' KSU Tarim ve Doga Derg
KSU J. Agric Nat
e-ISSN : 2619-9149

KAHRAMANMARAS
SUTCU IMAM UNIVERSITESI

TARIM ve DOGA
DERGISI

Journal of Agriculture and Nature

Cilt-Volume 27 Say1-Number 6 Yil-Year: 2024




KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

J):  TARIM ve DOGA DERGISI

e posh®

Dergimiz agagidaki indeksler tarafindan taranmaktadir (This journal is indexed and abstracted by )

e Emerging Sources Citation Index

o TUBITAK-TR Dizin

e CAB Abstracts

e C(CiteFactor

e DRJI (Directory of Research Journal Indexing)
e Google Scholar

e Index Copernicus

e International Directory of Agriculture, Food and The Environment
e Journal Index

e Scientific Indexing Services (SIS)

e The International Plant Names Index

Yazigma Adresi Corresponding Address
Kahramanmarag Siit¢ii Imam Univ.
Tarim ve Doga Dergisi,

46100 — KahramanmarasTURKIYE
Tel : (+90-344) 300 2108

E-mail: dogabilimleri@ksu.edu.tr
Web: http:dergipark.org.trksudobil
http:dogadergi.ksu.edu.tr

Bu dergi uluslararasi hakemli olup yilda 6 kez yayinlanir.
This journal is international peer-reviewed and published 6 issues per year.

Dergimiz, herhangi bir bagvuru veya yayimlama ticreti almamaktadir
The Journal doesn’t have APC or any submission charges.

Derginin Eski AdiPrevious Name of Journal
KSU Fen ve Mihendislik Dergisi
KSU Journal of Science and Engineering
KSU Doga Bilimleri Dergisi
KSU Journal of Natural Scienence
Derginin Eski ISSN NumarasiPrevious ISSN Number
1301-2053

Cilt-Volume 27 Say1-Number 6 Yil-Year 2024



http://www.cabi.org/publishing-products/online-information-resources/cab-abstracts/
http://www.citefactor.org/
http://www.drji.org/
https://journals.indexcopernicus.com/search/details?id=50523&lang=en
http://www.ipni.org/ipni/advPublicationSearch.do?find_title=&find_abbreviation=KSU&output_format=normal&query_type=by_query&back_page=publicationsearch
http://dergipark.org.tr/ksudobil
http://dogadergi.ksu.edu.tr/

KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

TARIM ve DOGA DERGISI

Sahibi Owner
Prof. Dr. Alptekin YASIM
Kahramanmarag Stit¢ii Imam Univ. Rektora

Editorler Editors
Prof.Dr. Ali KAYGISIZ (Bas EditorEditor in Chief)
KSU Ziraat Fak. Zootekni B6l.
dogabilimleri@ksu.edu.tr

Prof.Dr. Ismail AKYOL
Ankara Univ. Ziraat Fak.
Zootekni Bol.
ismail.akyol@ankara.edu.tr

Prof.Dr. I. Ersin AKINCI
KSU Ziraat Fak.
Bahge Bitkileri Bol.
akinci.ie@ksu.edu.tr

Prof.Dr. Burhan ARSLAN
Tekirdag Namik Kemal Univ.
Ziraat Fak. Tarla Bitkileri Bol.
barslan@nku.edu.tr

Prof.Dr. Kerim Mesut CIMRIN
Hatay Mustafa Kemal Univ. Ziraat Fak.
Toprak Bilimi ve Bitki Besleme Bol.
mcimrin@mku.edu.tr

Dog¢.Dr. Ali CAYLI
KSU Tirkoglu MYO
alicayli@ksu.edu.tr

Doc.Dr. Ahmet Levent INANC
KSU Miihendislik-Mimarlk Fak.
Gida Miih.Bél.
linanc@ksu.edu.tr

Doc.Dr. Mustafa KUSEK
KSU Ziraat Fak.
Bitki Koruma Bo6l.
mkusek@ksu.edu.tr

Ingilizce Editérii English Editor
Dr. Ogr. Uyesi Turhan YILMAZ

Istatistik Editori Statistics Editor o
Prof. Dr. Omer AKBULUT Dr. Ogr. Uyesi Rabia ALBAYRAK DELIALIOGLU
Giresun Univ. Fen Bilimleri Ens. AU Ziraat Fak. Zootekni Bél.
omer.akbulut@giresun.edu.tr ralbayrak@ankara.edu.tr

) Prof.Dr. Hikmet ORHAN
SDU Tip Fak. Biyoistatistik ve Tibbi Bilisim ABD
hikmetorhan@sdu.edu.tr

“Dog.Dr. Senol QELiK
Bing6l Univ. Ziraat Fak. Zootekni Bol.
senolcelik@bingol.edu.tr

Alan Editoru Associate Editor

Prof. Dr. Omer AKBULUT
Giresun Univ. Fen Bilimleri Ens.
omer.akbulut@giresun.edu.tr

Prof. Dr. Koksal KARADAS
Igdir Univ. Ziraat Fak.
Tarim Ekonomisi Bol.

kkaradas2002@gmail.com

Prof. Dr. Ayse Dilek OZSAHIN
Bitlis Eren Univ. Fen-Edebiyat Fak.
molekuler@gmail.com

Doc. Dr. N}lran TAPKI
Hatay MKU Ziraat Fak.
ntapki @mku.edu.tr

Cilt-Volume 27

Prof. Dr. Tugay AYASAN

Osmaniye Korkut Ata Univ. Kadirli Uygulamali

Bilimler Fak.
tayasan@hotmail.com

Doc. Dr. Oguz Ayhan KIRECCI
Bitlis Eren Univ. Hizan MYO

kireccioguzayhan@gmail.com

Prof. Dr. Selami SELVI
Balikesir Univ. Altinoluk MYO
Tibbi ve Aromatik Bitkiler Pr
sselvi@balikesir.edu.tr

Say1-Number 6

Dog¢. Dr. Kadyrbai CHEKIROV
Kyrgyz-Turkish Manas University

Faculty of Sciences
kadyr.chekirov@manas.edu.kg

Prof. Dr. Murat KUTUK
Gaziantep Univ. Fen-Edebiyat
Fak. Biyoloji Bol.
mkutuk@gantep.edu.tr

Doc.Dr. Parisa LOTFOLLAHI
Azarbaijan Shahid Madani
Universitesi
prslotfollahy@yahoo.com
Doc. Dr. Mustafa Abdullah YILMAZ
Dicle Univ. Eczacilik Fak. Bél.
mustafaabdullahyilmaz@gmail.com

Yil-Year 2024


http://akademik.ksu.edu.tr/Default.aspx?kod=ZK8EuDEg0t05ziNNAMNGWtvAX0Rg3GGIrqjTQp9opAc=
http://akademik.ksu.edu.tr/Default.aspx?kod=qm+DKZzcc1jWiYwGMvP7BYorDuvX9R6be7/w52KiFqA=
http://cv.ankara.edu.tr/iakyol@ankara.edu.tr
https://akademik.yok.gov.tr/AkademikArama/view/viewAuthor.jsp
https://akademik.yok.gov.tr/AkademikArama/view/searchResultviewListAuthor.jsp
https://www.mku.edu.tr/profilePage.aspx?personel=915
http://akademik.ksu.edu.tr/Default.aspx?kod=zMuEPwgtjKrsSKYE0KICvklj9PAlMF423d16PYxN16w=
https://akademik.yok.gov.tr/AkademikArama/AkademisyenGorevOgrenimBilgileri?sira=_D2bDdARDMCOgjHVGzFVZw&authorId=773F15CB02FDD043
https://akademik.yok.gov.tr/AkademikArama/AkademisyenGorevOgrenimBilgileri?islem=direct&sira=_D2bDdARDMCOgjHVGzFVZw&authorId=0413B23FF7A6B1CC
https://akademik.yok.gov.tr/AkademikArama/AkademisyenGorevOgrenimBilgileri?islem=direct&sira=_D2bDdARDMCOgjHVGzFVZw&authorId=CB3911BD4E377E53
mailto:omer.akbulut@giresun.edu.tr
https://akademik.yok.gov.tr/AkademikArama/AkademisyenGorevOgrenimBilgileri?islem=direct&sira=_D2bDdARDMCOgjHVGzFVZw&authorId=E94832868248CDC8
mailto:ralbayrak@ankara.edu.tr
https://akademik.yok.gov.tr/AkademikArama/AkademisyenGorevOgrenimBilgileri?sira=NPyYQsydu7pn_jChegdWIA&authorId=366A3C2BD2E72CBC
file:///C:/Users/User/Desktop/senolcelik@bingol.edu.tr
http://akademik.ksu.edu.tr/Default.aspx?kod=MaUlMXkseF+Ioe1dA9iRkHfUb9BgSWAXjJrjRBeUESg=
file:///C:/Users/User/Desktop/hikmetorhan@sdu.edu.tr
https://akademik.yok.gov.tr/AkademikArama/AkademisyenGorevOgrenimBilgileri?islem=direct&sira=_D2bDdARDMCOgjHVGzFVZw&authorId=CB3911BD4E377E53
mailto:omer.akbulut@giresun.edu.tr
https://akademik.yok.gov.tr/AkademikArama/AkademisyenGorevOgrenimBilgileri?islem=direct&sira=_D2bDdARDMCOgjHVGzFVZw&authorId=6AD234B02BB1C3DC
file:///C:/Users/User/Desktop/tayasan@hotmail.com
https://manas.edu.kg/en/natural_sciences/biology/1398
mailto:kadyr.chekirov@manas.edu.kg
https://akademik.yok.gov.tr/AkademikArama/AkademisyenGorevOgrenimBilgileri?sira=_D2bDdARDMCOgjHVGzFVZw&authorId=EF03AE433B446768
file:///C:/Users/User/Desktop/kkaradas2002@gmail.com
https://akademik.yok.gov.tr/AkademikArama/AkademisyenGorevOgrenimBilgileri?islem=direct&sira=_D2bDdARDMCOgjHVGzFVZw&authorId=ABDBE523F2482A21
mailto:kireccioguzayhan@gmail.com
https://akademik.yok.gov.tr/AkademikArama/AkademisyenGorevOgrenimBilgileri?islem=direct&sira=_D2bDdARDMCOgjHVGzFVZw&authorId=C3E8401667374184
mailto:mkutuk@gantep.edu.tr
https://akademik.yok.gov.tr/AkademikArama/AkademisyenGorevOgrenimBilgileri?islem=direct&sira=_D2bDdARDMCOgjHVGzFVZw&authorId=9C6A4A49322C9061
mailto:molekuler@gmail.com
https://akademik.yok.gov.tr/AkademikArama/AkademisyenGorevOgrenimBilgileri?islem=direct&sira=_D2bDdARDMCOgjHVGzFVZw&authorId=BFA056A81E850772
mailto:sselvi@balikesir.edu.tr
https://www.researchgate.net/profile/Parisa-Lotfollahi
file:///C:/Users/User/Desktop/prslotfollahy@yahoo.com
https://akademik.yok.gov.tr/AkademikArama/AkademisyenGorevOgrenimBilgileri?islem=direct&sira=_D2bDdARDMCOgjHVGzFVZw&authorId=BF0BD4E8F14A5BD2
file:///C:/Users/User/Desktop/ntapki@mku.edu.tr
https://akademik.yok.gov.tr/AkademikArama/AkademisyenGorevOgrenimBilgileri?islem=direct&sira=VAWp5jxMDUj5cB0bvOvsDw&authorId=076A99098F38E550
mailto:mustafaabdullahyilmaz@gmail.com

KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

TARIM ve DOGA DERGISI

Uluslararas1 Damigmanlar Kurulu (International Advisory Board)

Doc¢. Dr. Khairulmazmi AHMAD
Putra University, MALAYSIA

Assist.Prof. Dr. Eslam FAID-ALLAH
Minoufiya University, EGYPT

Prof. Dr. Khalid JAVED
University of Veterinary and Animal
Sciences, PAKISTAN

Dr. Ram Prasad MAINALI
National Agriculture Genetic Resources
Center, NEPAL

Dr. Ahmad K. SALAMA
Autonomous University of Barcelona,
SPAIN

Prof. Dr. Muhammed Masood TARIQ
Balochistan University, PAKISTAN

Dog. Dr. Daniel ZABORSKI
West Pomeranian University of
Technology, POLAND

Prof. Dr. Larisa CAISIN
State Agrarian University, MOLDOVA

Prof.Dr. Wayne GARDNER
The University of Georgia, USA

Prof.Dr. A Salah KHATTAB
Tanta University, EGYPT

Prof. Dr. Alisa PIRLOG
State Agrarian University, MOLDOVA

Dr. Vivekanandarajah SARAVANAN
KnowledgeLink Group, Inc.,
SRI LANKA

Dr. Thobela Louis TYASI
University of Limpopo Polokwane,
SOUTH AFRICA

Prof.Dr. Navid GHAVI HOSSEIN-ZADEH
University of Guilan, Rasht, IRAN

Prof.Dr. Mohammed H. Abu-DIEYEH
Qatar University, QATAR

Prof.Dr Stanlslavy HURUK
Jan Kochanowski Universitesi

POLAND

Prof Dr. K Mahmood KHAWAR
Ankara Univ. , ANKARA

Assist.Prof. Dr. Mehdi RAHIMI
Graduate University of Advanced
Technology, IRAN

Prof.Dr Vytautas TAMUTIS
Uniwersytet Aleksandra, LITVANIA

Prof.Dr. Abdulmojeed YAKUBU
Nasarawa State University,
NIGERIA

Prof.Dr. qose Cola ZANUNCIO
Federal Universitesi of Vicosa,
BRAZIL

Ulusal Damigsmanlar Kurulu (Advisory Board)

Prof.Dr. Tugay AYASAN
Korkutata Univ. OSMANIYE

Prof. Dr. H. Murat BUYUKCAPAR
Kahramanmarag Stt¢ii Imam Univ.

KAHRAMANMARAS

Prof.Dr. Riistit HATIPOGLU
Kirgehir Ahi Evran Univ. KIRSEHIR

Prof.Dr. Yesim Yalgin MENDI,
Cukurova Univ. , ADANA

Prof.Dr. Nazim SEKEROLU
Gaziantep Univ. GAZIANTEP

Cilt-Volume 27

Prof. Dr. Fikri BALTA
Ordu Univ. ORDU

Prof. Dr. Mahfuz ELMASTAS
Saglik Bilimleri Univ. ISTANBUL

Prof.Dr. Murat KUTUK
Gaziantep Univ. GAZIANTEP

Prof.Dr. 'Fatih SATIL
Balikesir Univ. Balikesir

Prof. Dr. Ibrahim YILMAZ
Akdeniz Univ. ANTALYA

Say1-Number 6

Prof.Dr... Levent BAT
Sinop Univ. SINOP

Prof. Dr. Ilhami GULCIN
Atattirk Univ. ERZURUM

Prof. Dr. Ramazan MERAL
Bilecik Seyh Edebali Univ.
BILECIK

Prof.Dr. Huseyin SGZEK
Mugla Sitki Kogman Univ. MUGLA
Prof. Dr. Kadir YILMAZ

Kahramanmaras Siit¢ii Imam Univ.

KAHRAMANMARAS

Yil-Year 2024


http://dogadergi.ksu.edu.tr/tr/pub/@%C4%B0LHAM%C4%B0%20G%C3%9CL%C3%87%C4%B0N
http://dogadergi.ksu.edu.tr/tr/pub/@%C4%B0LHAM%C4%B0%20G%C3%9CL%C3%87%C4%B0N

e posh®

ICINDEKILER
ARASTIRMA MAKALESI - RESEARCH ARTICLE

Investigation of Chemical Composition and Biological Activity of Salix aegyptiaca L. Roots
Salix aegyptiaca L. Koklerinin Kimyasal Bilesimi ve Biyolojik Aktivitesi Uzerine Bir Aragtirma
Maaroof Abdalrahman Rasul, Ali Gégeri, Shno Abdalgadir Sofi, Mehmet Hakki Alma, Ekrem
Kirecgci, Mustafa Abdullah Yilmaz

Evaluation of Biological Activities of Various Extracts of Glaucium alakirensis, Marrubium
bourgaei, and Peucedanum alpinum from Tirkiye

Turkiye’den Glaucium alakirensis, Marrubium bourgaei ve Peucedanum alpinum Turlerinin
Cesitli Ekstraktlarinin Biyolojik Aktivitelerinin Degerlendirilmesi

Eda Delik, Berfin Eroglu, Mertcan Giilben, Candan Aykurt, Burcu Emine Tefon Oztiirk

Biological Activities of Elaeagnus umbellata Methanol Extract

Elaeagnus umbellata Metanol Ekstraktinin Biyolojik Aktiviteleri

Ulkii Zeynep Ureyen Esertag, Merve Cora

Tarim Atiklarindan Aktif Karbon Uretimi ve Atiksudan Boya Giderimi: Karakterizasyon,
Kinetik ve Denge Calismalari

Production of Activated Carbon from Agricultural Waste and Dye Removal from Wastewater:
Characterization, Kinetics, and Equilibrium Studies

Hakan Yildiz

Evaluation of the in vitro Enzyme Inhibition and Antioxidant Activity of Clinopodium
betulifolium (Boiss. & Balansa) Kuntze

Clinopodium betulifolium (Boiss. & Balansa) Kuntze Tiriiniin in vitro Enzim Inhibisyonu ve
Antioksidan Aktivitesinin Degerlendirilmesi

Nuraniye Eruygur, Tugsen Biiyiikyildirim, Damla Kirci, Fatma Ayaz, Yavuz Bagci, Siilleyman
Dogu

Myxobiota of the Iskenderun Gulf (Mediterranean Sea/Tiirkiye) and Its Environment
Iskenderun Korfezi (Akdeniz/Tiirkiye) Miksobiyotas1 ve Cevresi
Hayri Baba, Mustafa Sevindik

A New Record for The Flora of Tirkiye: Cousinia mazu-shirinensis Rech.f.
Turkiye Florasi i¢in Yeni Bir Kayit: Cousinia mazu-shirinensis Rech.f.
Mehmet Fidan, Stileyman Mesut Pinar, Hiiseyin Eroglu, Metin Armagan

Initial Report of Inocybe costinitii in Tiirkiye with Morphological and Molecular Data
Tirkiye’de Ik Kez Tespit Edilen Inocybe costinitii Tariiniin Morfolojik ve Molekiiler Verilerle
Ik Raporu

Ilgaz Akata, Giilce Edig, Eda Kumru, Ismail Acar, Ergin Sahin

Melatonin Uygulamasinin Kabarcik Uziim Cesidinde Hasat Sonras1 Kalite ve Raf Omrii Uzerine
Etkileri
Effects of Melatonin Application on Post-Harvest Quality and Shelf Life of Kabarcik Grape
Variety

' 4 Turhan Yilmaz
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Influence of Leaf Water Potential and Defoliation Techniques on Leaf Area Characteristics in
'Merlot'/41B Grapevines

'Merlot'/41B Asmalarinda Yaprak Su Potansiyeli ve Yaprak Alma Tekniklerinin Yaprak Alan1 1320-1331
Ozelliklerine Etkisi

Serkan Candar, Elman Bahar, Ilknur Korkutal, Fatma Betiil Aktas

Morphological Characterization of Some Capia Pepper (Capsicum annuum L.) Genotypes
Baz1 Kapya Biber (Capsicum annuum L.) Genotiplerinin Morfolojik Karakterizasyonu 1332-1342
Ayse Nur Savkan, Hakan Basak, Onder Tirkmen

Dogu Akdeniz Boélgesi Modern Seralarinda Farkli Orti Malzemesi ile Farkli Is1 Perdesi
Kullaniminin Sera Is1 Gereksinimine Etkisinin Belirlenmesi

Determination of the Effect of Different Cover Materials and Heat Curtain Usage on Greenhouse 1343-1355
Heat Requirement in Modern Greenhouses of the Eastern Mediterranean Region

Sait Ustiin, Elif Kiibra Colkesen, Katibe Giilsah Bolat, Gilcin Hayirsoz

Determination of Population Dynamics of Cicadellidae (Hemiptera) Species and Their
Relationship with Climatic Parameters in Organic Cotton Fields in Hatay Province, Tturkiye

Hatay Ili Organik Pamuk Tarlalarinda Cicadellidae (Hemiptera) Tiirlerinin Popiilasyon 1356-1366
Dinamiklerinin ve Iklimsel Parametrelerle Iligkilerinin Belirlenmesi

Ibrahim Ersin Bozdogan, Nihat Demirel

Contributions to Paederus Fabricius, 1775, Paederidus Mulsant & Rey, 1878 and Uncopaederus

Korge, 1969 (Coleoptera, Staphylinidae, Paederinae) Fauna of Tiirkiye

Tirkiye'nin Paederus Fabricius, 1775, Paederidus Mulsant & Rey, 1878 ve Uncopaederus Korge, 1367-1375
1969 (Coleoptera, Staphylinidae, Paederinae) Faunasina Katkilar

Mutlu Celik, Sinan Anlasg

Endofit ve Epifit Bakteri Izolatlarinin Baz1 Turuncgil Fungal Hastalik Etmenlerine Kars1 in

vitro Biyokontrol Etkinlik ve Etki Mekanizmalarinin Belirlenmesi

Determination of in vitro Biocontrol Efficacy and Mechanisms of Endophytic and Epiphytic 1376-1391
Bacterial Isolates Against Some Citrus Fungal Disease Agents

Yusuf Gimus, Emine Mine Soylu

Mortality Effects of Beauveria bassiana and Purpureocillium lilacinum Isolates and Efficacy of

a Wettable Formulation on Palomena prasina (Hemiptera: Pentatomidae) Nymphs

Beauveria bassiana ve Purpureocillium lilacinum Izolatlarmin Palomena prasina (Hemiptera: 1392-1400
Pentatomidae) Nimfleri Uzerindeki Oliimli Etkileri ve Islatilabilir Bir Formiilasyonun Etkinligi

Zeynep Sahin Taylan, Mehmet Kubilay Er

Turunggil Bahgelerinde Meyve Dokiimiine Neden Olan Fungal Patojenlerin Tanisi ve Bazi
Bilesiklerinin Antifungal Etkileri

Diagnosis of Fungal Pathogens Causing Fruit Drop in Citrus Orchards and Antifungal Effects of 1401-1413
Some Compounds

Aysun Uysal, Sener Kurt, Soner Soylu, Merve Kara, Emine Mine Soylu

Kahramanmaras Ilinde Belirlenen Kiiskiit Tiirleri (Cuscuta spp.): Bu Tiirlerin Morfolojik

Yapilar1 ve Konakc¢iya Bagli Yogunluklarinin Belirlenmesi
' Determination of Cuscuta Species (Cuscuta spp.) Identified in Kahramanmaras Province: 1414-1426
Morphological Structures of These Species and Their Densities Depending on the Host
Tamer Ustiiner, Yusuf Ziya Kocabasg
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A New Genus Record for Tirkiye: Sesbania Adanson (Fabaceae)
Tiirkiye icin Yeni Bir Cins Kaydi: Sesbania Adanson (Fabaceae)
Selin Tink, Halil Cakan, Sibel Uygur, Feyzullah Nezihi Uygur

The Effect of Liquid Seaweed of Organic Origin on Seed Germination and Seedling Development
of Some Winter Cereal Species

Organik Kokenli Sivi Deniz Yosununun Bazi Kiglik Tahil Turlerinin Tohum Cimlenmesi ve Fide
Gelisimi Uzerine Etkisi

Ali Rahmi Kaya, Mustafa Yildirim, Songtl Ciftei S

Sustaining Soil Biological Activity: The Role of Extended Reduced and No-Tillage Techniques
Toprak Biyolojik Aktivitesinin Surdirilmesi: Uzun Sireli Azaltilmis ve Topraksiz Tarim
Tekniklerinin Rolt _

Murat Gencer, Mustafa Gok, Ismail Celik

Ege Bolgesi Zeytin Uretiminde Etkinligin ve Belirleyicilerinin Tespiti: Bootstrap VZA Yaklagimi
Determination of Efficiency and Determinants in Olive Production in the Aegean Region:
Bootstrap DEA Approach

Mehmet Sari, Murat Kulekei

Cekirdeksiz Kuru Uziim Uretiminde Teknik Etkinligin Belirlenmesi
Determination of Technical Efficiency in Seedless Raisin Production
Yiiksel Savasg, Ferruh Isin

Assessment of Key Factors Affecting Farmers' Migration Intentions Due to the Syrian Conflict
Suriyeli Catismasi Nedeniyle Ciftcilerin Go¢ Etme Niyetlerini Etkileyen Anahtar Faktorlerin
Degerlendirilmesi

Kuteybe Gannum, Cuma Akbay, Cevahir Kaynakc¢

Ankara Ilinde Memur Tiiketicilerin Ar1 Uriinleri Tiiketimi ve Tiketim Tercihleri
Honey Products Consumption and Preferences of Civil Servants in Ankara Province
Nuran Tapki, Serdal Demirci
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ABSTRACT Biochemistry
The root of Salix aegyptiaca L.. was extracted using their yield percentage,
total condensed tannin concentration, antimicrobial, antioxidant activity Research Article

and to determine chemical composition by LC-MS/MS. The root
extraction was carried out together with water, ethanol and methanol.

Article History

Accelerated solvent extraction (ASE), conventional extraction (CE), and Received 110.12.2023
microwave extraction (ME) were the extraction methods applied during Accepted 1 08.02.2024
the investigation. The LC-MS/MS methanol extract was used to detect

phenolics. The antioxidant activities and total condensed tannin Keywords

concentrations of root extracts have been done by UV-visible spectroscopy Antioxidants

from 517 to 580 nm, severally. The disk diffusion method was used for Antimicrobial

antimicrobial activity. The maximum extraction yield (17.2%) was
obtained in methanol by the ASE technique whereas, the conventional
extraction technique obtained the minimum extraction efficiency (9.1%).
By triplicate measurement, the total condensed tannin analysis result
was found 35.14 mg/L. Using the ASE technique, the methanol extract
was the maximum inhibitory zone (26 mm) against Candida albicans
ATCC 10231. However, in water extract by conventional extraction, a
minimum inhibitory zone (11 mm) was obtained against Staphylococcus
aureus Cowan 1. The highest and lowest DPPH scavenging activity was
determined in methanol (ASE) (98.8%) and ethanol (97.5%) extract
respectively. The maximum amounts of quinic acid (63895 pg/g) were
discovered using LC-MS/MS.

Chemical composition
Condensed tannin
Salix aegyptiaca

Salix aegyptiaca L. Kéklerinin Kimyasal Bilegimi ve Biyolojik Aktivitesinin Aragtirilmasi

OZET Biyokimya

Salix aegyptiacanmin kok ekstrakti, verim ylzdesi, toplam kondense

tanen konsantrasyonu, antimikrobiyal, antioksidan aktivite ve LC- Aragtirma Makalesi
MS/MS  kullanilarak kimyasal Dbilesiminin  belirlenmesi  igin

kullanilmigtir. Kok ekstraksiyonu su, etanol ve metanol ile Makale Tarihgesi
gerceklestirildi.  Hizlandirilmis  solvent  ekstraksiyonu (ASE), Gelig Tarithi  :10.12.2023
konvansiyonel ekstraksiyon (CE) ve mikrodalga ekstraksiyonu (ME), Kabul Tarihi :08.02.2024

arastirma sirasinda uygulanan ekstraksiyon yontemleriydi. Fenoliklerin
LC-MS/MS ile tespit edilmesi i¢in metanol ekstrakti kullanmildi. Kok
ekstraktlarinin antioksidan aktiviteleri ve toplam kondanse tanen
miktarlar1 UV-Vis spektrofotometre cihazinda sirasiyla 517 nm ve 580
nm olarak oOl¢ulmistir. Antimikrobiyal aktivite i¢in disk diftizyon
yontemi kullanildi. Maksimum ekstraksiyon verimi (%17.2) metanolde
ASE teknigi ile elde edilirken, minimum ekstraksiyon verimliligi (%9.1)
konvansiyonel ekstraksiyon teknigi ile elde edildi. Uglii 6l¢timle toplam
kondense tanen analizi sonucu 35.14 mg/Li bulundu. ASE teknigi
kullanildiginda metanol ekstrakti Candida albicans ATCC 10231'e kars1
maksimum inhibitér bélge (26 mm) olmustur. Bununla birlikte, su
ekstraktinda geleneksel ekstrasitasyonla Staphylococcus aureus Cowan
1'e kars1 minimum inhibitér bélge (11 mm) elde edilmistir. En yiiksek ve

Anahtar Kelimeler
Antioksidant
Antimikrobiyal
Kimyasal bilegim
Kondense tanen
Salix aegyptiaca
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en diigiik DPPH giderme aktivitesi sirasiyla metanol (ASE) (%98.8) ve

etanol (%97.5) ekstraktinda belirlendi.

LC-MS/MS kullanilarak
maksimum kinik asit miktarlar1 (63895 ug/g) kesfedildi.

Ataf igini Abdalrahman, M. R., Gégeri, A., Sofi, S. A., Alma, M. A, Kirecci, E., & Yilmaz, M. A. (2024). Salix aegyptiaca L.
Koklerinin Kimyasal Bilesimi ve Biyolojik Aktivitesinin Aragtirilmasi. KSU Tarim ve Doga Derg 27 (6), 1237-
1248. DOI: 10.18016/ksutarimdoga.vi.1402758.
To Cite: Abdalrahman, M. R., Gégeri, A., Sofi, S. A., Alma, M. A, Kirecci, E., & Yilmaz, M. A. (2024). Investigation of
Chemical Composition and Biological Activity of Salix aegyptiaca L. Roots. KSU J. Agric Nat 27(6), 1237-1248.
DOI: 10.18016/ksutarimdoga.vi.1402758
INTRODUCTION production of prostaglandins by cyclooxygenase-1

The curative antimicrobial substances were used like
medicinal plants. Nowadays, there are many kinds of
compounds that can be found in nature. The biologically
active compounds that can be isolated from plants have
always attracted attention (Prince et al., 2011).
Aromatic compounds, including flavonoids, tannins,
quinones, phenolic acids, and amines, as well as
alkaloid compounds with terpenoids, vitamins, and
other endogenous metabolites, can be produced by
medicinal aromatic plants (Gulcin, 2020). These
compounds have insect and herbivore defense
properties (Bharathi et al., 2011). There are nearly
330-500 types (genus Salix) and ground plants, 200
hybrids, bush, and trees that are extensively spread to
many areas of the world such as Africa, America,
Europe, and Asia. The types of Salix are conventionally
used in folk remedies and include a useful source of
effective compounds such as salicin, a prodrug for
salicylic acid (Savei et al., 2020; Tawfeek N et al., 2021;
Karagecili et al., 2023). The family of Salicaceae
conventionally contains the genus Populus and Salix
(willow), which are widespread in the northern mild
zone (Isebrands et al., 2014). Nowadays, the Salicaceae
now includes the most effective tropical fruit-
consuming plants that do not produce catkins (Thadeo
et al., 2014). Therefore, the genus Salicaceae currently
encloses nearly 56 genera and 1,220 types
(Christenhusz et al., 2016). The family of Salicaceae
are quick-developing trees or bushes (Isebrands et al.,
2014). These families are used for many economic
objectives such as the manufacture of wood, paper,
fences, housing, shoes, arrow shafts, fish traps, pipe,
rope, fancy, and gardening like biomasses (renewable
energy). Besides, it was used purpose of ecological
enrichment owing to the earth erosion control
(Kuzovkina et al., 2014). Salix aegyptiaca L. plants
were noted as one of the first samples of advanced
herbal medicine a long time ago. Salicin is one of the
chemical compounds of bark willow trees that can be
obtained by chemical processes. Salicylic acid is a new
material, and acetylated variants of this compound
have become famous drugs in the past, including
aspirin. Famous salicylate compounds, which include
salicylic acid and acetylsalicylic acid, are produced
from the Salix plant. This class of substances has anti-
inflammatory properties that can suppress the
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(COX-1) and cyclooxygenase-2 (COX-2) (Yu et al., 2002;
Mahdi et al., 2006). The leaves of S. aegyptiaca contain
significant levels of phenolics such as p-coumaric acid,
gallic acid, caffeic acid, catechin, myricetin, vanillin,
and epigallocatechin gallate, as well as flavonoids like
rutin, quercetin, and salicin (Enayat et al., 2009).
Several Salix species and their active ingredients,
including salicin and salicylic acid, were used in
traditional healing to cure a variety of conditions,
including fever, chronic and acute inflammation,
epilepsy, diabetes, piles, swelling, wounds, earaches,
colds, back pain, toothaches, headaches, and cramps.
Additionally, they have narcotic, antioxidant,
anticancer, cytotoxic, anti-inflammatory,
antibacterial, antidiabetic, antiobese, neuroprotective,
and hepatoprotective properties. Salicylic acid serves
cyclooxygenases (COX I, II) as its primary function
since these enzymes are crucial in the production of
prostaglandins, which are responsible for regulating
pain and inflammation (Tawfeek et al., 2021). Salix
species have the potential to be important
antimicrobials, as demonstrated by the MIC zones and
percentages throughout, which indicate their impact
on functional foods (Mostafa et al., 2020). Numerous
earlier academic works have demonstrated the
antibacterial activity of Salix plant species and their
effective component extracts against a variety of
microorganisms, including Pseudomonas aeruginosa,
Staphylococcus  aureus, Salmonella enterica,
FEscherichia coli, and Streptococcus mutans, that form
dental biofilms. Meanwhile, Salix viminalis, L., and
Salix atrocinerea studies have shown that the extracts
obtained from the species have a strong antioxidant
effect thanks to the flavonoids and phenolic compounds
in the content (Tawfeek et al., 2021). Salix plant is now
recognized by the German Pharmacopoeia, and plans
are underway for a monograph to be included in the
European Pharmacopoeia. The European Scientific
Cooperative on Phytotherapy (ESCOP, 1997)
advocated taking salicin at a dose of up to 240 mg per
day. The current article's purpose is to present S.
aegyptiaca as a medicinal plant by outlining both its
historical uses and the most recent research on its
innovative pharmacological and therapeutic uses.
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MATERIALS AND METHODS
Plant sample collection

The Sarsang-Dohuk province in northern Iraq is where
the S. aegyptiaca L. roots were collected in February
2014. Additionally, identification and confirmation
were carried out by Dr. Zeravan Abdulkaliq Sadeeq
from the University of Dohuk's Faculty of
Agriculture/Dohuk-Iraq

Sample Preparation

S. aegyptiaca L. root was stored and dried under
normal room conditions and powdered by using an
electric steel blender. The powder sample was put
through a series of sieves of varying sizes and
refrigerated until examination. All studies were
carried out 1in Kahramanmarasg Siit¢gi Imam
University, Faculty of Forestry laboratory.

Extract Process
Conventional extraction

For conventional extraction, 80 mL water, ethanol
(95%), methanol (95%), and 8 g of Salix extract were
combined separately. The proportion was extracted to
solvent 1:10. The extraction took place for three hours
at 40°C. Liquid extract was separated by filtration, and
the evaporation process was done (Dhanani et al.,
2013).

Microwave extraction

A volume of 80 mL water, methanol (95%), and ethanol
(95%) were combined in beakers with 8 g of extract
separately. At standard temperatures extraction
performed for 25 minutes after filtration extracts were
evaporated (Laghari et al., 2011).

Accelerated solvent extraction

Dried 8 g extract was added to a certain flask. The
extraction took place at 60 °C for 40 minutes, under
pressure and then the sample was evaporated
(Comlekcioglu et al., 2013).

Yield determination

The extraction yield, which was defined as the amount
of extract residue in mass compared to the initial
amount of dry sample, is an evaluation of the solvent's
ability to remove particular components from the main
material (Zhang et al., 2007). 50 mL each of water,
ethanol, and methanol were used to extract 0.5 g of root
extract using various extraction techniques. The yield
percentage was calculated by using the following
Formula given below: (Karaogul et al., 2016b):

x
Yield percentage (%) = y x 100

where, Xisthe oven
— dry weight of the extract (in g).Y is the oven
— dry weight of the sample (in g).
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Calculating the amount of total condensed tannin

The experiment was conducted UV-Vis
spectrophotometer. Extract liquor was ready by
stirring 0.05 g of Fe2S04, 95 mL N-butanol, and 5 mL
HC1 (35%). Condensed tannin calculation, 0.01 g of
both plant extract and mimosa tannin was put
separately in a test tube and then 10 mL of extract
solution was added and placed in a water bath for
heating one hour. The absorbance was measured at
580 nm wavelength (Karaogul et al., 2016¢; Yavuz et
al., 2023).

compound

Quantitative phenolic and flavonoid

analysis by LC-MS/MS

A total of 27 active substances were measured in S.
aegyptiaca L. during the study. The method contains
the linearity ranges of the researched standard
compounds as well as the rectilinear regression
equations. It was discovered that correlation
coefficients were higher than 0.99. The reported
analytical method's limits of detection (LOD) and
quantitation (LOQ) were displayed. LOD and LOQ for
the substances under study varied from 0.05 to 25.8
and 0.17 to 85.9 g/L, respectively. Additionally, the
phenolic compound recoveries ranged from 96.9%to
106.2%. The equation below was used to calculate the
conclusion (Ertas et al., 2014a; Ismael, B.Q et al.,
2019).

Quantification of compound (ug/g)= RxU’ <+ 100
Where,

R is the result from LC-MS/MS (ug), Ufis the percent
relative uncertainty at 95% confidence level (%)

DPPH radical scavenging activity

Blois (1958) used the DPPH method to examine root
extracts of S. aegyptiaca L. that had been dissolved in
ethanol and methanol. For the study's ethanol and
methanol extractions, 0.1 mM DPPH was prepared.
Following that, methanol and ethanol were combined
with 0.1, 0.2, and 0.3 mL of the sample solvents until a
total of 3 mL had been used. One mL of DPPH was then
added to each after that. The mixture was vigorously
mixed before being left at room temperature for 30
minutes. A Shimadzu UV-Vis 1240 spectrophotometer
was used to detect the absorbance at 517 nm. As a
reference, butylated hydroxyltoluene (BHT) was used.
The following equation was used to quantify radical
scavenging activity as the sample's free radical
inhibition percentage (Giilcin et al., 2003; Géceri A et
al., 2022).

Inhibition of DPPH radical scavenging activity
(%)=""X100

Where
A is the absorbance of DPPH,

B is the absorbance in the presence of the sample and
BHT.
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Anti-microbial activity
Microorganisms

The experiment utilized four fungi and seven bacteria.
Microorganisms were supplied by the Biology
Department's Microbiology Lab at Kahramanmarag
Stut¢gli  University in  Turkey. Microorganism
information is given in Table 1. (Karaogul et al., 2016a;
Géceri et al., 2020).

Disc diffusion assay

Antimicrobial activity was performed using seven
bacteria and four fungi (Table 1). By using the disc
diffusion method, Salix root extracts in ethanol,
methanol, and water were tested individually against
each type of organism (CLSI, 2022/M100). The
dextrose agar from Mueller-Hinton and Sabouraud
was sterilized using an autoclave at 121°C for 15

Table 1. Microorganism information
Cizelge 1. Mikroorganizma bilgileri

minutes. One each of the 29 sanitized petri plates, the
medium was introduced aseptically. Each disc was
soaked in 100 pl of plant extract before being permitted
to dry. Discs are then placed on an MHA medium,
which contains 10 pl of bacteria. A 20 pl suspension of
fungus was used to inoculate the SDA medium. 10 p
ml?! gentamicin and ampicillin were used as the
positive controls (6 mm in diameter), whereas ethanol,
methanol, and water were used as the negative
controls. Additionally, 100 pl of a 10 mm-diameter
Nystatin unit/disc was employed for antifungal
activity. For each test, plates were incubated for 24
hours at 37 degrees and 48 hours at 25 to 27 degrees.
The bacteria and fungi activities were assessed by
measuring the inhibition zones (Karaogul et al., 2016a;
Goceri et al.,, 2020). All tests were performed in
triplicate.

Organism code Organisms Type Source

B2 Bacillus megaterium Gram(+)bacteria DSM32

B11 Klebsiella pneumoniae Gram(-)bacteria FMC5

B13 Escherichia coli Gram(-)bacteria DM

B19 Pseudomonas aeruginosa Gram(-)bacteria DSM50071

B20 Staphylococcus aureus Gram(+) bacteria Cowanl

B25 Micrococcus luteus Gram(+) bacteria LA2971

B29 Bacillus subtilis Gram(+) bacteria IMG22

M1 Candida albicans Fungi ATCC10231

M2 Candida utilise Fungi NRRL-Y-900

M3 Saccharomyces cerevisiae Fungi WET136

M4 Yarrowia lipolytica Fungi NCIM3589
Statistical analyses with values ranging from 6.25 mg/Li to 50 mg/Li and
Descriptive statistical methods, such as mean and listed in Table 4. According to the triple

standard deviation, were used to analyze each result.
The statistical program used is Anova SPSS statistical
software version 18 (SPSS Inc. Chicago, USA). The
mean differences were either found to be significant (p
< 0.05) or non-significant (p > 0.05).

RESULTS and DISCUSSION
Calculation of yield

Table 2 lists the yield percentage results for .S.
aegyptiaca L. The ASE process was used in methanol
to provide the highest yield (17.2%). While using the
traditional method, water had the lowest yield (9.1%).
The findings were confirmed by earlier research
published by Anokwuru (2011), which found that
methanolic extract produced the maximum yield
(17.23%). It was determined that the best method
among the extraction methods studied was the ASE.

Total condensed tannin

Table 3 shows the total condensed tannin content of S.
aegyptiaca roots. A standard calibration curve was
used to determine the tannin concentration (R2=0.999),
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measurements, 35.14 mg/LL was the average total
condensed tannin concentration. The water-soluble
antioxidant tannins have a molecular weight of 500-
3000 g/mol. Tannins are naturally occurring phenolic
compounds found in vegetables, seeds, and fruits.
Tannins are frequently used in the production of wine
as stabilizers to do things like balance wine color, stop
certain enzymes from contaminating grapes, and work
as wine-fining substances (Sanz et al., 2008).
According to their findings, Salix sachalinensis leaves
had a condensed tannin concentration of 8.2+0.79 mg
gl. According to Otthudi (2005), tannins exhibit
antifungal properties. Its ability to connect with the
cell walls of fungus or interact with extracellular and
soluble proteins may be the cause of its activity. These
chemicals have the potential to sever fungus
membranes (Tsuchiya et al., 1996).

Identification of S. aegyptiaca root methanol extract
compounds by LC-MS/MS

Methanol was used to create the S. aegyptiaca root
extract, and 27 components (three non-phenolic acids,
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ten phenolic acids, and fourteen flavonoids) were
analyzed by LC-MS-MS. The chemicals were examined
using negative ionization modes in this investigation.
The analysis results are shown in Table 5 below. These
results were different from previous studies. Because
in other studies, salicylic acid was obtained as the

Table 2. Yield percentage of S. aegyptiaca L.
Cizelge 2. S. aegyptiaca L. 'nin verim ytizdesi

main compound (Karawya et al., 2010; Rabbani et al.,
2010; Cooper et al., 2014). However, these results
conformed with the results of Zhang (Zhang et al.,
2014). The findings also revealed increased
concentrations of tr-aconitic and malic acids (Table 5).

Yield (%)

Methods Solvents Moanl SD?

Water 9.1 +0.1
Conventional extraction EtOH 10.6 +0.15

MeOH 11.7 +0.6

Water 10.4 +0.1

Microwave extraction EtOH 12.03 +0.6
MeOH 12.6 +0.15

. EtOH 15 +0.1
Accelerated solvent extraction MeOH 179 1015

EtOH: ethanol, MeOH: methanol, 'Values presented as mean + SD of three measurements, 2SD: Standart deviation

Table 3. Condensed tannin of S. aegyptiaca L. Roots
Cizelge 3. S. aegyptiaca L. kokii'niin kondense taneni

- Standard . .
Salix aegyptiaca L. Condensed Tannin (mg/L) Average Jeviation Variation (V)
35.32 34.85 35.25 35.25 35.14 0.71

Table 4. Standards for mimosa tannin calibration
Cizelge 4. Mimoza tanen kalibrasyonu igin standartlar
Mimosa tanin calibration

Concentration Absorbance
6.25 0.094
12.5 0.179
25 0.365
50 0.75

The time of collection, plant parts, genesis, extract
methods, and solvents could all have an impact on the
outcomes (Huang et al., 2005). A high amount of tannic
acid (555 pg/g) and a low amount of tr-caffeic acid (8.7
ng/g) were detected in the roots of plants respectively.
A substantial amount of salicylic acid (204.9 pg/g) was
found in the methanol extract, but no rosmarinic acid
was detected. The outcome is shown in Table 5. The
research of Bravo (1998), Enayat (2009), Sonboli
(2010), and Enayat (2013) supports these findings. The
highest hyperoside (275.3 pg g') and the lowest
coumarin (0.63 pg g!) compounds were detected
respectively. Chrysin, however, was not discovered in
the roots of \S. aegyptiaca L. These substances exist and
their results are consistent with other experiments
(Qin et al., 2005; Nahrstedt et al., 2007).

Radical scavenging activity in DPPH

The free radical 1,1-diphenyl-2-picrylhydrazyl
(DPPH), which absorbs characteristically at 517 nm
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and is purple, is significantly reduced upon exposure
to radical scavengers by the contribution of hydrogen
atoms or electrons. The extract's best ability to
scavenge free radicals can be seen by its absorbance at
517 nm (Taslimi et al., 2017; Gulcin et al., 2023). The
best antioxidant mechanism by which lipid oxidation
is inhibited is known as free radical scavenging. This
work provides a means for serially assessing a
compound's or extract's ability to scavenge free
radicals and is a popular examination of antioxidant
activity (Amarowicz et al., 2004). Table 6 shows the
BHT values along with the DPPH radical scavenging
activity of the S. aegyptiaca L. root extracts made
using various extraction methods. The two extracts
with the highest and lowest DPPH radical scavenging
activity were found to be the ethanol extract by
microwave extraction method at 0.3 ul concentration
(0.0162 mg mL) and the methanol extract by rapid
solvent extraction method at 0.1 pl concentration
(0.0264 mg/mL). As shown in Table 6, all extracts
produce butylated hydroxyltoluene (BHT) in DPPH
tests. The presence of polyphenolic chemicals may be
the cause of S aegyptiaca L’s DPPH radical
scavenging activity. Because they donate hydrogen
atoms, phenolic substances are known to have
antioxidant properties (Ho et al., 1994). Due to their
scavenging or antioxidative properties (Hatano et al.,
1989), phenols are important components of herbs
(Duh et al., 1999).
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Table 5. S. aegyptiaca L. roots' methanol-extracted quantitation by LC-MS/MS
Cizelge 6. S. aegyptiaca L. Koklerinin methanol ekstresinin LC-MS/MS miktari

No Chemical RT= Parent ion de tecIt-:‘il(I)nnllti(i)rfnit of If Quantitation ug/g
Compounds (m/z)b A extract
quantification (ug/L)e
1  Quinic acid 3.3 191 22.3/74.5 4.8 63895
2  Malic acid 3.5 133 19.2/64.1 5.3 38020
3 tr-Aconitic acid 4.1 173 16/52 4.9 816
4  Gallic acid 4.2 170 5/16 5.1 183.91
5  Chlorogenic acid 5.4 353 7.3/24.3 4.9 29.93
6  Protocatechuic acid 5.6 153 26/86 5.1 287
7  Tannic acid 6.4 183 10.2/34.2 5.1 555
8  tr- caffeic acid 7.3 179 4.4/15 5.2 8.7
9 Vanillin 8.7 151 10.1/34 4.9 441
10 p-Coumaric acid 9.5 163 15.2/51 5.1 221
11 Rosmarinic acid 9.57 359 10.4/35 4.9 N.D
12 Rutin 10.1 610 17/57 5.0 52.4
13 Hesperidin 9.6 611.1 22/72 4.9 67.94
14  Hyperoside 10.4 463.1 12.4/41.4 4.9 275.3
15 4-OH Benzoic acid 11.7 137 3/10 5.2 201.3
16  Salicylic acid 11.7 137 4/13.3 5.0 204.9
17 Myricetin 11.9 317 10/33 5.9 28.4
18 Fisetin 12.6 285 11/36 5.5 4.83
19 Coumarin 12.5 147 9.1/30.4 4.9 0.63
20 Quercetin 14.4 301 2/7 7.1 19
21  Naringenin 14.6 271 3/9 5.5 105.2
22  Hesperetin 15.2 301 3.3/11 5.3 0.83
23  Luteolin 15.4 285 6/19.4 6.9 4.4
24 Kaempferol 15.4 285 2/7 5.2 8.6
25  Apigenin 17.3 269 0.1/0.3 5.3 1.12
26 Rhamnetin 18.9 315 0.2/1 6.1 0.7
27  Chrysin 21.1 253 0.05/0.17 5.3 ND

RTa: Retention time, Parent ion (m/z)*: Molecular ions of the standard compounds, R2¢: Coefficient of determination, RSD¢:
relative standard deviation, Uf (%): Percent relative uncertainty at 95% confidence level, Values in pg/g (w/w)¢ of plant
methanol extract, ND: not detected.

Table 6. DPPH scavenging activities in root extracts of S. aegyptiaca L.
Cizelge 6. S. aegyptiaca L.'nin kék ekstraktlarinin DPPH aktiviteleri
DPPH radical scavenging activity (%)

Methods Solvents! Extract volume (mL) BHT volume (mL)2

0.1 0.2 0.3 0.1 0.2 0.3

Conventional3 MeOH 98.5 97.9 97.5 90.4 92 90
Microwavet MeOH 98.7 98.3 98.5 90.4 92 90
ASE5 MeOH 98.8 98.3 97.6 90.4 92 90
Conventional® EtOH 98.5 98.2 97.5 67.4 66 78.3
Microweve? EtOH 98.4 97.9 97.5 67.4 66 78.3
ASE3 EtOH 98.5 98.5 98.1 67.4 66 78.3

IMeOH: methanol, EtOH: ethanol, ASE: Accelerated solvent extraction,253 mg/L, 30.0183 mg/ml,40.0188 mg/ml,50.0264
mg/ml,®0.0162 mg/ml,70.0183 mg/ml,80.0231 mg/ml

With ethanol and methanol extracts and increasing than 0.1 ul. This was supported by earlier research
DPPH radical concentrations, the DPPH radical (Enayat et al., 2009; Sonboli., 2010). The presence of
scavenging activity of S. aegyptiaca L. roots increased. significant levels of phenolic chemicals such gallic acid,
The experiment by Sulaiman et al. (2013) obtained the quinic acid, malic acid, chlorogenic acid, caffeic acid
same results. The results showed that in methanol and salicylic acid may be the cause of the S. aegyptiaca
extract with microwave extraction, DPPH radical L. root's considerable antioxidant activity in methanol

scavenging at 0.2 ul was greater than 0.3 pl but less and ethanol extracts (Li et al., 2000; Zheng et al., 2001;
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Mokbel et al., 2005; Proestos at al., 2005; Farah et al.,
2006; Gorzalczany et al., 2008; Shabir et al., 2011;
Zhang et al., 2013).

Salix aegyptiaca’s antimicrobial activities

Antimicrobial capacity is the applicable reason for
controlling  microorganisms 1in  contamination
treatments and food degradation. There are plenty of
experiments to indicate plant extracts' antimicrobial
and biological activities. To assess the antibacterial
properties of S. aegyptiaca L. roots extract, the disc
diffusion method was used with ethanol, methanol,
and water as solvents. The tests were carried out
against 11 microorganisms, which included 3 Gram(-),
4 Gram(#), and 4 fungi (disc concentration: 25
mg/disc). The results are shown in Table 7.
Additionally, Table 8 provides a summary of the
impacts of synthetic antibiotic activity against
bacteria. This study is the first to document the root
extracts' antibacterial properties. The varying sizes of
the inhibition zones for all of the actions against the
organisms made the S aegyptiaca L. extract
statistically significant (p<0.05). Test results are
shown in Table 7. The S. aegyptiaca L. inhibitory zones
range from 11-24 and 12-26 mm for bacteria and fungi,
respectively. Using the ASE technique, the highest
inhibitory zone against C. albicans ATCC10231 was 26
mm. While S. aureus Cowanl had a minimum
inhibitory zone of 11 mm in a water extract using a
traditional extraction method. Additionally, neither C.
utilis NRRL-Y-900 nor S. cerevisiae WET136 had an
inhibitory zone. The outcomes demonstrated that the
B. megaterium DSM32 (24 mm) zone of inhibition was
significantly decreased by the methanol extract of the
roots made using the ASE method (Table 7). These
results are better than those of Hussain et al. (2011)
but lower than those of Digrak et al. (2001). The
experiment's utilization of different plant species,
locations, heights, and plant parts may be the reason
for this dissimilarity. The inhibitory zones against .S.
aureus, E. coli, K. pneumonia, and M. Iuteus that were
produced by conventional and microwave water
extracts were also validated by earlier research
(Bonjar et al., 2004). The outcomes demonstrated that
M. luteus LA2971 was impacted by all extracts, except
water extract employing conventional extraction, with
zone inhibition varying from 12 to 21 mm (Table 7).
This outcome was superior to that of Ates et al. (2003).

Additionally, ethanol and methanol extracts utilizing
ASE and conventional extractions had higher
inhibitory zones against B. subtilis, ranging from 16.3
to 22.3 mm. This outcome was better than Ayepola et
al. (2008). According to Angioni (2006), who reported
that the antimicrobial activity of plant extract varies
from different searches conducted in various zones, the
antibacterial activity of a plant extract can vary
depending on the age of the plant, collection time,
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freshness, physical factors (water, temperature) and
extraction process. This could be due to several things,
including the influence of the temperature, the quality,
quantity, and content of the extracted product, as well
as different bacterial strain sources. However, with
microwave extraction in methanol, and ethanol as well
as in water extract with traditional extraction, the
inhibitory zone values against B. subtilis were 13—15
mm (Ayepola et al., 2008). The antibacterial properties
of S. aegyptiaca L. roots in methanol extracts were
comparable to those found by Ali et al. (2010), against
S. Aureus, K. Pneumonia, E. coli, and P. aeruginosa.
The outcomes against K. Pneumonia, £. coli, and S.
aureus in ethanol extracts using all extraction
techniques were also comparable to those of Hussein et
al. (2011). Whereas, the outcomes were better than
that of Al-Kadum et al. (2008). The dissimilarity
among results could be owing to solvents, plant
species, and plant parts used in this investigation.
Using organic solvents is better than using water for
antimicrobial activity. Methanol and ethanol root
extracts have shown powerful antimicrobial effects
against all strains. According to some research, water
is not as effective as other solvents, like methanol or
ethanol, for the extraction of antibacterials (Parekh et
al., 2005). The G(-) bacteria were shown to be more
resistant than the G(+) bacteria in all of the outcomes
(Palombo et al.,, 2011). That could be differences
between bacteria’s cell structures. Because of their
exterior membrane, G(-) bacteria are thought to be
more resistant (Kaye et al., 2004). When compared to
Gentamicin 10 g/ml, S. aegyptiaca L. displayed poor
antibacterial activity, however, it was effective against
practically all bacteria when compared to Ampicillin
10 g/ml (refer to Table 8). The roots' antibacterial
properties may be explained by the presence of more
phenolic compounds such as salicylic acid, chlorogenic
acid, 4-hydroxybenzoic and coumaric acid (Proestos et
al., 2005; Shabir et al., 2011), rutin and caffeic acid
(Coneac et al., 2008), quinic acid (Farah et al., 2006),
gallic acid (Akiyama et al., 2001), malic acid (Mokbel
et al., 2005). According to methanol extracts and the
ASE technique, the maximum inhibition zone against
C. albicans was 26 mm (Table 7).

Additionally, employing methanol and ethanol
extracts for traditional and microwave extraction
procedures, respectively, 12 mm of the Y. lipolytic
inhibition zone was obtained. Furthermore, it was
shown that S. cerevisiae and C. utilis had higher
resistance to the plant extracts. Antifungal activity
results are compiled in Table 7. The roots of S
aegyptiaca L. displayed varying levels of antifungal
activity. As a result of employing the ASE approach,
methanol extracts provided the maximum inhibition
zone (26 mm) against C. albicans, according to the
data.



KSU Tarim ve Doga Derg 27 (6), 1237-1248, 2024 Arastirma Makalesi
KSU J. Agric Nat 27 (6), 1237-1248, 2024 Research Article

Table 7. Root extract inhibition zones (mm) against microorganisms
Cizelge 7. Mikroorganizmalara kars: kok ekstrakti inhibisyon bélgeleri (mm)
Inhibition zone (mm)!

Extraction
Conventional Microwave Accelerated solvent
Microorganisms Water EtOH MeOH Water EtOH MeOH EtOH MeOH
B2 Mean 11.6 18 19 ND 16.3 17 19 24
SD +0.57 +0.6 +0.6 ND +0.6 1 +0.6 1
B11 Mean ND 15 14.6 11.3 15.3 15.3 16.3 17.3
SD ND 1 +0.6 +0.6 +0.6 +0.6 +1.2 +1.2
B13 Mean ND 14.3 17.0 ND 14 13 16 18.6
SD ND +0.6 +1.0 ND +1.52 1 1 +0.6
B19 Mean ND 17 16 ND 13.6 15.3 18 17.3
SD ND 1 1 ND +0.6 +1.2 1 +0.6
B20 Mean 11 16 14.6 ND 14 17.3 15 19.3
SD 0.0 +0.6 +0.6 ND 1 +0.6 +0.6 +1.52
B25 Mean ND 18.3 16.0 12 14.3 12 19.3 21
SD ND +0.6 1 1 +0.6 +0.6 +0.6 +1.73
B29 Mean 13 16.3 19.3 ND 15 15 19 22.3
SD 0.0 +0.6 +0.6 ND +0.6 1 +1.73 +1.52
M1 Mean 15.3 23.3 23.3 18 20.3 23.3 24.3 26
SD +0.57 +1.5 +0.6 +0.6 +0.6 +1.5 +1.5 +4.04
M2 Mean ND ND ND ND ND ND ND ND
SD ND ND ND ND ND ND ND ND
M3 Mean ND ND ND ND ND ND ND ND
SD ND ND ND ND ND ND ND ND
M4 Mean ND 14 12 13 12 14.3 17 20
SD ND +0.6 +0.57 +0.6 +0.6 +0.6 +0.6 +0.6

B2: B. Megaterium, B11: K. Pneumoniae, B13: E. Coli, B19: P. Aeruginosa, B20: S. Aureus, B25: M. Luteus, B29: B. Subtilis,
M1:C. Albicans, M2:C. Utilis, M3:S. Cerevisiae, M4:Y. Lipolytica, ASE: A. solvent extraction, ND: not detected, EtOH: ethanol,
MeOH: methanol, 'The values presented as mean + SD of three replications; Mean differences were statistically classified as
significant (p< 0.05). P- value (0.00)

Table 8. Synthetic antibiotics' effects on This did not line up with the findings of the Bonjar et
_ microorgamsms ‘ al. (2004) study, which showed no inhibition of C.
Cizelge 8.  Sentetik antibiyotiklerin mikroorganizmalar albicans growth. Laurus nobilis extract according to

lizerindeki etkileri
Inhibition zone (mm)?
Ampicillin  Gentamicin Nystatin/

Digrak et al. (2001), was ineffective against C.
albicans. The plant species, extract type, and

Microrganism ° concentration all affect the extracts' antifungal

: 10 pg/ml 10 pg/ml units  gctivity. The inhibition zones for C. albicans with all

B. megaterium 7£0.6 35+0.6 . investigated techniques for methanol and ethanol
K. pneumoniae - 44+2 - extracts ranged from 20.3 to 26 mm. According to
E. coli - 34.3+1.52 - Aneja et al. (2009) and Sulaiman et al. (2013), this was
P. aeruginosa 6+0.0 34.3+1.2 - accurate. According to their findings, Amomum
S. aureus 6.3+0.6  36.3+1.52 - subulatum fruit extracts inhibited C. albicans (29.3
M. luteus 9.3+0.6 35+1.15 - mm) growth. . arborea and M. piperita extracts also
B. subtilis 6.3+0.6 39+1.15 - demonstrated antifungal efficacy against C. albicans
C. albicans - - 15+0.6 mm and A. Niger 18-23 mm, according to Ertirk
C. utilise - - 18+0.6 (2006). The C. albicans and Y. lipolytic demonstrated
S. cerevisiae - - 14+0.6 moderate antifungal activity in the water extracts with

Y. lipolytica - - 13+0.0 traditional and microwave extractions 13—-18 mm
(9): no inhibition zone.l'The values presented as mean respectively. This outcome was somewhat comparable
+ SD of three replication to that of Ertiirk et al. (2006), who noted that M.

officinalis, P. nigrum, C. annual, and C. cyminum
extracts had antifungal activity against C. albicans
with inhibition zones ranging from 10 to 16 mm.
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Additionally, these findings showed that C. utilize and
S. cerevisiae were more resistant to all extracts carried
out using different techniques. Similarly, Bonjar et al.
(2004) also supported this finding. Tested methanol
and ethanol extracts had stronger antifungal effects
than the common antifungal nystatin against C.
albicans and Y. Ilipolytica. The outcomes of the water
extract, however, were comparable to those of the
synthetic medicine nystatin (Table 7). This could be
explained by the presence of gallic acids (Akiyama et
al., 2001; Panizzi et al., 2002) and quinic acid (Zhang
et al., 2013) or phenolic and flavonoids compounds
(Zidon et al., 2005). It could be the presence of
chlorogenic, salicylic, caffeic, and 4-hydroxybenzoic
acids. The antibacterial capabilities of each of the
phenolic compounds found have been confirmed
(Proestos et al., 2005).

CONCLUSIONS

Salix aegyptiaca L. Roots were examined for their
chemical composition and biological properties.
According to the latest information, it seems obvious
that S. aegyptiaca has good chemical effects as well as
(especially) antioxidant, and antimicrobial activity. It
is also recommended that isolated chemicals
discovered in this study be put to use in the creation of
fresh antibacterial and antioxidant medications. These
plant chemicals could possess anti-inflammatory and
antioxidant properties, their potential to prevent
oxidative stress and inflammation, which are major
causes of disease, including cancer, needs further
investigation. Because of these features, considerable
biological and chemical investigations should be
conducted on human metabolism and must be focused
on future studies. Eventually, this research shows that
S. aegyptiaca could be utilized in new medicinal drugs
and supply the main information for further research
on therapeutic plants. It would be recommended that
S. aegyptiaca farming must be available place.
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ABSTRACT

Plant species contain many secondary metabolites, and these compounds
differ from species to species. These differences in the concentrations of
these compounds have many health implications. Today, studies on
plants' antioxidant and antibacterial effects are gaining importance. In
particular, the adverse effects of some existing antibiotics and the
constant development of bacterial resistance are leading to the search for
new natural antimicrobial agents. In this study, methanol, ethanol, ethyl
acetate, acetone, and chloroform extracts were obtained from the aerial
parts of Marrubium bourgaer Boiss and Glaucium alakirensis Aykurt,
K.Yildiz & A.Ozcandir, and Peucedanum alpinum B.L.Burtt & Davis,
species which are naturally distributed in Turkiye. The antioxidant
activity of the extracts was determined by the DPPH (2,2 Difenil-1-
pikrihidrazil) and ABTS (2,2' azino-bis(3-ethylbenz-thiazoline-6-sulfonic-
acid)) methods, the total phenolic content by Folin-Ciocalteu method, the
total flavonoid content by aluminium chloride colorimetric method, and
the antibacterial activity against ten bacteria by the disc diffusion
method. According to the results, methanol, ethanol, and acetone extracts
had higher antioxidant activity, total phenolic, and total flavonoid
contents than other extracts. However, the total flavonoid content of M.
bourgaer was higher in the ethyl acetate extract. When evaluated for
their antibacterial activity, ethanol, chloroform, and ethyl acetate in P.
alpinum, chloroform in M. bourgaei, and methanol, chloroform, and ethyl
acetate in (. alakirensis extracts showed antibacterial activity against
more bacteria than others. This is the first study to evaluate and compare
the total phenolic and flavonoid content, and antioxidant and
antibacterial activities of 5 different extracts of these plants.

OZET

Bitki tirleri birgok ikincil metabolit igerir ve igermis olduklari bu
bilesikler tirden tire farklilhk gostermektedir. Bitkilerin ikincil
metabolitlerinin konsantrasyonlarindaki bu farklhihiklarin saghk
uzerinde farkli etkileri vardir. Bitkilerin antioksidan ve antibakteriyel
etkileri tlizerine yapilan c¢alismalar giiniimizde yeniden Onem
kazanmaktadir. Ozellikle mevcut baz1 antibiyotiklerin olumsuz etkileri
ve stirekli olarak artan bakteriyel direng, yeni ve dogal antimikrobiyal
ajan arayisina neden olmaktadir. Bu ¢alismada, Tirkiye'de dogal olarak
yayilis gosteren Marrubium bourgaei Boiss, Glaucium alakirensis
Aykurt, K.Yildiz & A.Ozcandir ve Peucedanum alpinum B.L.Burtt &
Davis tiirlerinin toprak tistii kistmlarindan metanol, etanol, etil asetat,
aseton ve Kkloroform kullanilarak ekstraktlar elde edilmistir. Bu
ekstraktlarin antioksidan aktiviteleri DPPH (2,2 Difenil-1-pikrihidrazil)
ve ABTS (2,2' azino-bis(3-etilbenz-tiazolin-6-siilfonik-asit))
yontemleriyle, toplam fenolik madde igerikleri Folin-Ciocalteu
yontemiyle, toplam flavonoid madde igerikleri ise aliminyum klorir
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kolorimetrik yontemi ile belirlenmigtir. Ayrica elde edilen bu bitkisel
ekstraktlarin antibakteriyel aktiviteleri disk diflizyon yontemi
kullanilarak on bakteri i¢cin degerlendirilmistir. Elde edilen sonuglara
gore, bitkilerin metanol, etanol ve aseton ekstraktlar1 diger
ekstraktlarindan daha yuksek antioksidan aktivite, toplam fenolik ve
flavonoid madde igerigine sahiptir. Ancak, M. bourgaernin toplam
flavonoid madde icerigi etil asetat ekstraktinda daha yiksek
bulunmustur. Ekstraktlarin antibakteriyel aktiviteleri
degerlendirildiginde, P. alpinum'da etanol, kloroform ve etil asetat, M.
bourgaeide kloroform, G. alakirensisde ise metanol, kloroform ve etil
asetat ekstraktlar: diger ekstraktlara gore daha fazla bakteriye karsi
etkilidir. Gergeklestirilen bu ¢alisma, kullanilan bu ¢ bitkinin beg farkl:
ekstraktinin toplam fenolik madde igerigini, toplam flavonoid madde

icerigini,
degerlendiren ve karsilagtiran ilk ¢calismadar.

antioksidan aktivitelerini ve antibakteriyel aktivitelerini

Atf I¢in :
Marrubium bourgaer,
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INTRODUCTION

Since the existence of humanity, plants have been used
both as food and for medicinal purposes (Dubick, 1986;
Johns, 1990; Balick & Cox, 1996). In recent years,
bioactive compounds from plants have been
increasingly preferred, mainly because of the potential
side effects of synthetic compounds (Naveed et al.,
2018). The unnecessary and unconscious use of
antibiotics has increased bacterial resistance to
antibiotics and led to numerous side effects and
various clinical problems in patients (Hughes &
Andersson, 2017). Therefore, in recent years, the
search for new antimicrobial agents from plants and
the elaboration of information on the possibilities of
using phytochemicals in this context has gained
renewed attention (Savoia, 2012; Vaou et al., 2021).

One of the plants used in this study, Glaucium
alakirensis was recently discovered in the Alakir
Valley (Kumluca, Antalya) and has a minimal
distribution range (Aykurt et al., 2017). Moreover,
there 1s very limited information on the
pharmacological and phytochemical properties of G.
alakirensis. However, numerous studies have been
conducted on closely related species. For example, G.
flavum Crantz is one of the most intensively
researched species within this genus. Various
medicinal properties are attributed to this plant, such
as antioxidant, bronchodilator, antitussive, and
hypoglycemic effects (Arafa et al., 2016).

Marrubium bourgaei, which is native to Turkiye, is
only found in high mountainous regions. The species of
this genus are recognized for their various health-
promoting effects and are used in traditional medicine
to treat ailments such as asthma, hypotension, and
pain relief (Bardai et al., 2001). Furthermore, several
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species of this genus contain various secondary
metabolites of biological importance, including
diterpenes, polyphenols, steroids, phenylpropanoids,
and flavonoids (Hamedeyazdan et al., 2014).

Peucedanum alpinum B.L.Burtt & Davis is only
known from the regions of Antalya (Tiirkiye) and Crete
(Greece). The specialised roots of the genus
Peucedanum L. have been used in traditional Chinese
medicine for over 1500 years to cure heat and
congestion in the lungs (Skalicka-Wozniak et al.,
2010). The leaves of some species are also said to have
healing properties for tissue injuries (Danna et al.,
2022). Information on P. alpinum species is very
limited; there are no studies on their phytochemical or
pharmacological properties.

In this study, methanol, ethanol, ethyl acetate,
acetone, and chloroform extracts were obtained from P.
alpinum and the species G. alakirensis and M.
bourgaer endemic to Turkiye. In selecting the plant
species for this study, certain factors were considered
that make these plants particularly interesting. First
of all, these plants are endemic to Turkiye indicates
that they have a potential uniqueness in terms of their
chemical composition and bioactive compounds.
Secondly, these species belong to plant families known
for their medicinal properties: Lamiaceae (Uritu et al.,
2018), Apiaceae (Sayed-Ahmad et al., 2017),
Papaveraceae (Zielinska et al., 2021) and literature
studies have shown that close relatives of these plants
also show good results in terms of their health
properties. Finally, the antioxidant activity, the total
content of flavonoids and phenols, and the
antibacterial activity of the five different extracts of
these three species were analyzed and compared for
the first time in this study.
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MATERIALS and METHODS
Collection of Plant Materials

The plant materials used in this study were collected
in the alpine and sub-alpine zones of the Western
Taurus Mountains. P. alpinum (M. Giilben 1040 & E.
Delik, AKDU 6365) and G. alakirensis (M. Giilben
1042 & E. Delik, AKDU 6367) were collected from
screes and slopes between the Dibek Nature Reserve
and the Kirkmuar Plateau at an altitude of 1330 m in
Kumluca (Antalya/Tirkiye), which is also the type
location of G. alakirensis. Meanwhile, M. bourgaei (M.
Gilben 1041 & E. Delik, AKDU 6366) was collected at
the entrance of the high mountain plain of the Kirmuar
Plateau (2000 m), 6-7 km southwest of the other two
species' location. The identities of the plants were
determined by the plant systematists C. Aykurt and
M. Gdlben.

Plant Extraction

The protocols used by Berber et al. (2013) and
Gonelimali et al. (2018) were used to prepare the plant
extracts with minor modifications. Fresh plant
samples brought from the field to the laboratory were
allowed to dry at room temperature (RT) in the shade.
The samples dried for about 15-20 days were
pulverised using a mechanical grinder. The pulverised
plant samples (10 g) were placed in 100 mL of solvent
(Merck, Germany) (ethanol, methanol, acetone, ethyl
acetate, chloroform ) and shaken gently overnight in a
shaker. Then each solvent was filtered separately with
filter paper (Whatmann No:1), and the samples were
placed in a fume hood to evaporate the solvents. After
drying, the obtained residues were stored at +4°C to be
used for the experiments. In each experimental study,
the extracts were prepared at concentrations of 1 mg
mL by dissolving in dimethyl sulphoxide (DMSO)
(Merck, Germany).

Antioxidant Measurements with ABTS Free Radical
Scavenging Method

The plant extracts were subjected to the ABTS radical
scavenging assay according to the protocol described
by Xiao et al. (2014). The ABTS reagent was prepared
by reacting 7 mM aqueous ABTS solution (Sigma
Aldrich, USA) and 2.45 mM K3S:0s (Sigma Aldrich,
USA) for 16 h at RT in the dark. Then the ABTS+ stock
solution was diluted with pure ethanol until it reached
an OD of 0.70 at A 734. 4 mL of the ABTS* stock solution
was added to 1 mL of the sample and incubated at RT
for 6 min. Then the absorbance value of the samples
was measured at 734 nm and the radical scavenging
capacity (%) was calculated using Equation (1).

(Absorbancecontroi—Absorbancesample)

%Inhibiton = x 100(1)

Absorbancecontrol
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Antioxidant Measurements with DPPH Free Radical
Scavenging Method

The plant extracts were subjected to the DPPH radical
scavenging assay according to the protocol described
by Subhasree et al. (2009). Initially, a 6x10% M
methanol solution of DPPH (Sigma Aldrich, USA) was
prepared. Subsequently, 3 mL of the methanol (Merck,
Germany) of DPPH was added to 100 uL of the samples
and mixed well. The prepared samples were stored at
RT in a dark environment for 15 min. Then, the
absorbance values of the samples were measured at
516 nm and the % DPPH radical scavenging capacity
was calculated using Equation (1).

Evaluation of Total Phenolic Substance Content

The total phenolic substance content in the plant
extracts was analyzed by a colourimetric method based
on the Folin-Ciocalteu (FC) reagent (Skerget et al.,
2005). The FC reagent was formulated according to the
procedure described by Singleton & Rossi, (1965)
outlined. 2.5 mL of the FC reagent (diluted 1:10) was
added to 500 uL of the samples and incubated for 2
min. Then, 2 mL of Na2COs (7.5%) (Sigma Aldrich,
USA) was added to the samples, and the samples were
vortexed for 30 s. The vortexed samples were kept at
50°C for 5 min. The absorbance values of the samples
were measured at A 760, and the gallic acid equivalents
of the samples (mg mL'* GAE) were calculated.

Evaluation of Total Flavonoid Substance Content

The total flavonoid content in the plant extracts was
assessed using the aluminum chloride colourimetric
method (Ghasemi et al., 2009). 1.5 mL of methanol
(Merck, Germany), 100 pL AICIs (10%) (Sigma Aldrich,
USA), 100 pL CH3CO:2K (1 M) (Sigma Aldrich, USA),
and 2.8 mL distilled water were added to 500 uL of
each of the plant extracts, and the samples were
incubated at RT for 30 min. After incubation, the
absorbance values of the samples were measured at A
415, and the quercetin equivalents (mg QE mL1) were
calculated.

Determination of Antibacterial Activity

The antibacterial activity of the plant extracts was
determined using the disc diffusion method (Bauer,
1966). In the experiments, Klebsiella pneumoniae
(ATCC 13883), Escherichia coli (K55), Staphylococcus
epidermidis (ATCC 12228), Staphylococcus aureus
(ATCC 29213), Bacillus subtilis (PY79), Pseudomonas
aeruginosa (ATCC 27853), Bacillus cereus (DSM
22648), Salmonella enterica (LT2), and clinical isolates
of Proteus mirabilis and Listeria monocytogenes were
used. The clinical bacterial isolates were provided by
Prof. Dr. Meral Dilara Ogiing (Akdeniz University,
Antalya, Tiirkiye).
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The bacteria were adjusted to 0.5 McFarland in NaCl
(0.85%) solution (Merck, Germany) and spread on
Mueller-Hinton Agar medium (MHA) (Merck,
Germany). 30 pL plant extracts containing
antibiogram discs (Bioanalyse, Tiirkiye) were placed
on inoculated MHA. In the experiments, kanamycin
discs (30 pg) (Cayman Chemical, USA) were used as
positive controls, and antibiogram discs impregnated
with 30 u. DMSO as negative controls. The Petri
dishes were placed in an incubator at 37°C for 24 h and
then the zone diameters were measured.

Statistical Evaluation

Experiments were conducted in triplicate, and
statistical analyses were carried out utilizing one-way
analysis of variance (ANOVA) (IBM SPSS 22 software
was used (SPSS, USA)). The Tukey test was used to
perform multiple comparisons. Data were presented as
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mean + standard deviation and statistical significance
was determined at p<0.05.

RESULTS AND DISCUSSION

Antioxidant Measurements with ABTS Free Radical
Scavenging Results

The ABTS assay is an antioxidant assay based on the
formation of the blue-green ABTS+ radical and can be
applied to both hydrophilic and lipophilic antioxidant
systems (Kim et al., 2002). This study investigated the
ABTS radical scavenging capacity of the plant extracts
obtained with different solvents (Figure 1). When the
ABTS activities of the plants were analyzed, the
highest ABTS activities were found in the methanol,
ethanol, and acetone extracts of the plants. P.
alphinum had the highest ABTS activity in all 3
extractions.

m Acetone B Chloroform

89.9b

88.3 ¢
S Co T 88.8¢

] 411 e

alakirensis

Plant Extracts

Figure 1. ABTS radical scavenging capacity of plant extracts (%) (different superscripts indicate a statistically

significant difference (p<0.05))

Sekil 1. Bitki ekstraktiarinin ABTS radikal temizleme kapasitesi (%) (farkli tist simgeler istatistiksel olarak

anlamli bir farki gésterir (p<0.05))

It was found that the chloroform extracts of M.
bourgaei had the lowest value in terms of ABTS
scavenging capacity (p<0.05), while the methanol
extract of M. bourgaei had the highest ABTS radical
scavenging capacity (p<0.05). Yumrutas and
Saygideger (2010), in their study with M. parviflorum
Fisch. & Mey. and Lamium amplexicaule L., found
that the ABTS activity of methanol extracts of the
plants was higher than that of hexane extracts. In
another study, Okur et al. (2019) reported that
methanol extracts of M. vulgare L. had higher ABTS
activity compared to trolox. Hayat et al. (2020)
reported that ethanol extracts of M. vulgare from two

different regions in north-eastern Morocco showed
higher ABTS activity. They also stated that extracts
prepared with polar solvents such as ethanol and
methanol would give better results in ABTS and DPPH
experiments than extracts prepared with intermediate
or weakly polar solvents.

According to the findings, there was no statistical
difference between methanol, ethanol, and acetone
extracts of P alpinum (p>0.05); however, the
chloroform extract of the plant had the lowest ABTS
scavenging capacity compared to the other extracts.
The lowest ABTS scavenging capacity of the
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chloroform extract may be because chloroform has the
lowest polarity of the solvents used. In their study,
Matejié et al. (2013) found that the highest ABTS
activity was found in water extracts of P. longifolium
Waldst. & Kit. and P. aegopodioides (Boiss.) Vandas,
ethyl acetate extract of P. alsaticum and acetone
extract of P. officinale, but there was no ABTS activity
in ethyl acetate and acetone extracts of P.
aegopodioides species. Moreover, Danna et al. (2022)
showed that the ethanol extracts of the leaf had higher
ABTS activity than the ethanol extracts of the root of
P. ostruthium (L.) Koch. Furthermore, they stated that
this is because the plant's fresh leaves have more
phenolic and flavonoid compounds than the roots.

It was found that the samples from methanol
extractions of G. alakirensis were significantly higher
than the other extraction samples (p<0.05). Ozsoy et
al. (2018), in their study of the methanolic extract of G.
grandiflorum Boiss. & A.Huet var. grandiflorum,
stated that ABTS scavenging activity was close to that
of the routine used as a control. Alali et al. (2007)
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reported in their study in Jordan that the ABTS
activity of water and methanol extracts of G.
aleppicum Boiss. & Hausskn. showed the highest value
among 95 species.

Antioxidant Measurements with DPPH Free Radical
Scavenging Results

When the DPPH activities of the samples were
evaluated, a similar pattern was observed as for the
ABTS scavenging activity, and the samples from the
chloroform extraction showed a lower DPPH
scavenging capacity than the other extracts for all
plants (Figure 2) (p<0.05). When the DPPH scavenging
capacity of the plants was evaluated, the highest
DPPH scavenging capacity was found in the methanol,
ethanol, and acetone extracts of the plants. G.
alakirensishad the highest DPPH scavenging capacity
in methanol and ethanol extracts. In addition, P.
alpinum had the highest DPPH scavenging capacity
among the acetone extracts of the plants.
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Figure 2. Ability of plant extracts to bind DPPH radicals (%) (different superscripts indicate a statistically

significant difference (p<0.05))

Sekil 2. Bitki ekstraktlarinin DPPH radikallerini baglama yetenegi (%) (farkl iist simgeler istatistiksel olarak

anlamli bir farki gosterir (p<0.05))

DPPH experiments use a radical that dissolves in
organic solvents (such as alcohol). Therefore, DPPH is
only applicable to hydrophobic antioxidant systems
(Kim et al., 2002). Few studies are addressing the
effects of different extraction solvents on the biological
activities of the plant samples used in this study. In
particular, too much attention has been paid to
publications using the essential oils of Marrubium.
However, studies on the essential oil of Marrubium are
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widely available and it is found that the methanol
extract of Marrubium has better biological activities.
For example, Sarikurkcu et al. (2008) evaluated the
antioxidant properties of the methanol extracts and
essential oil of M. globosum Montbret & Aucher and
reported that the lowest DPPH radical scavenging
activity was found in the essential oil and the strongest
antioxidant activity was found in the methanol extract.
Similarly, in this study, the methanol extract of M.
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bourgaei showed the highest DPPH scavenging
activity (p<0.05). Yumrutas and Saygideger (2010)
stated that the antioxidant effect of methanol extracts
might be related to the presence of various compounds
such as polar thermolabile and/or thermostable
phenols. Chemsa et al. (2016) reported in their study
with the methanol extracts and essential oil of M.
deserti (de Noé) Coss. that the methanol extract
showed high antioxidant activity in DPPH analysis,
while the essential oil showed weak activity.
Furthermore, their findings indicated that polar
extracts exhibited greater antioxidant activity
compared to non-polar extracts. According to Kumoro
et al. (2009), the polarities of the solvents used in this
study can be listed as methanol, acetone, ethanol, ethyl
acetate, and chloroform from strong to weak, and
therefore methanol extracts of P. alpinum and M.
bourgaer are thought to have higher antioxidant
activity. Sarikurkcu et al. (2020) investigated the
enzyme inhibitory and antioxidant activities of water,
methanol, and ethyl acetate extracts of M. lutescens
Boiss. & Heldr. and reported that the water extract
exhibited the highest antioxidant capacity, followed by
the methanol extract.

In this study, there was no significant difference in
DPPH activity of methanol and acetone extracts of P.
alpinum (p>0.05). Kim et al. (2018) evaluated the
antioxidant properties of water, hexane, ethyl acetate,
and ether extracts of the plants Saposhnikovia
divaricata (Turcz. ex Ledeb.) Schischk., P. japonicum
Thunb., and Glehnia littoralis (A.Gray) F. Schmidt and
found that ether and ethyl acetate extracts of P.
japonicum had higher DPPH scavenging activity
compared to the other extracts. Similarly, Sarkhail et
al. (2013) investigated the antioxidant activities of
hydroalcoholic extracts of P. knappii Bornm. (n-
hexane, dichloromethane, ethyl acetate, and water)
and reported that ethyl acetate exhibited the highest
antioxidant activity. They also isolated two flavonol
glycosides, isorhamnetin-3-O-B-D-glucopyranoside,
and rhamnetin-3-O-B-D-glucopyranoside, which are
considered to be effective tyrosinase inhibitors and
antioxidants from the ethyl acetate extract of 2.
knappii. However, in the study, the antioxidant
activity of the methanol and acetone extracts of P.
alpinum was higher. Al et al. (2012) evaluated the
antibacterial and antioxidant activity of the methanol
extract of P. zenkeri Engl. and reported that the DPPH
scavenging capacity of 1 mg mL ! methanol extract was
93.39%. They also stated that this high antioxidant
activity could be due to phenolic compounds,
anthraquinones, flavonoids, tannins, and
anthocyanins. However, in this study, the methanol
extract of P. alpinum was found to have a DPPH
scavenging capacity of 35%. The antioxidant activity of
the plant varies depending on the developmental stage
of the plant, plant tissue, plant species, and
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environmental factors such as light, temperature, and
water stress (Upadrasta et al., 2011; Zlatié et al.,
2019). Therefore, these factors may have caused
differences in biological activity between plant species
belonging to the same genus.

In this study, the ethanol extract of G. alakirensis had
the highest DPPH scavenging capacity (p<0.05).
Ozgandir et al. (2024) showed that the ethanolic
extract of G. alakirensis had higher antioxidant
activity than rosmarinic acid and caffeic acid, which
were used as positive controls. They also reported that
the ethanolic extract of the plant contained phenolic
substances such as chlorogenic acid (32.95 ppm),
catechin (39.08 ppm), hydroxybenzoic acid (28.37
ppm), gallic acid (5.57 ppm), and quercetin (0.73 ppm).
In their research with G. grandiflorum, Ozsoy et al.
(2018) showed that the methanol extract of the plant
had significant DPPH activity, but this capacity was
lower than that of rutin, which they used as a control.
In their study with G. flavum, Boulaaba et al. (2019)
showed that the ethanol extract of the plant had a
higher radical scavenging capacity than the ethyl
acetate extract. In this study, the ethanol extract of G.
alakirensis also had a higher antioxidant activity than
the ethyl acetate extract. It is assumed that this is due
to the the polarity of ethanol, which is higher than that
of ethyl acetate (Kumoro et al., 2009).

Evaluation of Total Phenolic Substance Content
Results

Various antioxidant compounds, especially phenolic
compounds, are closely associated with the antioxidant
activity of a plant (Balasundram et al., 2006). Phenolic
compounds are prominent substances with antioxidant
functions for human health and are widely distributed
in plants (Karaman et al., 2022; Sahin et al., 2022).
When the total phenolic content of the plants was
evaluated in this study, all extracts of G. alakirensis
had higher total phenolic content than P. alpinum and
M. bourgael. There are no studies in the literature
investigating the effects of the different extraction
methods on the antioxidant activities of the plants
used in this study. This study is the first to determine
and compare the effects of 5 different extraction
methods on the total phenolic content of these plants
(Figure 3). However, similar studies on closely related
plant species can be found in the literature. In their
study, Sarikurkcu et al. (2018) evaluated the
antioxidant properties of the essential oil and hexane,
dichloromethane, methanol, ethyl acetate, and water
extracts of M. parviflorum and reported that the water
extract had the highest total phenolic content. They
also found that there was a significant correlation
between the total phenolic content and the DPPH
experiments of the extracts and that the antioxidant
activities of the extracts were directly dependent on
the amount of phenolic compounds. However, in this
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study, the methanol extract of M. bourgaer had the
highest phenolic content (p<0.05). Similar to the study
Sarikurkcu et al. (2020) investigated the enzyme
inhibitory and antioxidant effects of methanol, ethyl
acetate, and water extracts of M. Jutescens and
reported that the methanol extract had the highest
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total phenolic content (54.80 +0.52). They also stated
that different results obtained by using different
solvents may be related to the type of solvent used, the
analytical techniques, and the characteristics of the
samples..
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Figure 3. Total phenolic content of plant extracts (mg GAE mL) (different superscripts indicate a statistically

significant difference (p<0.05))

Sekil 3. Bitki ekstraktlarinin toplam fenolik madde igerikleri (mg GAE mL’) (farkl iist simgeler istatistiksel

olarak anlamli bir farki gésterir (p<0.05))

In this study, the methanol extract of P. alpinum had
the highest phenolic content (p<0.05). Kim et al.
(2018), in their study on P. japonicum extracts
obtained with different solvents (water, hexane, ethyl
acetate, ether), reported that the ether and ethyl
acetate extracts of the plant had higher total phenolic
content. They also stated that there was a correlation
between the total phenolic substance and the
antioxidant activities of the extracts. Mateji¢ et al.
(2013) compared the acetone, methanol, ethyl acetate,
and water extracts of four Peucedanum species and
reported that the total phenolic content of the extracts
ranged from 52.18-118.32 mg GAE g1. In the study, the
total phenolic content of P. alpinum extracts ranged
between 48-237 mg GAE mL1.

It was found that the acetone extract of G. alakirensis
had the highest phenolic content in the study (p<0.05).
In the study by Kocanci et al. (2017), the total phenolic
content of methanol extracts of G. acutidentatum
Hausskn. & Bornm. and G. corniculatum (L.) Curtis
was higher than that of the water extracts, but it was
not statistically different. Boulaaba et al. (2019)
reported in their study with G. flavum that the total
phenolic content of the plant's ethanol extract was
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higher than that of the ethyl acetate extract. They also
found that the number of phenolic compounds
identified in the ethanol extract such as caffeic acid,
syringic acid, isoquercitrin, trans-hydroxycinnamic
acid, catechin hydrate, and chlorogenic acid was higher
than the number of total compounds identified in ethyl
acetates such as trans-hydroxycinnamic acid, catechin
hydrate, and chlorogenic acid and that catechin
hydrate and isoquercitrin were the major components

Evaluation of Total Flavonoid Substance Content
Results

Flavonoids are secondary compounds commonly found
in plants with diverse bioactivities and potential
health benefits (Fu et al., 2021). This study is the first
to evaluate and compare the total flavonoid content of
5 different plant extracts. The data on the total
flavonoid content of the herbal extracts are shown in
Figure 4. The acetone extract of G. alakirensishad the
highest total flavonoid content of all plants (p<0.05).

No studies were found that demonstrate the effects of
the extracts from the plants used in this study on
biological activity. However, similar studies in the
literature on closely related plant species may be
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useful to compare the results. Interestingly, in this
study, the highest values for ABTS, DPPH, and total
phenolic content were found in the methanol extract,
while the highest value for total flavonoid content was
found in the ethyl acetate extract of M. bourgaer
(p<0.05). Sarikurkcu et al. (2018) evaluated the
antioxidant properties of essential oil and solvent
extracts (hexane, methanol, ethyl acetate,
dichloromethane, and water) of M. parviflorum and
reported that the methanol extract had the highest
content of total flavonoids. Sarikurkcu et al. (2020)
investigated the antioxidant and enzyme-inhibitory
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of M. lutescens and reported that the water extract had
the highest total flavonoid content (27.20 + 0.81), while
the methanol extract had the highest total phenolic
content (54.80+0.52). It is known that these changes
in total flavonoid content depend on the climatic
conditions and geography of the area where the plant
is collected, as well as the polarity of the solvent and
the type of extract (Hayat et al., 2020; Bouterfas et al.,
2016).
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Figure 4. Total flavonoid content of plant extracts (mg KE mL1) (different superscripts indicate a statistically

significant difference (p<0.05))

Sekil 4. Bitki ekstraktlarinin toplam flavonoid madde icerikleri (mg KE mL’) (farkl: iist simgeler istatistiksel

olarak anlamli bir farki gosterir (p<0.05))

The total phenolic content of plant extracts varies
depending on the temperature and time during the
extraction process, the polarity of the extraction
solvents, and the solubility of the phenolic substances
in the solvent used for the extraction process (Abozed
et al., 2014; Ozer et al., 2021). In the present study, the
acetone extract of P. alpinum had the highest phenolic
content (p<0.05). Matejié et al. (2013) evaluated the
antioxidant activity of extracts from four Peucedanum
species (methanol, ethyl acetate, acetone, and water)
and reported that the total flavonoid content of the
extracts ranged from 4.43 to 234.67 mg quercetin
equivalent (Qu) g! extract. Sarkhail et al. (2013)
investigated the bioactivity of P. knappii extracts
(dichloromethane, ethyl acetate, n-hexane, and water)
and reported that ethyl acetate had the highest total
phenolic and flavonoid content.

Similar to the results of total phenolic content, the

acetone extract of G. alakirensis had the highest total
flavonoid content (p<0.05). Boulaaba et al. (2019)
investigated the antioxidant properties of petroleum
ether, ethanol, and ethyl acetate extracts of G. flavum
and reported that the ethanol extract had the highest
total flavonoid content. Shaghaghi et al. (2019)
investigated the antioxidant properties of plants of the
genera Papaver and Glaucium from different
geographical regions of Iran and reported that the
highest total flavonoid content was found in G.
mathiolifolium Mobayen. Moreover, they reported that
the antioxidant activity and total phenolic and
flavonoid content varied among species as well as
among different organs of the plants.

Determination of Antibacterial Activity Results

Certain medicinal plants are promising as potential
reservoirs for new antibacterial agents (Koné et al.,
2004). In the study to demonstrate the antibacterial
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activity of the different plant extracts, kanamycin was
used as a positive control and was effective on all
bacterial strains; DMSO, which was used as a negative
control, was not effective on any bacterial strain (Table
1). In this study, while all extracts of M. bourgaei
showed antibacterial activity against B. cereus, P.
aeruginosa, and E. coli, they were not effective against
P. mirabilis and L. monocytogenes (Table 1).
Antibacterial studies on Marrubium essential oil are
more common in the literature. However, the methanol
extract of the plant was found to have better
antibacterial activity than the essential oil extracts.
For example, Chemsa et al. (2016) evaluated the
activities of the essential oil and methanol extract of
M. deserti in terms of Dbiofilm formation and
anticholinesterase and reported that the antibiofilm
activity of the methanol extract against six bacteria (S.
epidermidis, B. cereus, Micrococcus luteus,
Streptococcus mutans, S. aureus, B. subtilis) and
Candida albicans was higher than that of the essential
oil. Laouer et al. (2009), in their study, analysed the
chemical composition, antimicrobial and antioxidant
activity of the essential oil of M. deserti and did not
observe any antimicrobial activity against P.
aeruginosa, S. aureus, and FE. coli strains. In this
study, however, the methanol and ethyl acetate
extracts of M. bourgaer were particularly effective
against these three strains. Golmakani et al., (2016)
investigated the essential oil composition and
antibacterial properties of M. duabense Murata
essential oils and found that they only observed
antibacterial activity against Clostridium perfringens
and no effect against S. aureus, Salmonella, and E. coli.
However, in this study, the methanol extract of M.
bourgael was effective against these three strains.
Based on the results of this study, it can be said that
the extracts of M. bourgaer are at least as worthy of
research as their essential oil. It is known that small
hydrophilic molecules can easily pass through the
outer membrane of Gram-negative bacteria, a property
required for molecules with antibacterial activity.
Methanol is also a small molecule that can penetrate
the outer membrane and cause bacterial death (Kang
et al., 2011). In our study, we did not find that
methanol extracts were more effective against Gram-
negative bacteria. This may suggest that the difference
may be due to the selective effect of the secondary
metabolites extracted from the plant species on the
bacterial cells and not to the effect of the extraction
method alone. The antimicrobial activity of plant
extracts and essential oils varies according to their
secondary metabolites (such as alkaloids, polyphenols,
phenolic/flavonoid  compounds, sulfur-containing
compounds, terpenes, and coumarins). The
antimicrobial activity exhibits a wide range depending
on the alkylation of the glycosidic bonds of the OH
groups, the number, structure, and position of the
substituent groups, the type of plant, the topography,
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and the climate of the country where the plant was
collected (Vaou et al., 2021). Similarly, plant species
used in this study may have different antimicrobial
activities due to secondary metabolites.

In this study, ethanol, ethyl acetate, and chloroform
extracts of P. alpinum were effective against all
bacteria except S. enterica. The methanol extract was
effective against all bacteria except S. enterica and K.
pneumoniae. Acetone extract had the lowest
antibacterial activity and was not effective against B.
cereus, S. epidermidis, S. enterica, and B. subtilis
strains (Table 1). Similarly, Schillaci et al. (2003)
evaluated the pharmacological activities of acetone
extracts of P. nebrodense (Guss.) Nyman and observed
no antibacterial activity against the strains they used
(B. subtilis, S. aureus, Streptococcus agalactiae, P.
aeruginosa, E. coli, Candida albicans, and Candida
tropicalis). Kim et al. (2018) investigated the
antimicrobial activities of P. japonicum, S. divaricata,
and G littoralis extracts (water, ethyl acetate, hexane,
ether) and reported that only ether and ethyl acetate
extracts of P. japonicum showed antimicrobial activity.
Madumelu et al. (2013) evaluated methanol extracts of
P. winkleri H. Wolff. for its phytochemical component
and antimicrobial properties and reported that the
extract inhibited the growth of pathogens and was
comparable to the standard drugs used. However, they
were unable to demonstrate antibacterial activity
against S. pyogenes, P. aeruginosa, and Candida
kruser.

G. alakirensis all extracts were effective against K.
pneumoniae, E. coli, S. aureus, P. mirabilis, and L.
monocytogenes. In addition, ethyl acetate and acetone
extracts of the plant formed the same zone diameter as
the positive control for P. mirabilis. According to
Ozgandir et al. (2024), G. alakirensis ethanol extracts
were effective against S. aureus, E. faecalis, E. coli, P.
aeruginosa, C. albicans, and C. tropicalis  at
concentrations of 50-200 pg mL1. Plant extracts were
effective against microorganisms at concentrations of
50-200 pg mL!. However, Mojdeh et al. (2017)
reported that alkaloid fractions and methanol extracts
of G. aucheri and G. vitellinum were not effective
against bacteria and also Candida albicans. Morteza-
Semnani et al. (2005) investigated the antibacterial
activity of extracts from three Glaucium species and
found that methanol extracts were effective against
Gram-negative microorganisms, while chloroform
extracts were most effective against all strains tested.
They also reported that 10 and 50 ug methanol and
chloroform extracts of the plants were not effective
against S. aureus (except chloroform extract of G.
oxylobum). However, in this study, methanol and
chloroform extracts (30 pg disc?) of G. alakirensis were
found to be effective against S. aureus. Tosun et al.
(2006) worked with 14 different plants used in
traditional medicine and reported that the methanol
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extract of G. grandiflorum was not effective against
any of the bacteria and fungi (except C. krusel they
used. However, in this study, the antibacterial

activities of G. alakirensis, especially the chloroform,
methanol, and ethyl acetate extracts, were found to be
quite broad-spectrum.

Table 1. Mean zone diameter of the antibacterial effects of the extracts (in mm)
Cizelge 1. Ekstraktlarin antibakteriyel etkilerinin ortalama zon ¢ap: (mm)

EC KP BC SA PA SE SEN BS PM LM
DMSO ND ND ND ND ND ND ND ND ND ND
KAN 15+0 16+0.04 15+0.04 16+0.04 15+0 16+0 17+0.04 19+0.2 10+0.09 1840.1
Pa-EtOH 940 8+0.05 8+0.05 9+0 9+0 7+0 ND 7+0 940 10+0.05
Pa-MeOH  10+0 ND 8+0.05 8+0.05 8+0.05 70 ND 8+0.05  9+0.05 11+0.05
Pa-Chl 8+0 8+0.05 9+0.05 9+0.05 9+0.05 8+0.05 ND 9+0.05 9+0 13+0.05
Pa-Ace 8+0 8+0.05 ND 9+0.05 8+0 ND ND ND 7+0 14+0.05
Pa-AcOEt 920 9+0.05 9+0.05 10+0.05 9+0 8+0.05 ND 7+0 8+0.05 11+0.05
Mb-EtOH  7+0 7+0 8+0.05 ND 9+0.056 ND 9+0 ND ND ND
Mb-MeOH 7+0 7+0 7+0.05 7+0 9+0 ND 9+0.05 ND ND ND
Mb-Chl 8+0 T7+0 7+0.04 ND 7+0 8+0.05 8+0.01 10+0 ND ND
Mb-Ace 8+0.01 ND 7+0.09 ND 9+0.02 ND 8+0.01 8+0.01 ND ND
Mb-AcOEt 8+0.04 ND 7+0.05 9+0.02 8+0.05 7+0.01 ND 940 ND ND
Ga-EtOH 8+0 7+0 7+0 10+0 ND ND 7+0 8+0 8+0 8+0
Ga-MeOH 8+0 8+0 8+0 10+0 7+0 10+0 7+0 ND 9+0 10+0
Ga-Chl 9+0 7+0 7+0 12+0.05 9+0 10+0 ND 9+0 9+0 9+0
Ga-Ace 7+0 10+0.02 ND 9+0 ND ND 8+0 ND 10+0 9+0
Ga-AcOEt 920 9+0 9+0 10+0.05 9+0 9+0 7+0 ND 10+0 8+0

The diameter of the discs used in the study is 6 millimetres. (ND: Not Detected, EC: E. coli, BC: B. cereus, KP: K.
pneumoniae, SA: S. aureus, PA: P. aeruginosa, SE: S. epidermidis, SEN: S. enterica, BS: B. subtilis, PM: P.
mirabilis, LM: L. monocytogenes, DMSO: Dimethyl sulfoxide, KAN: Kanamycin, EtOH: Ethanol, MeOH: Methanol,
Chl: Chloroform, Ace: Acetone, AcOEt: Ethyl acetate, Pa: P. alpinum Mb: M bourgaei, Ga: G alakirensis)

CONCLUSION

In this study, the antioxidant activity, total phenolic
content, total flavonoid content, and antibacterial
activity of extractions with different solvents of P.
alpinum, G. alakirensis, and M. bourgaei were
investigated, and it was found that the use of different
solvents for extraction may have various effects on the
biological activity of the samples. The best antioxidant
activity and total phenolic and flavonoid content
generally varied between ethanol, methanol, and
acetone extracts. However, in M. bourgaei, ethyl
acetate showed the highest total flavonoid content
compared to the other extracts. Ethanol, methanol,
chloroform, and ethyl acetate extracts showed the
highest antibacterial activity. It 1s extremely
important to identify these plants growing naturally in
Turkiye and to investigate their potential use in
medical and industrial fields. There are no or
insufficient extraction studies with these species used
in this study. From this point of view, this study can
fill an important gap in the literature and provide a
starting point for research on the important
pharmacological properties of species of these genera,
but the results of this in vitro study cannot be
transferred to the clinical field without an in vivo
study.
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ABSTRACT Microbiology
FElaeagnus umbellata, known as Autumn olive and growing widely in Asia
and Southern Europe, is a shrub tree used in the traditional treatment of Research Article

many diseases, including cancer. In this study, it was aimed to
investigate the several biological effects of methanol extract of E£.

Article History

umbellate. The activity of the extract on 11 microorganisms was Received 109.02.2024
determined by the agar well diffusion technique. The anti-quorum Accepted 127.05.2024
sensing activity of the extract was tested using Chromobacterium
violaceum ATCC 12472. The anti-biofilm and anti-swarming activities Keywords
were tested using Pseudomonas aeruginosa PAO1. Cytotoxic effect of the Elaeagnus umbellata
extract against pancreatic tumoral cell line (AR42J), breast cancer cell Antimikrobiyal
line (MDA-MB-231), lung adenocarcinoma cell line (A549), and normal Anti-quorum sensing
epithelial cell line (Vero), and antiviral effect of the extract against herpes Anticancer
simplex virus type 1 was analyzed using the MTT method. It was
determined that the extract was moderately effective against 6/11
microorganisms and showed anti-quorum sensing activity. While the
extract did not have a cytotoxic effect on cancer cell lines, it was found to
have a cytotoxic effect on Vero cells at concentrations of 100 ug/mL and
above. However, no anti-biofilm, anti-swarming, and antiviral activity of
the extract was observed. The study shows that £. umbellata fruit has
limited biological activity.

FElaeagnus umbellata Metanol Ekstraktinin Biyolojik Aktivitesi
OZET Mikrobiyoloji
Asya ve Gluney Avrupa’da yaygin olarak yetisen ve Sonbahar zeytini
olarak bilinen FElaeagnus umbellata, kanser dahil olmak tizere bircok Aragtirma Makalesi
hastaligin geleneksel tedavisinde kullanilan bir c¢ali agacidir. Bu
calismanin amaci1 £, umbellate ekstraktinin gesitli biyolojik etkilerinin Makale Tarihgesi
belirlenmesidir. Ekstraktin 11 mikroorganizma tizerindeki aktivitesi Gelig Tarihi  :09.02.2024
agar kuyucuk diftizyon teknigi ile belirlendi. Ekstraktin anti-quorum Kabul Tarihi :27.05.2024

sensing aktivitesi Chromobacterium violaccum ATCC 12472, anti-
biyofilm ve anti-swarming aktiviteleri ise Pseudomonas aeruginosa
PAO1 kullanilarak test edildi. Ekstraktin pankreatik tiimoéral hicre

Anahtar Kelimeler
FElaeagnus umbellata

hatt1 (AR42J), meme kanseri hiicre hatt1 (MDA-MB-231), akciger Antimikrobiyal
adenokarsinoma hiicre hatt1 (A549) ve normal epitel hiicre hatti Anti-quorum sensing
(Vero)’'nasitotoksik etkisi ve herpes simpleks viriis tip-1’e kars1 antiviral Antikanser

etkisi MTT yontemi ile arastirildi. Ekstraktin 6/11 mikroorganizmaya
karst orta dizeyde etkili oldugu ve anti-quorum sensing aktivite
gosterdigi belirlendi. Ekstraktin kanser hiicre hatlarinda sitotoksk etkisi
goriilmezken, Vero hiicrelerine 100 ug/mL ve tizeri konsantrasyonlarda
sitotoksik etkisi oldugu tespit edildi. Bununla birlikte ekstraktin anti-
biyofilm, anti-swarming ve antiviral aktivitesi gorilmedi. Yapilan
calisma K. umbellata meyvesinin sinirl biyolojik aktivitesinin oldugunu
gostermektedir.

Atif Sekli:  Esertas, U.Z.U. & Cora, M. (2024) Elaeagnus umbellata metanol ekstraktinin biyolojik aktivitesi.
KSU Tarim ve Doga Derg 27(6), 1262-1268. https://doi.org/10.18016/ksutarimdoga.vi. 1434448
To Cite : Esertas, U.Z.U. & Cora, M. (2024). Biological activities of Elaeagnus umbellata methanol extract.

KSU J. Agric Nat 27(6), 1262-1268. https://doi.org/10.18016/ksutarimdoga.vi. 1434448




KSU Tarim ve Doga Derg 27(6), 1262-1268, 2024
KSU J. Agric Nat 27(6), 1262-1268, 2024

Arastirma Makalesi
Research Article

INTRODUCTION

Plants (especially medicinal ones), have been used in
many different civilizations from past years to the
present. it has been serving the field of medicine since
ancient times (Temel et al., 2018; Sara¢ and Ozpinar,
2024). They have been included in the human diet not
only for their nutritional value but also for use as
prophylactic and therapeutic agents in the treatment
of different diseases. (Ak et al., 2022) E. umbellata is
found at an altitude of 1200-2100 m above sea level
and grows at temperatures ranging from 43 to 55 °C
and a pH range of 5.5-9.5 (Bhat et al., 2023).

Elaeagnus umbellata Thunb., Fl. Jap. (Thunberg) 66,
t. 14 (1784) is belonging to the Elaeagnaceae family. £
umbellata fruit is rich in vitamins A, C, and E,
minerals, flavonoids, and fatty acids (Wu et al., 2011;
Patel et al., 2015). Elaeagnus berries have a lot of
bioactive compounds such as lutein, B-carotene, B-
cryptoxanthin, and a-cryptoxanthin. (Patel et al.,
2015).

Flaeagnus species have traditionally been used as

antioxidant, anticancer, antinociceptive, anti-
inflammatory, antimutagenic, antiulcerogenic,
antimicrobial, antidiabetic, and neuroprotective

agents (Nazir et al., 2020).

It is known to be effective on many types of cancer as
well as many different diseases. It has also been
reported to be used as an antipyretic (Ahmad et al.,
2005). It is reported that E umbellata fruits are
potentially effective in bacterial infections and
complications related to type 2 diabetes (Nazir et al.,
2018; Nazir et al., 2021). The flowers and seeds of .
umbellata are very useful as they are used as a tonic
to cure cough. It is known that the oil of £. umbellata
seeds is preferred in the treatment of infection. At the
same time, 1its essential o1l has antioxidant
anticholinesterase and antidiabetic activity (Nazir et
al., 2021).

In the study, anti-quorum sensing, anti-microbial,
antiviral, and anti-cancer activities of £ umbellata
methanol extract were investigated.

MATERIAL and METHOD

Collection of autumn olive fruits and preparation of
their extracts

E. umbellata fruits were obtained from the high
regions of Rize and dried in a Pasteur oven at 55°C
overnight. Methanol extracts were obtained using the
Macerate. Briefly, 10 to 20 g of fruit were weighed,
ground into powder in a mortar, placed in a conical
flask, and 100 mL of methanol was added. Incubated
overnight on a magnetic stirrer at room temperature.
Then, it was filtered through filter paper and
evaporated in the evaporator at 40 °C, followed by the
extracts dissolved in DMSO (Dimethyl sulfoxide) to 50
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to 100 mg/mL. These extracts were stored at -20 °C
until use (Eksi et al., 2020).

Antimicrobial activity

Bacillus cereus (ATCC 14579), Bacillus subtilis (ATCC
6633), Staphylococcus aureus (ATCC 25923),
Mycobacterium smegmatis (ATCC 607),
Chromobacterium violaceum (ATCC 12472), Klebsiella
pneumoniae (ATCC 13883), Salmonella thymurium
(ATCC 14028), Pseudomonas aeruginosa (ATCC
27853), Acinetobacter haemolyticus (ATCC 19002),
Candida albicans (ATCC 10231) and Candida
parapsilosis (ATCC 22019) strains were used.

The antimicrobial activities were investigated by agar
diffusion method. Minimal Inhibitory Concentration
(MIC) was calculated using Mueller Hinton broth-II
(Woods et al., 2003). The well located before the well
where growth started was determined as the MIC well
and the value in this well was written as the MIC
value. To determine the Minimum Bactericidal
Concentration (MBC) value, 50 pL was taken from the
MIC well and the three wells before it and planted on
agar medium. Incubated overnight at 37 °C. Plantings
from the MIC well and other wells were evaluated and
the lowest value at which no growth was observed was
determined as MBC (Giir, 2016).

Anti-quorum sensing activity

To determine the violacein suppression activities of the
extract, firstly the Sub-MIC value was determined in
C. violaceum ATCC 12472 strain. C. violaceum 12472
strain was cultured in 5 mL of Luria Bertani (LB)
broth for 8 hours in a 175 RPM shaking incubator.
Then, 50 uL of C. violaceum 12472, which was left for
shaking incubation, was taken and added to 5 mL of
soft LB agar and poured into LB agar petri dishes.
Wells was opened on the dried petri dish. 50 pL of the
Sub-Mic concentration was added to the well and
incubated overnight. The formation of a transparent
zone with growth in the petri dish but no violacein
pigment was determined as positive (Eksi et al., 2020).

Anti-swarming activity

First, the MIC of the extract in P. aeruginosa PAO1
strain was determined. Values below the MIC were
used in the study. Concentrations below the MIC value
were added to tubes containing 5 mL LB soft agar,
poured onto petri dishes containing LB agar, and
allowed to solidify. A colony from the fresh culture of
P. aeruginosa PAO1 was picked with a sterile
toothpick placed in the middle of the prepared LB
plates and incubated overnight at 37 °C (Rashid and
Kornberg 2000). The activity was determined by
measuring the colony spread of bacteria growing from
the point where P. aeruginosa was inoculated. P.
aeruginosa PAO1 without added extract was used as a
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control and the measured zones were evaluated by
comparing them with this zone.

Anti-biofilm activity

To test the biofilm inhibition of the extract, P.
aeruginosa PAO1 strain was adjusted to 0.5
McFarland. Extract and P. aeruginosa PAO1 were
added to microplates containing LB medium. After 24
hours of incubation, microplates were washed with
distilled water and 0.3% crystal violet was added to
each well. Finally, the microplates were washed with
distilled water and treated with ethanol for 15
minutes. Absorbances were measured at 570 nm in
spectrophotometer (Truchado et al., 2009; Ureyen
Esertas et al., 2022).

Cell culture, virus, and standard drug

Breast cancer cell line (MDA-MB-231), pancreatic
tumoral cell line (AR42J), lung adenocarcinoma cell
line (A549), and normal epithelial cell line (Vero) from
Karadeniz Technical University, Medical Microbiology
Department culture collection, originally obtained
from American Type Culture Collection (ATCC, USA)
were used in the study. AR42J, A549, and Vero cell
lines were maintained in Dulbecco’s Modified Eagles
Medium (DMEM), MDA-MB-231 cell line was
maintained in RPMI 1640 medium supplemented with
10% fetal bovine serum, 1% penicillin/streptomycin
solution. Cultures were incubated at 37 °C with 5%
COsa.

The HSV-1 Wal strain was o originally obtained from
the University of Sheffield (England).

Cytotoxicity of the extract

The cytotoxic effect of the extract on pancreatic
tumoral cell line (AR424J), breast cancer cell line (MDA-
MB-231), lung adenocarcinoma cell line (A549) and
normal epithelial cell line (Vero) was examined by3-
(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) assay as previously
described (Cora et al., 2023). Concentrations of 3.12-
400 pg/mL of the extract were placed on the cells in a
96-well plate containing 1x104 cells in each well, with
three wells of each concentration. After the incubation
for 72 h at 37 °C with 5% COgz, the MTT assay was
performed. Wells contained untreated cells were used
as negative control. The results were evaluated in
Microsoft Excel with reference to the control wells.

Antiviral activity of the extract

Concentrations of 50 pg/mL and below, which are not
cytotoxic to Vero cells, were added to the cells infected
with the virus at a concentration of 1TCID50. After
three days incubation at 37 °C with 5% COsz the MTT
assay was performed. Acyclovir was used as a positive
control, wells containing Vero cells infected with the
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virus were used as a negative control, and wells
containing Vero cells were used as reproductive
control. The data were evaluated using the Microsoft
Excel program and the viability of the cells in the wells
was calculated as a percentage compared to the growth
control (Cora et al., 2023).

Statistical analysis

Statistical analysis was conducted with the SPSS 15.0
software. Mean + standard error was employed to
depict continuous variables conforming to a normal
distribution. In cases where a normal distribution was
not evident, the median value was utilized.

RESULTS and DISCUSSION

The use of plants and herbal products in treatment by
humans has been of great importance since ancient
times. K. umbellata, is one of the medicinal plants
widely used among the public for various ailments
(Bhat et al., 2023). Today, with the developing
technology, the chemical content of £. umbellata has
been investigated and it has been understood that the
plant contains different secondary metabolites and
accordingly  exhibits  different pharmacological
properties such as antiviral, anticancer and
antioxidant activity (Bhat et al., 2023).

Preparation of the extract

E. umbellata fruits were kept in a Pasteur oven
overnight to remove water. Then, the extraction
process of the dried fruits was carried out (Figure 1).
Methanol extraction is a method used to isolate
compounds from plant materials, such as essential oils,
pigments, or other chemical substances (Parekh et. al.,
2005). It's one of several solvent extraction techniques,
each with 1its own applications, benefits, and
drawbacks (Methanol extraction is highly effective for
certain laboratory applications and non-consumable
products, but for consumable goods, safer solvents like
ethanol or mechanical/physical methods like CO:
extraction are preferred due to their lower toxicity and
environmental impact (Nauman and Arshad, 2011).

Antimicrobial activity results

Antimicrobial activity results of E.umbellata extract
show that it has activity against six microorganisms
(Table 1) . When the zone diameters and MIC values of
these microorganisms are examined, it is seen that the
antimicrobial activity of the extract is at a medium
level.

Although different methods and solvents were used,
anti-bacterial properties of E. umbellata against K.
pneumoniae, S. aureus, P. aeruginosa, E. coll,
Propionibacterium acnes, and Proteus mirabilis were
demonstrated (Kang et al., 2020; Zulfikar et al., 2022).
Uddin & Rauf (2012) investigated the antimicrobial
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Rauf 2012). In this study, the extract was found to be
effective against Gram-positive bacteria as well as
Gram-negative bacteria such as K. pneumoniae, S.
thymurium, C. violaceum, P. aeruginosa.

activity of extracts prepared from £. umbellata using
different solvents and found that MeOH extract was
only effective against Gram-positive bacteria (Uddin &

PN,
Figure 1. Images of E.umbellata before and after incubation A; Before, B; After
Sekil 1. E.umbellata'nin inkiibasyon éncesi ve sonrasi gortintiileri A; Once B; Sonra.

Table 1. Antimicrobial activity results of £. umbellate MeOH extract
Cizelge 1. E. umbellate MeOH ekstraktinin antimikrobiyal aktivite sonuglari

O
X
S § 5 3
. . S '§ 3 . S
Microorganisms § 8 S Em @
g 3 3 3 3 2
] § s & g 8
K %) 3 A A N
Zone (mm) 10.33+2.08 10.0+1.0 14.66+0.57 12.66+0.57 13.33+2.08 14+0.0
MIC/MBC (ug/mL) 500/1000 500/1000 250/500 500/1000 500/1000 500/1000

Anti-quorum sensing activity results

It has been determined that F. umbellata extract
suppresses violacein pigment, one of the quorums
sensing steps. (Table 2, Figure 2).

Figure 2. Anti-violacein activity assay result of the
extract
FEkstraktin anti-violasin aktivite deneyi
sonucu

Sekil 2.

Anti-biofilm activity

Considering the biofilm suppression results it was
determined that the E. umbellata extract had a low
level of anti-biofilm activity (Figure 3).

Table 2. Quorum sensing activity assay result of
the extract
Cizelge 2. FEkstraktin Quorum sensing aktivite

deney sonucu
C. violaceum ATCC
12472
E. umbellata +
Positive control (Vanilin) +

While studies to examine its antimicrobial activity
began in 2007 (Sabir et al., 2007), studies involving
quorum sensing activity are still lacking today.
Antibiofilm activity literature data show that
Flaeagnus angustifolia plant extract has been studied
and that the plant has anti-biofilm activity. Anti-
biofilm literature with £ wumbellate is not yet
available. The study is among the first scans in this
regard. Likewise, while it was determined that £
angustifolia extracts were studied in the literature in
terms of quorum sensing scans and the activity was
low compared to other plants, £. umbellate data will
be added to this study (Erdonmezve et al., 2016). The
results show that there is activity, albeit at a low level.
This is promising for further studies.
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Antibiofilm Activity of £. umbellata MeOH Extract
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Figure 3. Anti-biofilm activity of £. umbellate MeOH extract
Sekil 3. E. umbellate MeOH oziitiintin anti-biofilm aktivitesi

Results of cytotoxicity assay

It was determined that £. umbellata MeOH had mild
cytotoxic activity against Vero cells at concentrations
of 100 pg/mL and above. On the other hand, it was

determined that the extract had no cytotoxic effect on
AR42J cells, MDA-MB-231 cells, and A549 cells. The
results of the experiment were summarized in Figure
4.

Cytotoxicity of E. umbellata MetOH Extract
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Figure 4. The cytotoxic effect of the extract on different cell lines
Sekil 4. Ekstraktin farkli hiicre dizileri tizerindeki sitotoksik etkisi

Wang et al. (2007) investigated the antiproliferative
properties of six different genotypes of E. umbellata
and found that all six genotypes inhibited proliferation
of human leukemia cancer cells and human lung
epithelial cancer. Aziz et al. (2015) investigated the
activity of fruit and leaf parts of E.umbellataon human
cervical cancer cell line (HeLa) and human colorectal
adenocarcinoma cell line (HT29) cells and determined
that leaves were more effective than fruits. In current

study, the effect of the extract prepared only from the
fruit of E. umbellata plant on AR42J, MDA-MB-231,
A549, and Vero cell lines was investigated, and it was
observed that the extract had no cytotoxic effect on the
cancer cell lines studied. However, it was found that
the extract had a dose-dependent effect on Vero cells.

Antiviral activity assay results
It was observed that the extract included in the study
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did not show antiviral activity against HSV-1. The
results of the experiment were shown in Figure 5.

There are very few studies on other members of the

genus in terms of antiviral studies. A study involving
the Flaeagnus rhamnoides species reported that the
antiviral potential of the genus may be high (Olas and
Skalski et al., 2022).

Antiviral Activity of £. umbellata MetOH Extract

120 -

100 -
X

B s

'S 60 -
>

= 40 -
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&}

20 -

0
Uninfected  Virus Acyclovir 50 pg/mL 25 pg/mL 12.5 pg/mL
Cells
Controls and Extract Concentrations

Figure 5. The antiviral activity of the extract on HSV-1. Uninfected cells; uninfected Vero cells, virus; Vero cells

infected with virus, acyclovir; positive control

Sekil 5. Ekstraktin HSV-1 ile enfekte olmamis hiicreler lizerindeki antiviral aktivitesi; enfekte olmamis Vero
hiicreleri, viriis;, Viriis, asiklovir ile enfekte olmus Vero hiicreleri; pozitif kontrol.

CONCLUSION

Although FE. umbellata methanol extract had no
antiproliferative activity on the cell lines studied and
no antiviral activity against HSV-1, it is valuable that
it showed antimicrobial activity. In addition, it is
noteworthy that small activity was observed in the
biofilm study. In line with the data obtained, it
suggests that the plant can be evaluated in terms of
active substance and is worthy of research.
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OZET

Tarim atiklari, siirdirilebilir ve ¢evre dostu atik yonetimi agisindan

Cevre Bilimi

biiytik bir potansiyele sahiptir. Bu calismada, tarim atiklarindan pamuk Aragtirma Makalesi
saplar1 kullanilarak aktif karbon adsorbenti tiretilmistir. Bu adsorbent

ile atik sudan tehlikeli bir boyar madde olan malahit yesilinin Makale Tarihgesi
adsorpsiyon prosesi ile giderilmesi incelenmistir. Adsorbentin BET, SEM Gelig Tarithi  : 03.05.2024
ve FT-IR analizleri ile karakterizasyonu yapilmistir. Adsorpsiyon Kabul Tarihi :06.06.2024
etkinligini belirlemek i¢in boya konsantrasyonu ve pH gibi degiskenlerin

optimizasyonu gerceklestirilmigtir. Malahit yesili adsorpsiyonunun Anahtar Kelimeler

dogas1 hakkinda daha iyi bir anlayis elde etmek i¢in kinetik ve denge Tarimsal Atiklar
calismalar1 yapilmigtir. Yapilan c¢alismalar sonucunda, yalanci ikinci Aktif Karbon

dereceden kinetik modelin adsorpsiyon siirecini en iyi sekilde temsil Su aritma

ettigi, Langmuir izoterminin ise denge 6zellikleri i¢in en uygun model Adsorpsiyon

oldugu belirlenmistir. Langmuir izoterm verilerine dayanarak,
maksimum adsorpsiyon kapasitesi (gma) 69.06 mg g?' olarak
belirlenmigtir. Bu ¢calisma, atik pamuk saplarindan tiretilen adsorbanin
cevre dostu, ekonomik ve etkili bir su aritim malzemesi olarak
potansiyelini ortaya koymaktadar.

Activated Carbon Production from Agricultural Wastes and Dye
Characterization, Kinetic and Equilibrium Studies

ABSTRACT

Agricultural wastes have a great potential for sustainable and
environmentally friendly waste management. In this study, activated
carbon adsorbent was produced using cotton stalks from agricultural
wastes. With this adsorbent, the removal of malachite green, a hazardous
dyestuff, from wastewater by the adsorption process was investigated.
The adsorbent was characterized by BET, SEM, and FT-IR analysis.
Optimization of variables such as dye concentration and pH were carried
out to determine the adsorption efficiency. Kinetic and equilibrium
studies were carried out to obtain a better understanding of the nature of
malachite green adsorption. As a result of the studies, it was determined
that the pseudo-second-order kinetic model best represents the
adsorption process, while the Langmuir isotherm is the most suitable
model for equilibrium properties. Based on the Langmuir isotherm data,
the maximum adsorption capacity (gmax) was determined as 69.06 mg g-
!, This study reveals the potential of adsorbent produced from waste
cotton stalks as an environmentally friendly, economical, and effective
water treatment material.
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GIRIS olup, hasat artiklari, islenmemis organik materyaller,

uretim silireglerinden kaynaklanan atiklar, pazar

Tarimsal atiklar tarim faaliyetlerinin yan triinleri C . 1
atiklar1 ve ambalaj atiklar: gibi gesitli kaynaklardan
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gelirler. Bu atiklar dogru sekilde yonetilmediginde
cevresel sorunlara neden olabilir; ancak dogru sekilde
islendiklerinde glibre olarak geri donustiirilebilir,
biyogaz Uretimi i¢in kullanilabilir veya diger
endistrilerde hammadde olarak degerlendirilebilirler.
Bu nedenle, tarimsal atiklarin etkili bir gekilde
yonetilmesi ve degerlendirilmesi énemlidir (Teo ve
ark., 2022). Giniimiizde, artan endiistrilesme ve
tarimsal faaliyetlerin yayginlagmasiyla birlikte, tarim
atiklarinin siirdirilebilir atik yonetimi ve su aritimi
alanlarinda alternatif kaynaklar olarak
degerlendirilmesi giderek artan bir 6neme sahiptir. Bu
atiklar, sadece cevresel kirliligi azaltmakla kalmayip
aynit zamanda ekonomik ve c¢evresel acidan
stirdirulebilir ¢oziimler saglamak potansiyeline
sahiptir (Crist ve ark., 2017).

Temiz ve glivenli igme suyunun giderek azaldigi endise
verici bir ¢cagda yasamaktayiz. Bu kitlik, nehirler ve
goller gibi dogal su kaynaklarimin tzerindeki buytik
baskinin, kirlilik ve asir1 kullanim sonucu dogrudan
ortaya c¢ikmasindan kaynaklanmaktadir. Dinya
genelinde baz1 bolgelerde ise temiz i¢me suyuna
erisim, hayatta kalmak i¢in ginlik bir miicadele
haline gelmistir. Maalesef, iklim degisikligi kuraklik
riskini artirarak mevcut su kithgimi daha da
derinlestirmekte ve bu durumun daha da koétiilegsmesi
beklenmektedir. Dahasi, bir¢cok topluluk temiz suyu
aritmak ve dagitmak i¢in gerekli kaynak ve altyapiya
sahip degildir, bu da onlar1 kirlenme riskine karsi
savunmasiz hale getirmektedir. Dolayisiyla, degerli su
kaynaklarimizin korunmasi ve diinya capinda temiz
icme suyuna erigim saglanmasi i¢in acil eylemler
alinmas1 gereklidir (Adeleye ve ark., 2023; United
Nations, 2019). Diinya genelinde su kaynaklarinin
kirlenmesi artmakta olup, bunun baslica nedeni
pestisitler (Rodriguez-Bolafia ve ark., 2023), boyalar
(Yildiz ve ark., 2023), farmasotikler (Khan & Jabin,
2023), agir metaller (Aftab ve ark., 2023), deterjanlar
(Pack ve ark., 2023), kisisel bakim {iriinleri (Doherty
ve ark.,, 2023) ve fenolik maddeler (Piryaei &
Abolghasemi, 2022). Son yillarda, cevre kirliligine
onemli bir katki sagladigr icin boya kirliliginin
giderilmesi  konusunda kapsamli  arastirmalar
yapilmaktadir (Ji ve ark., 2020; Stjepanovié¢ ve ark.,
2021; Yildiz, 2024). Boyalarin su sistemlerine sizmasi,
cevre uzerinde olumsuz etkilere neden olabilir.
Boyalarin suya karigsmasi, suyun insan tiiketimi i¢in
uygun olmayan hale gelmesine ve aritma siirecinde
zorluklara yol acabilir. Boyalar, gida ve igecek, tekstil
ve kozmetik gibi ¢esitli endistrilerde yaygin olarak
kullanilmaktadir. Ancak, bu yaygin kullanima
ragmen, boyalarin ¢evreye yayilma ve bozunma siireci
olduk¢a zordur. Bu durumun temel nedeni, boyalarin
karmasik kimyasal bilegimleri ve sentetik boyalarin
endustrilerde genis capta kullanilmasidir, bu da onlar
son derece dayanikli ve dogal yikima karsi direncli
hale getirir (Deniz & Yildiz, 2019; Tang ve ark., 2017a;
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Yildiz ve ark., 2023).

Gunlik hayatta giysi ve kozmetik triinlerinde sik¢a
kullanilan boyalar, canli renklerin olusturulmasinda
onemli bir rol oynamaktadir. Ancak, bu boyalarin
uretimi ve kullanimi yiiksek diizeyde renkli atik suyun
olusmasina neden olabilir. Bu durum o6zellikle tekstil,
plastik ve baski gibi sektorlerde yaygin olarak
kargilagilan bir durumdur. Boya Uretimi ve
kullaniminin cevresel etkilerini en aza indirmek igin
uygun yoénetim ve atik su aritma sistemlerinin
uygulanmas1 gereklidir. Bu sekilde, gevresel etkiler
azaltilabilir ve su kaynaklar1 korunabilir (Tang ve
ark., 2017a). Su icindeki boyalar1 aritmak i¢in biyolojik
aritma, cokeltme, flotasyon, ileri oksidasyon,
elektrodiyaliz, iyon degisimi, adsorpsiyon,
biyosorpsiyon ve membran filtrasyonu gibi c¢esitli
teknikler kullamlmaktadir (Yildiz ve ark., 2024).
Ancak, her bir yontemin tasarimi, verimliligi ve
maliyeti gibi simirlamalari bulunmaktadir, 6zellikle
dusik giderim verimliligi ve yuksek igletme
maliyetleri gibi zorluklarla karsilasilabilir (Deniz &
Yildiz, 2019a; Valli Nachiyar ve ark., 2023b; Yildiz ve
ark., 2024).

Bununla birlikte, diger yontemlerle (6rnegin,
flokiilasyon/koagiilasyon, biyolojik aritma, ileri
oksidasyon iglemleri, ozonlama ve membran

filtrasyonu gibi) karsilastirildiginda, adsorpsiyon en
uygun olanidir. Cinki adsorpsiyon yontemi g¢ok
yonludir, ozellestirilebilir ve maliyet etkinidir.
Adsorpsiyon, kirleticilerin giderilmesi ve degerli
metallerin geri kazanilmasi gibi gesitli gorevler igin
kullanilabilir. Ayrica, karmasik ekipman veya
prosediirler gerektirmez, basit bir islemdir (Sharifi
Pajaie ve ark., 2018; Tang ve ark., 2017b; Uddin &
Nasar, 2020; H. Yildiz ve ark., 2023). Kuskusuz,
adsorpsiyon verimliliginde en 6nemli roli, kullanilan
adsorban malzemenin giderim verimliligi, yuksek
gozenek boyutu, dayanikliligi ve ekonomik émru gibi
faktorler oynamaktadir (Kutluay ve ark., 2019a;
Philip, 2023). Bu baglamda, adsorpsiyon isleminde
aktif karbon (Alorabi, 2021), zeolit (Imessaoudene ve
ark., 2023), silika (N'mah ve ark., 2024), grafit (Saleh
& Ali, 2018) gibi cesitli malzemeler kullanilmaktadir.
Aktif karbon 6zellikle ¢ok yonli bir adsorbant olarak
one ¢ikar. Buylk yuzey alan ve ylksek reaktiviteye
sahiptir ve farkli kaynaklardan molekilleri cekme ve
baglama yetenegi ile bilinir. Ancak, yenilenemeyen
hammaddelerden sentezlenen ticari aktif karbon son
derece maliyetlidir (Malik ve ark., 2020).

Aktif karbon, bir¢ok endiistriyel prosesin ¢ok yonli ve
degerli bir bilesenidir. Gazlarin saflagtirilmasindan
suyun aritilmasina (Kausar ve ark., 2023), enerji
depolamaya (Sevilla ve ark., 2010), katalizérlere
(Fuente ve ark., 2001) ve farmasétik iiriinlere (Song ve
ark., 2017) kadar genis bir yelpazede
kullanilmaktadir. Son on yilda, arastirmacilar daha
ekonomik aktif karbon tiretim yontemleri gelistirmek
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icin caba sarf etmektedirler. Bu amacla, tarimsal
atiklar (Yildiz ve ark., 2022), bitkiler (Pathania ve
ark., 2017) ve hatta meyve kabuklar1 (Sahin ve ark.,
2016) gibi cesitli biyolojik malzemelerin kullanimi
denenmektedir. Sonug¢ olarak, bu karbon kaynaklar
artik hem cevre dostu hem de ekonomik olan aktif
karbonlar tiretmek i¢in kullanilmaktadir.

Bu calismada, tarimsal atiklardan elde edilen pamuk
sap1, malahit yesili boyasini su ortamindan gidermek
icin aktif karbon adsorbenti olarak kullanilmigtir.
Turkiye, uzun sitredir dinya pamuk tretiminde
6nemli bir rol oynamaktadir. Nispeten kiigiik
boyutuna ragmen, Turkiye, Hindistan, Cin, Amerika
Birlesik Devletleri, Brezilya ve Pakistan'in ardindan
altinc1 sirada yer alarak diinyanin en biiyik pamuk
iireticileri arasinda yer almaktadir (Erdogan &
Saglan, 2023). Tiirkiye'nin en énemli pamuk iiretim
bélgesi, tilkenin giineydogusunda bulunan Giineydogu
Anadolu Projesi (GAP) bélgesidir. Bu bélgede,
Turkiye'nin toplam pamuk tretiminin yarisindan
fazlas1 gerceklestirilmekte olup, yaklasik 2,9 milyon
dekar ekili arazi bulunmaktadir (Ugur & Bayhan,
2023).

Malahit yesili, deri, tekstil, kaucuk ve kagit gibi farkh
endustriyel islemlerde renklendirici olarak kullanilan
ve bir¢ok saglik ve gevre sorununa neden olan zararlh
bir boyadir. Ayrica, balik yetistiriciliginde ve
bakteriyolojide gugli bir ajan olarak kullanilmaktadir
(Arora ve ark., 2020). Bu nedenle, MG gibi zararh
boyalarin giderilmesi, yasamsal faaliyetlerin ve
ekolojik istikrarin saglanmasi icin énemlidir (Adeyi ve
ark., 2019).

Baslangig pH"1 ve baglangic ¢ozelti
konsantrasyonunun deneysel parametreleri,
adsorpsiyon tuzerindeki etkilerini belirlemek igin

arastirilacaktir. Malahit yesili agisindan adsorbentin
kinetigi ve denge modellemesini analiz etmek i¢in ek
arastirmalar yapilacaktir.

Calisma, boya iceren atik sularla ve bunlarin ¢evresel
etkileriyle miucadele etmek 1i¢in c¢evre dostu
adsorbanlarin 6nemini vurgulamaktadir. Uygun atik
yonetimi, kirliligin ¢evre ve insan sagligi tzerindeki
olumsuz etkilerini azaltmada kritik bir rol
oynamaktadir. Tarim atiklarindan elde edilen
adsorbanlarin kullanimi, su kirliliginin azaltilmasina
ve surdirilebilir kalkinmanin tesvik edilmesine
yardimeci olacaktir.

MATERYAL ve METOD
Adsorbanin Hazirlanmasi

Adsorpsiyon igleminde kullanilan tim malzemeler
analitik  safliktaydi ve adsorbanin iretiminde
kullanilmasi1 amaclanan tarimsal atik pamuk saplar
Sanlwurfa, Turkiye'deki yerel treticilerden temin
edildi. Ilk olarak atik pamuk saplar1 égiitiilerek 0.5
mm boyuta elenmigtir. Elenen materyal (1g) daha
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sonraki modifikasyonu, adsorpsiyon kapasitesini ve
yuzey ¢ikintilarini artirmak i¢in 24 saat 100 mL 0,3 M
Sodyum hidroksit (NaOH) ile muameleyi icermistir.
Modifiye edilen ve aktivasyon agsamasi i¢in hazirlanan
malzeme bir kil firininda 600°C'de 45 dakika boyunca
aktive edilmistir. Nihai aktif karbon, malahit yesili
adsorpsiyonu i¢in adsorban olarak kullanilmaya hazir
bir sekilde cam bir sisede dikkatlice saklanda.

Karakterizasyon Caligmalar:

Tarim atiklarindan tretilen aktif karbonun ylizey
alami ve gozenek hacmi, yilizey morfolojisi ve
fonksiyonel grup profilini karakterize etmek igin
Brunauer-Emmett-Teller analizi (BET) (BET,
Quantachrome Nova 1200), Fourier Transform
Infrared Spektrometresi (FT-IR, Perkin Elmer
Spectrum 400) ve Taramali Elektron Mikroskobu
(SEM, ZEISS-EVO 50 cihaz) kullanilmistir.

Malahit yesili boyas1 (CAS No: 2437-29-8) Sigma-
Aldrich  girketi tarafindan temin edilmigtir.
Adsorpsiyon igleminde kullanilmak tzere malahit
yesili boya stok c¢ozeltisi (1000 mg L1) hazirlanmigtir.
Deneysel calismalar icin cozeltiler (50-250 mg L)
stoktan distile su ile seyreltilerek elde edildi. Deney
test ¢ozeltisinde pH'y1 hassas bir sekilde ayarlamak
icin hem sodyum hidroksit hem de hidroklorik asitin
0,1 mol L1 c¢ozeltileri kullamlmistir. (Sodyum
hidroksit (NaOH) ve hidroklorik asit (HCD) sirasiyla
Scharlau sirketi, Sinopharm kimyasal reaktif sirketi
ve Sigma-Aldrich  sirketi tarafindan tedarik
edilmistir).

Adsorpsiyon Deneyleri

Adsorpsiyon deneyleri i¢in baslangic pH"1 (pH 2-10) ve
boya konsantrasyonu (CO 50-250 ppm) belirlenmistir.
Cozelti konsantrasyonlar: 616 nm dalga sayisinda UV-
VIS spektrofotometre (Hitachi U-0080D) ile
Olcilmustir. Denge durumunda aktif karbon
tarafindan malahit yesili adsorpsiyon miktar1 (ge)
Esitlik 1 ile belirlenmistir.
(CO - Ce)

-V €Y)
Burada, G (ppm) ve C. (ppm) sirasiyla ¢ozeltideki
baglangic boya konsantrasyonu ve dengedeki boya
konsantrasyonu, V (mL) ¢ozelti hacmi, w (g) adsorban
miktaridir.

qe =

Adsorpsiyon Kinetigi

Adsorpsiyon siirecinin dinamik etki mekanizmasini
belirlemek ve karakterize etmek ig¢in sézde birinci
dereceden (SBD) (Lagergren, 1898), sézde ikinci
dereceden (SID) (Weber & Morris 1963a) partikiil ici
difiizyon (PID) (HO, 2006), ve Elovich (Weber & Morris
1963b) kinetik modelleri kullanilmigtir. Kullanilan
kinetik modeller Esitlik (2), (3), (4) ve (5) ile
verilmigtir:



KSU Tarim ve Doga Derg 27 (6), 1269-1282, 2024

Arastirma Makalesi

KSU J. Agric Nat 27 (6), 1269-1282, 2024 Research Article
— _ p,—kit 1
qe = qe(1 — e ) : = 5 In(apt +1) (5)
_ (k2q2t)
e = (1+k2qet) (3)
1
qe = kigtz2 +C 4)
®) z
o wal
| —> R —
NaOH i Goo'CA ’

Malahit yegili boyvasumun adsorpsiyon prosesi

Kimyasal modifikasyon sonras aktif karbon eldesi

Sekil 1. Atik pamuk saplarindan aktif karbon tretimi ve adsorpsiyon prosesi
Figurel. Activated carbon production and adsorption process from waste cotton stalks

Burada ¢ (mg g?) ve ¢ (mg g) swrasiyla denge ve ¢
(dk) zamanindaki adsorpsiyon kapasitesidir. SBD, SID
ve PID modellerinin adsorpsiyon hiz sabitleri sirasiyla
k1 (dk), k2(g mg! dk'?) ve ki (mg gt dk'12) ile temsil
edilirken, C (mg g') sinir tabaka kalinlig ile ilgili bir
sabittir. a (mg g1 dkl) parametresi adsorpsiyon
siirecinin baslangicindaki hiz olarak tamimlanmr. 8 (g
mgl) parametresi bu siirecle iligkili desorpsiyon
sabitidir.

Adsorpsiyon Izotermi

Adsorpsiyon izoterm c¢alismasi, bir adsorbent
materyalin adsorpsiyon kapasitesini 6lgerek siireci
daha iyi anlamay1 amac¢lamistir. Adsorpsiyon izotermi
icin elde edilen veriler, iyi bilinen dort izoterm modeli
kullanilarak degerlendirilmigtir; Freundlich
(Freundlich, 1906), Langmuir (Langmuir 1918),
Temkin (Temkin & Pyzhev 1940) ve Dubinin ve
Radushkevich (DR) (Dubinin & Radushkevich, 1947)
dért denklemli Esitlik (6,7,8,9).

_ (quL Ce)

9= A+ K.C,) (6)
qe = KpC)™ )
q. = BrlnA; + BrlnC, By = RTT (8)
Ge = qme ™" ©)
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Burada, ¢ (mg g'?) ve gm (mg g'!) sirasiyla adsorbentin
denge ve maksimum boya adsorpsiyon kapasitelerini
ve C: (mg L1) denge c6zelti konsantrasyonunu temsil
eder. K; (L mg?) adsorpsiyon enerjisi ile ilgili
Langmuir denge sabitini, K» (mg g! (L. mg)¥np) ve nr
sirasiyla adsorpsiyon kapasitesi ve yogunlugunun
Freundlich model sabitlerini temsil eder. Br(L g'1), bir
malzemenin adsorpsiyon kapasitesinin bir 6l¢lisii olan
Temkin izoterm sabitidir. A7 (mg L)) denge baglanma
sabitidir ve adsorbat molekiillerinin adsorbent
yiizeyine ne kadar giiclii baglandigini gosterir. b (J
mol1) Temkin sabitidir ve sicakligin adsorpsiyon
siirecini nasil etkiledigi hakkinda bilgi verir. B (mol?
kJ2) ve e (RT In(1+1/Ce) adsorpsiyon siire¢lerinin
verimliligini degerlendirmek i¢in kullanilan iki 6nemli
parametredir. B, bir molekiilin bir ylizeye bagh
kalmas1 igin gereken enerjinin bir O6l¢lisi olan
adsorpsiyon enerjisi anlamina gelir. ¢ ise, iki molekiil
arasindaki baglanmanin termodinamigini
hesaplamak igin kullanilan Polanyi potansiyelinin
kisaltmasidir. Bu, adsorbe edilen malzeme miktarinin
degisen sicakliklarla nasil degisecegini tahmin etmek
icin kullanilabileceginden ézellikle 6nemlidir. £ (8.314
J moll K1) gaz sabiti olup, bir gazin basincinin
sicaklign ve igerdigi molekiil sayisi ile dogru orantili
oldugunu belirten ideal gaz yasasinda 6nemli bir
faktordiir. 77 (K) Mutlak Sicakliktir ve bir sistemde
mevcut olan termal enerji miktarin 6lger.
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Adsorpsiyon istatistigi
Deneysel ve modelleme sonucu elde edilen degerler
arasindaki sapmay1 degerlendirmek i¢in iki hata

ol¢titt kullanilmigtir. Sifir olmayan veri noktalari i¢in
ortalama bagil mutlak hata (OBMH) modeli, Esitlik

(10) ile belirtilmistir. Ayrica, normalize edilmis kék
ortalama kare hatasi NKOKH) modeli, Esitlik (11) ile

N
1
OBMH dlz—z
mode N <

tanmimlanmigs olup, deneysel degerlerin tahmin
edilmesindeki genel hatay1r degerlendirmek igin
kullanilmistir (A¢in Ok & Kutluay, 2023).
deneysel deger — modellenmis deger
|deney g ! sdeger| £100 (10)
- deneysel deger
\/% Y¥(deneysel deger — modellenmis deger)?
x100 (11)

NKOKH model =

BULGULAR ve TARTISMA

Adsorbent Karakterizasyonu (BET, SEM ve FT-IR
Analizleri)

BET cihazi, adsorbanin ylzey alanimi ve ylizey
hacmini kesin olarak belirlemek i¢in kullanildi. Aktif

deneysel deger

karbon i¢in hesaplanan BET ylzey alanlar1 Cizelge
1'de verilmigtir: Yiizey alan1 547.169 m?/g’! ve toplam
gbzenek hacmi 0.299 cm?/g!'dir. Adsorbanin genis
yluzey alani ve goézenek hacmi, kirleticileri etkin bir
sekilde uzaklastirma yetenegini gosterir (Wang ve
ark., 2023).

Cizelge 1. Aktif karbonun ylizey alani, gézenek hacmi ve mikro gézenekliligin yiizdesi
Table 1 Surface area of activated carbon, volume of pores, and percentage of microporosity

Yiizey Alan1 (m2 g'1)

Gozenek Hacmi (cm3 g1)

Mikro porozite (%)

Vmikro

547.196 0.

162

Vtoplam

0.299 54.18

Sekil 2, aktif karbonun adsorpsiyon ve desorpsiyon
izotermlerini gostermektedir ve genellikle mikro ve
mezopor materyallerde gozlenen I-IV tipi izotermleri
icermektedir. Tip I izotermin karakteristik o6zelligi,
dusik basinglarda azot adsorpsiyon kapasitesinde
belirgin bir artiga isaret eden gili¢clii mikroporlar ile
azot molekiilleri arasindaki etkilegsimlerdir (Kutluay
ve ark., 2019b). Bu ozellik, hava aritimi ve su
filtrasyonu gibi c¢esitli uygulamalarda etkili bir
secenek sunar. Orta ve yuksek bagil basinclarda,
izoterm tip I'V'e dontisiir ve bu déntisim, mezoporlarin

olusumunu ve Ng molekiillerinin kapiler
kondensasyonunu gosterir (Tegin ve ark., 2020).
Kapiler kondensasyon sirasinda, artan basing

nedeniyle adsorbe gaz molekiilleri mikro gézeneklerde
sikigtirihir, béylece yogun bir faz olusturur. Bu yogun
faz, Dbasing degistikce c¢Okebilir ve yeniden
olusturabilir, bu da izotermlerde gé6zlemlenen
histerezis davranigina yol acar (Zhang ve ark., 2021).
Bu fenomenin anlagilmasi, bir¢ok endustriyel
uygulama i¢in kritiktir. Ayrica, bagil basing arttikca
N2 adsorpsiyon kapasitesinde kademeli bir artig
gozlenir, bu da adsorban malzemesinde 06nemli
miktarda mikropor varligina igaret eder. Bu durum,
adsorpsiyon kapasitesinin artmasina ve daha etkili

Ayrica, bu maddenin mikro-morfolojik yapisi ve aktif
bélge bilesimi, taramali elektron mikroskobu (SEM) ve

Fourier doniisimii  kizilétesi (FT-IR) cihazlan
kullanilarak incelenmigtir. Bu veriler, adsorban ve
Malahit yesili iyonlar1 arasindaki potansiyel
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adsorpsiyon uygulamalarina olanak tanir (Kaouah ve
ark., 2013).
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Sekil 2. Adsorpsiyon-desorpsiyon izotermi
Figure 2. Adsorption-desorption isotherm
etkilegimleri  belirlemek i¢gin  kullanmilmig ve
adsorpsiyon siurecine 1g1k tutmustur. Sekil 3a'da

goruldiugi gibi, aktif karbon tretiminde kullanilan
hammaddenin SEM gériintist bosluksuz bir yuzey
ortaya koymaktadir. Uretilen aktif karbonun
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yiizeyinin daha ayrintili incelenmesi (Sekil 3b),
heterojen oldugunu ve goézenekli bir yapr olusturan
buytk kivrimlara sahip oldugunu gostermektedir. Bu
tur bir yapi, yuksek ylizey alan1 nedeniyle adsorpsiyon

(a) (b)

performansini artirmaktadir (Sekil 3c). Gézenekler
kanal goérevi gorerek bir sivi veya gaz akigindan
molekiillerin adsorpsiyonuna 1izin verir ve aktif
karbonun bunlar1 yakalayip depolamasini saglar.

(e)

Sekil 3. (a) Ham malzemenin, (b) aktif karbonun ve (c) adsorpsiyon sonrasi aktif karbonun taramal elektron

mikroskobu (SEM) gériintiileri (biiyiitme 500x).

Figure 3. Scanning electron microscopy (SEM) images of (a) raw material, (b) activated carbon and (c) activated

carbon after adsorption (magnification 500x).
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Sekil 4. (a) Ham malzemenin, (b) aktif karbonun ve (c) boya adsorpsiyonu sonras1 aktif karbonun FT-IR

spektrumlar:

Figure 4. FTIR spectra of (a) raw material, (b) activated carbon and (c) activated carbon after dye adsorption

Sekil 4'te iglenmemis ham madde, adsorpsiyondan
once aktif karbon ve Malahit yesili adsorpsiyonundan
sonra aktif karbon i¢in Fourier dénisimli kizilétesi
(FTIR) spektrumlarinin kargilagtirilmasi
gosterilmektedir. Spektrum analizi, 3660-33675 cm™
arasindaki piklerin O-H hidroksil gruplarini (Valencia
ve ark., 2022), 2980-2900 cm! arasindaki piklerin C-H

fonksiyonel = grubunu temsil ettigini ortaya
koymaktadir (Roy & Rhim, 2019). 2300 cm-1
araliginda meydana gelen pikler CC ve C-N

gerilmesini temsil etmektedir (Kumari ve ark., 2023).

Ayrica, 1630 cm'! civarindaki piklerin C=0 fonksiyonel
grubu ile iligkili oldugu belirlenmistir (Cheng ve ark.,
2016). Bununla birlikte, 1400, 1380, 1240-30 ve 1060
cm! civarindaki piklerin C-N, C-O ve C-O-C gruplarini
temsil ettigi tespit edilmistir (S. Liu ve ark., 2018;
Nasab ve ark., 2019). 1000 cmden daha diisiik
piklerin ise aromatik halkalarla iligkili fonksiyonel
gruplarin varligim gosterdigi gorilmiistir (Yildiz &
Yuksel, 2023).
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Boya Adsorpsiyonu

Adsorbanin adsorpsiyon verimliligi, sulu ortamdan
boyanin uzaklagtirilmasindaki etkinligini
degerlendirmek amaciyla detayli bir gekilde
incelenmistir. Bu ¢alismanin hedefleri dogrultusunda,
boya konsantrasyonu ve pH seviyesi gibi ana deneysel
parametreler titizlikle ele alinmistir. Cozeltinin asidik
veya alkali olma durumuna bagh olarak, adsorbanin
yuzeyinde c¢esitli fonksiyonel gruplar ve yuzey
kimyalar: tespit edilebilir. Bu sebeple, adsorbanin
etkinligini degerlendirirken ¢6zeltinin baglangic pH
seviyesini g6z 6niinde bulundurmak gereklidir (Liu ve
ark., 2021). Ilk olarak, farkhh baslangic pH (2-10)
degerlerinin malahit yesili adsorpsiyonu tizerindeki
etkisi incelenmistir (Sekil 5).

75
70 \
65
IHA
:g 60
g
g 55
50
45 - /
2 4 6 8 10
pH
Sekil 5. pH'1n Etkisi (T: 25 °C, V: 100 mL, m: 0.1 g, Co:

100 mg g')
Figure 5. Effect of pH (T" 25 °C, V: 100 mL, m: 0.1 g,
Co: 100 mg g')

Aragtirmanin sonuclari, boya adsorpsiyon
kapasitesinin baglangic pH degerinin artmasiyla
belirgin sekilde arttigim géstermektedir. Baglangic pH

degerinin 2 olmasi, en diusuk adsorpsiyon
kapasitesiyle sonuglanirken, baslangi¢c pH degerinin 8
olmasi en yiksek adsorpsiyon kapasitesini

saglamigtir. Diigsiik pH degerlerinde, c¢ozeltideki H*
iyonlarinin seviyesi belirgin sekilde yiiksektir ve bu da
asidik bir ortama neden olur. Bu durum, adsorban
yuzeyinde protonasyonun meydana gelmesine yol
acar, yani H* iyonlar1 adsorban malzemenin yiizeyine
baglanmir. H* iyonlar ylizeyde yer kapladiklar: i¢in ve
adsorbe edilebilecek diger molekiillerin miktarini
simirladiklar: i¢in, bu durum malzemenin adsorpsiyon
kapasitesinde bir azalmaya neden olabilir (Zhou ve
ark., 2019). Ote yandan, hidroksit (OH)
konsantrasyonu pH 10'da artarak adsorban ylizeyinin
deprotonasyonuna neden olmustur. Bu durum,
adsorbanin adsorpsiyon kapasitesinde bir disiise yol
acmigtir. Adsorpsiyon i¢in optimum pH degeri olarak 8
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belirlenmistir.

Cozeltinin baglangic pH seviyesi belirlendikten sonra,
Malahit yesili adsorpsiyonu tzerindeki etkilerini
anlamak amaciyla cesithi baslangic boya
konsantrasyonlar1 (50-250 mg L) incelenmistir.
Adsorpsiyon hizi ile boya konsantrasyonu arasindaki
iligkiyi anlamak i¢in boya konsantrasyonlar1 cesitli
degerlerde degistirilmistir. Sekil 6, boya baslangic
konsantrasyonlar1 (mg L1) ile aktif karbon iizerine
adsorpsiyon kapasiteleri (g.) arasindaki iliskiyi agikca
gostermektedir. Baslangi¢ konsantrasyonu arttikea,
adsorpsiyon kapasitesi de artmaktadir. Bu gézlem,
yiksek Malahit yesili konsantrasyonlarinin sudan
uzaklagtirilmasi i¢in aktif karbondan daha buyuk bir
adsorpsiyon  kapasitesi gerektirdigini  ortaya
koymaktadir.
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Sekil 6. Boya konsantrasyonunun ve adsorpsiyon
sliresinin adsorpsiyon prosesi Uzerindeki
etkileri (T: 25°C, V: 100 mL, m: 0,1 g, pH: 8)

Figure 6. Effects of dye concentration and adsorption
time on the adsorption process (T 25°C, V:
100 mL, m: 0,1 g, pH: 8)

Bir adsorban malzemenin adsorpsiyon kapasitesi,
buyik o6lcide gozeneklerinin boyutuna ve sekline
baghdir. Goézenekler daha fazla molekili adsorbe
edebildiginde, adsorpsiyon kapasitesi hizla artar ve
daha  fazla  gozenek  dolduk¢a, adsorpsiyon
kapasitesindeki artig orani azalir. Bu, gézeneklerin
doldukga, kalan bos gézeneklere erigsimin zorlagmasi
ve adsorpsiyon oraninda bir azalma meydana
gelmesiyle acgiklanabilir. Bu durum, adsorpsiyon
kapasitesinde bir denge noktasina ulagsana kadar
devam eder (Liu ve ark., 2010; Yao ve ark., 2023).

Adsorpsiyon kinetik modelleri

Tarim atiklarindan elde edilen aktif karbonun,
Malahit yesili boyas1 adsorpsiyonu i¢in yapilan kinetik
modelleme c¢alismasinin sonucglari  Cizelge 2'de
sunulmustur. Adsorpsiyon kinetigi ve reaksiyon
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dinamikleri, kimyasal reaksiyonlarin davranisini
anlamada 1ki temel unsurdur. Bu slrecleri
degerlendirmek i¢in  kullanilan hiz  sabitleri,
reaktanlarin Urtnlere dontsturilme hizin1 ve
adsorpsiyonun ne oOl¢ide gergeklestigini olger.
Adsorpsiyon kinetik modelleri, belirli bir kirleticinin
zaman i¢indeki konsantrasyonunu analiz ederek,
kirleticinin adsorban malzeme ile nasil etkilesime
girdigi hakkinda bilgi saglayabilir. Bu, 6zellikle farkl
malzemelerin adsorpsiyon stiregleri i¢in
kullanildiginda nasil performans gosterebilecegini
anlamada yardimei olur (Matos ve ark., 2022).

Cizelge 2. Malahit yesili adsorpsiyonu i¢in kinetik
degerlendirme sonuglari
Table 2. Kinetic evaluation results for malachite green

adsorption
Model Parametre Deger
SBD g (mg g1) 8.947
ki (min™) 0.0000
R’ 0.9860
AdjR2 0.9847
RMSE 0.2791
OBMH (%) 101.11
. NKOKH (%) 91.98
SID g (mg g1 17.18
k> (g mg1min?) 0.0037
Vi 0.9975
AdjR2 0.9973
RMSE 1.154
OBMH (%) 58.24
NKOKH (%) 44.75
PID C(mg g 7.180
ka (mg gl min'/2) 0.6081
R’ 0.8560
AdjR2 0.8429
RMSE 16.95
Elovich  a(mg g!min) 17.09
B (g mg1) 0.351
R 0.9663
AdjR2 0.9632
RMSE 0.1599
Kinetik modellerden elde edilen istatistiklerin,

deneylerden elde edilen verilerle uyumu regresyon
katsayisi (R?), diizeltilmis regresyon katsayis1 (AdjR?)
ve ortalama karesel hata (RMSE) testleri ile analiz
edilmigtir. Bu istatistiksel analiz, boya
adsorpsiyonunun deneysel kinetik verilerinin, ylksek
R? ve diigsik OBMH ve NKOKH degerlerine dayanarak
sozde ikinci dereceden (SID) kinetik modeline uygun
oldugunu goéstermistir (R2:  0.99, Diizeltmeyle
Ayarlanmis R% 0.99 ve RMSE: 1.154). Bu model (SID),
aktif karbon yuzeyindeki Malahit yesili
adsorpsiyonunun kimyasal adsorpsiyon oldugunu
gostermektedir (de Souza ve ark., 2022).

1276

18

16 4

-

8

10
t1/2 (dkllz)

12

14

16

18

Sekil 7. PID kinetik modelinin grafigi
Figure 7. Plot of IPD kinetic model

Boya molekiillerinin adsorpsiyon hiz1 tizerindeki
etkisi, PID kinetik modeli kullanilarak degerlendirildi.
Sekil 7'de, kinetik modelin grafigi gosterilmektedir. Bu
grafik, Orijin lizerinden ge¢gmemistir ve tek bir ¢izgide
degildir. Yapilan arastirma, boyanin adsorpsiyon
mekanizmasinin ¢esitli hiz kontrol adimlarindan
etkilendigini gostermistir (Li ve ark., 2018). Elovich
modeli, molekillerin degisen adsorpsiyon
kapasitelerini dikkate alirken, zamana baglh olarak
degisen adsorpsiyon oranini ac¢iklayan bir denklem
tizerine kurulmustur (Shahat ve ark., 2023).

Adsorpsiyon izoterm modelleri

Adsorpsiyona ait deneysel izoterm verileri Freundlich,
Langmuir, Temkin ve D-R izoterm modelleri
kullanilarak degerlendirilmistir (Cizelge 3). Cizelge
3'te sunulan yiiksek regresyon (R ?) katsayilarina ve
disik OBMH ve NKOKH degerlerine dayanarak,
adsorpsiyon denge verilerinin Langmuir izotermiyle
etkili bir sekilde uyumlu oldugu gézlemlenebilir. Bu
model, adsorpsiyonun homojen bolgelerde
gerceklestigini  Onerdiginden, tek katmanli bir
adsorpsiyon siirecini desteklemektedir (Zaini ve ark.,
2023). En iyi modeli secerken sadece R 2 degerlerine
bakmak yeterli degildir. En dogru karar1 vermek igin,
denge verilerini hesaplanan maksimum adsorpsiyon
kapasitesi (gmax) ile karsilastirmaliyiz (Yagmur &
Kaya 2021). Maksimum adsorpsiyon kapasitesi (gmax)
69.06 mg g! olarak bulunmustur.

SONUC ve ONERILER

Bu c¢alismada, tarimsal atik olan pamuk saplari
kullanilarak tretilen bir adsorbentten Malahit yesili
boyasinin su ortamindan giderimi detayli bir sekilde
incelenmigtir. Karakterizasyon bulgular:, iretilen
adsorbentin bir¢ok ¢ikinti ve bosluk igeren heterojen
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bir ylizey morfolojisine ve zengin bir fonksiyonel grup
ozelligine sahip oldugunu gostermektedir.
Adsorpsiyon stireci, pH (2-10) ve c¢ézelti baslangic
konsantrasyonu (50-250 mg L) parametrelerinin
incelenmesi ile baglar. pH 8'in etkili adsorpsiyon i¢in
uygun oldugu bulunmustur. Adsorpsiyon prosesinin
kinetik ve denge modelleme calismalar,, SID ve
Langmuir modellerinin adsorbentin boya giderim
davranisini aciklamada en etkili modeller oldugunu
gostermigtir.

Cizelge 3. Malahit yesili adsorpsiyonu igin izoterm
degerlendirme sonuglari
Table 3. Kinetic evaluation results for malachite green

adsorption
Model Parametre Deger
Freundlich Ki (mg g1 (L mg)Vrp 0.0358
ne 0.58
R 0.9666
AdjR? 0.9555
RMSE 0.0178
OBMH (%) 114.87
NKOKH (%) 85.11
Langmuir Gmax (mg g'1) 69.06
R 0.9966
AdjR2 0.9955
RMSE 0.084
OBMH (%) 62.13
NKOKH (%) 46.22
Temkin Br(J mol?) 90.69
Kr(Lmg") 0.030
R 0.7942
AdjR? 0.7256
RMSE 26.65
OBMH (%) 101.55
NKOKH (%) 98.23
D-R gm (mg gt 107.88
Ebr (kJ molt) 36.73
R 0.8126
AdjR2 0.7502
RMSE 0.7505
OBMH (%) 121.44
NKOKH (%) 87.24

Kargilagtirma Caligmasi

Cizelge 4, Malahit yesili i¢in Langmuir izoterm
modeline dayali olarak farklh hammaddelerden
uretilen aktif karbonlarin maksimum adsorpsiyon
kapasitelerini  (gmax)  gOstermektedir.  Uretilen
adsorban, yakin zamanda literatiirde bildirilen diger
birgok adsorbandan daha ylksek malahit yesili
adsorpsiyon kapasitesine sahiptir. Bu c¢aligsma,
kirliligin giderilmesi ve ¢evrenin korunmasinin yani
sira, atik yonetimi ve gevre dostu, uygun maliyetli ve
verimli adsorbanlarin tretilebilecegini gbstermigtir.

Ortalama adsorpsiyon serbest enerjisi (Zbr) 36.73 kJ
mol ! olarak hesaplanmistir; bu, adsorpsiyon siirecinin
kimyasal mekanizmalar tarafindan
yonlendirilebilecegini géstermektedir (Ebr = 1/V2B).
Bu deger, Ebr degeri, adsorpsiyon mekanizmasi
hakkinda bilgi saglar; Ebr degerleri > 16 kJ mol™
kemisorpsiyonu gosterirken, FEbr < 8 kdJ mol?
fizisorpsiyon olarak kabul edilir (Fawzy ve ark., 2022).

Temkin modeli, tek katmanli adsorbatin heterojen
bolgeler tlizerinde dagilimini, baglanma enerjisinin
diizglin dagilimini ve Langmuir modeli gibi adsorban
ve c¢oziinen madde arasinda tutarli bir etkilegimi
karakterize eder. Temkin izotermine goére, 90.69 J
mol 'k 1s1 adsorpsiyonu (B7) degerinin pozitif oldugu
gézlemlenmistir, bu da adsorpsiyon sisteminin
endotermik bir siirecten gectigini gostermektedir
(Vargas ve ark., 2011; Wu ve ark., 2009).

Langmuir izotermine gore gqmax 69.06 mg g olarak
belirlenmigtir. Atik pamuk sapindan tretilen yeni

adsorbent malzemenin atik sulardan sentetik
boyalarin  gideriminde olduk¢a etkili oldugu
gorilmustir. Bu adsorbent, farkli kirleticilerin

giderilmesinde oldukcga etkili oldugu kanitlandig i¢in
atik su kirliligi sorununa potansiyel bir ¢éziim olarak
kullanilabilir. Sadece sentetik boyalarin
uzaklastirilmasiyla sinirli olmayip, agir metaller,
farmasotikler ve organik Dbilegikler gibi diger
kirleticilerin atik sudan uzaklastirilmasi i¢cin de
kullanilabilir. Bu sayede, tarimsal atiklarin yeniden
degerlendirilmesiyle c¢evremizde bulunan Kkirletici
miktar1 énemli 6l¢iide azaltilabilir ve daha temiz ve
saghkl bir gelecege katkida bulunabiliriz.

Cizelge 4. Farklh aktif karbonlarin maksimum adsorpsiyon kapasiteleri
Table 4. Maximum adsorption capacity of different activated carbons

Hammadde gmax (mg g') Kaynak

Pamuk Sap: 69.06 Bu ¢aligsma

Gat sap1 (Catha edulis) 5.62 (Abate ve ark., 2020)
Hindistan cevizi lifi 27.44 (Uma ve ark., 2013)
Kavak agaci talas: 15.0 (Y1ldiz ve ark., 2023)

Irak hurmasi ¢ekirdegi 7.04 (Jawad & Khadim, 2022)
Guava (Psidium guajava ) tohumlari 31.82 (Elwardany ve ark., 2023)
Tohum kabugu (Jatropha curcas L.) 8.40 (Mohammad ve ark., 2018)

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
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olduklarini beyan eder.
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Cikar Catismasi Beyan:

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

Clinopodium betulifolium (Boiss. & Balansa) Kuntze is a perennial herb

belonging to the Lamiaceae family. There are few studies on C. Research Article
betulifolium, except for its essential oil. In this study, Alzheimer's and : :

cosmetic-related enzyme inhibitory activity and antioxidant activity of C. Ar tlc.le History .
betulifolium species were evaluated. This study extracted C. betulifolium Received : 12.12.2023
aerial parts by maceration using 70% methanol and water. Antioxidant Accepted © 22.04.2024
[DPPH scavenging assay, ABTS cation decolorization, and iron chelating Keywords

activity] and enzyme inhibition (acetyl-, and butyrylcholine esterase, and
tyrosinase) activities of C. betulifolium extracts were evaluated using
Elisa microplate reader at 2 mg mL! stock concentration. C. betulifolium
aqueous extract gave high antioxidant activity (ICso: 34.24 £ 5.01 pg mLs
1) in the ABTS method, while its 70% methanol extract (ICso: 100.75 +
2.62 ug mL1) was higher than the aqueous extract (ICso: 131.83 + 4.70 pg
mL1) in the DPPH method. C. betulifolium aqueous and 70% methanol
extract have moderate anti-tyrosinase activity. Both 70% methanol and
aqueous extracts showed similar and high activity against
acetylcholinesterase with the ICso values of 73.94 + 2.78 ug mL! and
81.71 + 9.38 pg mL1, respectively. C. betulifolium 70% methanol extract
(ICs0: 64.08 + 1.04 pg mL1) showed higher inhibitory activity than the
aqueous extract (ICso: 146.6 =+ 827 pug mL1) against
butyrylcholinesterase. These results provide basic information for studies
that will yield positive results in the development of pharmaceutical
formulations or food supplements to be used to treat Alzheimer's and
oxidative stress-related diseases.

Clinopodium betulifolium
Anti-cholinesterase
Anti-tyrosinase
Antioxidant activity

Clinopodium betulifolium (Boiss. & Balansa) Kuntze'nin in vitro enzim inhibisyonu ve antioksidan
aktivitesinin degerlendirilmesi

OZET

Clinopodium betulifolium (Boiss. & Balansa) Kuntze, Lamiaceae
familyasina ait ¢ok yillik bir bitkidir. C. betulifolium tizerine ugucu yagi
disinda pek fazla calisma bulunmamaktadir. Bu c¢alismada C.
betulifolium tirinin Alzheimer ve kozmetikle iligkili enzim inhibitor
aktivitesi ve antioksidan aktivitesi degerlendirildi. Bu calismada C.
betulifolium'un toprak ustii kisimlarindan %70 metanol ve su
kullanilarak maserasyon teknigi ile ekstraksiyon islemi yapildi. C.
betulifolium ekstrelerinin antioksidan [DPPH radikal siipiiriicii aktivite,
ABTS katyonik renk giderici ve demir selatlama aktivitesi] ve enzim
inhibisyonu (asetil/biitirilkolinesteraz ve tirozinaz) aktiviteleri, 2 mg mL-
1 stok konsantrasyonunda Elisa mikroplaka okuyucusu kullanilarak
degerlendirildi. C. betulifolium su ekstresi ABTS yonteminde yiiksek
antioksidan aktivite verirken (ICso: 34.24 + 5.01 pg mL?), DPPH
yénteminde %70 metanol ekstresi (ICso: 100.75 + 2.62 pg mL1) sulu
ekstresinden (ICso: 131,83 = 4,70 pg mLl) daha yiiksek aktivitede
bulunmustur. C. betulifolium su ve %70 metanol ekstreleri orta derecede
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anti-tirozinaz aktivitesine sahiptir. Hem %70 metanol hem de su
ekstreleri sirasiyla 73,94 + 2,78 ug mL1! ve 81,71 £+ 9,38 ug mL1 ICso
degerleriyle asetilkolinesteraza karsi benzer ve yuksek aktivite gosterdi.
C. betulifolium %70 metanol ekstresi (ICso: 64,08 + 1,04 pg mL),
biitirilkolinesteraza karsi su ekstresinden (ICso: 146,6 = 8,27 pg mL)
daha yiiksek inhibitor aktivite gosterdi. Bu sonuglar Alzheimer ve
oksidatif strese bagli hastaliklarin tedavisinde kullanilacak farmasotik
formiilasyonlarin veya gida takviyelerinin gelistirilmesinde olumlu
sonuclar verecek caligsmalar i¢in temel bilgiler saglamaktadir.
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INTRODUCTION

For the Lamiaceae family, Turkey is recognized as a
significant center of biodiversity. The family is
represented by 45 genera, 546 species, and 731 taxa in
Turkey (Satil et al., 2011). The Lamiaceae family also
includes the genus Clinopodium L, a few of which are
found in Africa, tropical Asia, and Indo-Malaysia. Still,
they are mostly distributed in the New World and
temperate Eurasia (Kadereit, 2004).

The initial revision of the genus Clinopodium was
carried out by Davis and Leblebici (Davis & Leblebici,
1982) for the "Flora of Turkey" and contained just two
species. The number of recognized taxa in Turkey has
increased to 38 as a result of the taxonomic
investigations. C. troodi (Post) Govaerts subsp.
grandiflorum (Hartvig and A.Strid) Govaerts and C.
troodi (Post) Govaerts subsp. vardaranum (Leblebici)
Govaerts are endemic plants in Turkey and East
Mediterranean elements (Ayla, 2017).

Several Clinopodium species have been studied for
their biological and medical applications. This genus
has been used for different infections in Ecuadorian
folk medicine (De la Torre et al., 2008). Also, In
Bulgaria, C. vulgare L. has been utilized for the
healing of wounds and has shown anti-bacterial
properties (Dzhambazov et al., 2002). In traditional
medicine, aerial parts of C tomentosum (Kunth)
Govaerts have been used to treat respiratory diseases,
inflammation, and gastrointestinal problems (Tubon
et al., 2020). In Mersin, Turkey, C. dolichodontum
(P.H.Davis) Brauchler & Heubl is used for gallstones,
analgesic, gastrointestinal pain, relaxant, cold, and flu
(Sargin, 2015). C. vulgare L. subsp. vulgare is used for
abdominal pain by wrapping the area in Izmit
(Kizilarslan & Ozhatay, 2012). C. acinos (L.) Kuntze,
C. congestum (Boiss. & Hausskn. ex Boiss.) Kuntze, C.
graveolens (M.Bieb.) Kuntze subsp. graveolens is used
internally for flu and cold in various regions of Turkey.
C. dolichodontum (P.H.Davis) Brauchler & Heubl
shortness of breath and eye diseases, C. nepeta (L.)
Kuntze subsp. glandulosum (Req.) Govaert snake
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bites, C. serpyllifolium (M.Bieb.) Kuntze subsp.
barbatum (P.H.Davis) Brauchler internally colic,
externally antiseptic wound healing, C. serpyllifolium
(M.Bieb.) Kuntze subsp. brachycalyx (P.H.Davis)
Brauchler diuretic, antiseptic, stomach ache, C.
serpyllifolium (M.Bieb.) subsp. fruticosum (L.
Brauchler is used for cough and stomach ache in
Turkey (Selvi et al., 2022).

Previous phytochemical research on the Clinopodium
species has revealed the presence of several
components, including phenylpropanoids, flavonoids,
triterpenoid saponins, and diterpenes, as well as fatty
acids and essential oils, that are showing various
biological effects (Sarikurkcu et al., 2015; Zeng et al.,
2016; Tubon et al., 2020). There are not many studies
on C. betulifolium (Boiss. & Balansa) Kuntze, known
as “kizil feslegen” in Turkey, except for taxonomical,
and morphological studies, and essential oil research
(Kiirkciioglu et al., 2007; Sevim & Atila, 2009).

Antioxidants can protect the body from the damaging
effects of free radicals and reactive oxygen species.
They prevent the progression of many serious diseases.
Researching alternative, and secure sources of
antioxidants as well as looking for mnatural
antioxidants, particularly those with a plant origin,
have received a lot of attention in recent years (Gulcin,
2020). There are antioxidant activity studies on C.
sericeum, C. vulgare, C. nubigenum, C. brownel
essential oils (Tepe et al., 2007; Noriega et al., 2018
Benites et al., 2021; P. Noriega et al., 2023). It has been
determined that the antioxidant activity of C. nepeta
and C. vulgare extracts is strong (Beddiar et al., 2021;
Bektasevié et al., 2022).

Acetyl/butyrylcholinesterase are enzymes that break
down acetylcholine, which 1s associated with
Alzheimer's disease and plays an important role in the
pathophysiology of the disease (Kocyigit et al., 2022).
The disease, which is especially common in the elderly
population, has become a major health problem.
Therefore, the discovery of new cholinesterase
inhibitors is important in the treatment of the disease
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(Erdogan Orhan et al., 2015; Giiclii et al., 2022).
Tyrosinase (TYR) is a copper-containing enzyme that
plays a role in the biosynthesis of melanin dark
pigment, and TYR inhibitors are being investigated as
skin-whitening agents in the cosmetic industry (Qian
et al., 2020). Among Clinopodium species, the enzyme
inhibition  effects  of C. vulgare  against
acetylcholinesterase, C. nepeta against cholinesterase
and TYR enzyme, and C. gilliesii (Benth.) Kuntze
against cholinesterase was evaluated (Beddiar et al.,
2021; Bektasevié¢ et al., 2022; Fernandez-Galleguillos
et al., 2023).

Clinopodium has potential therapeutic activities
including hemostasis, anti-bacteria, anti-
inflammation, immunoregulation, lowering blood
glucose, antioxidation, and anti-tumor (Yao et al.,
2020). Although the traditional uses of the
Clinopodium genus have been reported, research on
the phytochemical investigation and biological activity
of this genus is still needed. A comprehensive study
regarding the biological effects of C. betulifolium has
not been published until now. With the aim of
searching for the importance of C. betulifolium in
pharmacognosy, the bioactivity examinations on the
aerial parts of C. betulifolium were carried out for the
first time. The extracts with different polarity solvents
of C. betulifolium were evaluated through antioxidant
[1,1-Diphenyl-2- picrylhydrazyl (DPPH) quenching
assay and 2,2-azinobis-3- ethylbenzothiazoline-6-
sulfonic acid (ABTS) cation decolorization, and iron
chelating activity] and enzyme inhibition (acetyl-, and
butyrylcholine esterase, and tyrosinase) activities.

MATERIALS and METHODS
Plant Material

C. betulifolium was collected from Mersin (C4 Mersin:
Taurus Mountains, Glzeldere valley, 50m above the
rock; 20.06.2018; Herbarium No: S Dogu & Y Bagci
3076) and identified by Prof. Dr. Yavuz Bagci.

Extraction Methods

The shade-dried and powdered aerial parts of C.
betulifolium were separately macerated with 70%
methanol and water 3 times. Macerates were filtered
through pleated filter paper and evaporated to dryness
with a Rotary evaporator at 40°C. The extracts were
stored in the refrigerator for biological activity
experiments.

Total Phenol and Flavonoid Determination

The Folin Ciocalteu (F-C) method was employed to
measure total phenol content (TPC) in the extracts
(Clarke et al. 2013). The calibration curve of
absorbance versus concentration was determined to be
mg gallic acid equivalent (GAE) g! extract for all
analyses, which were carried out in triplicate.
Aluminium chloride colorimetric method was used to
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measure the total flavonoid content (TFC) in the
extracts. The findings were expressed as mg quercetin
equivalent (QE) gt extract (H. Yang et al., 2011).

Antioxidants Assay

For the ABTS radical scavenging activity of the
extracts, 15 mL of 7 mM ABTS and 264 uL of 140 mM
potassium persulfate solution are combined to create
ABTS -+ radical stock solution. The working solution
for ABTS++ is prepared to provide an absorbance of
0.70+0.02 at 734 nm. 50 pL of sample is combined with
100 pL of ABTS*+ working solution. After mixing for
10 minutes, absorbance is measured at 734 nm (Re et
al., 1999). After adding 20 uL of test solution on a 96-
well plate, 180 pL of DPPH solution is added. Using an
Elisa reader (Multiscan Sky, USA), the plate is
measured at 540 nm after 15 min incubation at 25°C
in the dark (Clarke et al. 2013). Ascorbic acid was used
as a positive control in DPPH and ABTS assay. The
iron chelating activity of the extracts was assessed by
the interaction of  ferrosine-Fe?*  complex.
Ethylenediaminetetraacetic acid (EDTA) was used as
positive control (Chai et al., 2014). All the antioxidant
activity analyses were performed in triplicate.

Enzyme Inhibition Assay

The inhibition activity of acetyl- and
butrylcholinesterase enzymes was conducted out
according to the Ellman et al.’s approach with some
modifications. 10 upL. of 3 mM 5,5-dithio-
bisnitrobenzoic acid (DTNB); 140 uL of 0.1 mM
phosphate buffer (pH 6.8); 20 uL of the enzyme (0.22 U
mL! for acetylcholinesterase/0.1 U mL! for
butyrylcholinesterase) produced in phosphate buffer;
and 20 pL of test sample/reference standard of varied
quantities. 10 pL of the substrate (0.71 mM
acetylthiocholine iodide/0.2 mM butyrylthiocholine
chloride in phosphate buffer) was added to start the
reaction. At 412 nm, absorbance was measured (Epoch,
USA). Galantamine served as the positive reference
(Ellman et al., 1961; Sinko et al., 2007). According to
Yang et al.'s approach, the extracts' TYR inhibitor
activities were assessed. To summarize, 20 pL of the
sample solution, 20 pL of the enzyme solution (20 pL
of mushroom tyrosinase in phosphate buffer), and 100
uL of phosphate buffer (0.1 M, pH 6.8) were added to a
96-well plate. The mixture was then incubated for 30
minutes at 25°C after 20 pL of a 3 mM L-tyrosine
solution prepared in phosphate buffer was added as
the substrate. At 492 nm, the absorbance was
measured using a microplate reader. Kojic acid served
as the positive reference (Yang et al., 2012). All the
enzyme inhibition analyses were performed in
triplicate.

Statistical analysis
The data are represented as the mean + standard
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deviation, with each analysis performed in triplicate.
Statistical significance was set at p< 0.05.

RESULTS and DISCUSSION

In this study, C betulifolium total phenol
quantification was found to be 40.48 = 1.51; and 56.37
+ 3.70 mg GAE g1 extract in 70% methanol and
aqueous extracts, respectively. TFC content of C.
betulifolium 70% methanol extract (3.19 + 4.98 mg QE
gl extract) was found quercetin equivalent. In
addition, free radical scavenging and iron chelating
activities of C. betulifolium extracts were investigated.
ICs0, or half-maximal inhibitory concentration, is the
concentration of an extract required to scavenge free
radical by 50%. The lower the ICs0 value calculated in
the antioxidant activity assays, the higher the
antioxidant activity. As a result, C. betulifolium
aqueous extract showed higher antioxidant activity
(ICs0' 34.24 + 5.01 pg mLY) than its 70% methanol
extract (ICso: 62.65 + 0.68 pg mL1). In the ABTS
method, while its 70% methanol extract (ICso: 100.75 +
2.62 pg mL?1) exhibited higher DPPH radical
scavenging activity than its aqueous extract (ICso:
131.83 + 4.70 ug mL1). Iron chelation activities of C.
betulifolium extracts were found close to each other
and low (Table 1). Additionally, the findings on the
extracts appear to have a strong positive correlation

between TPC and DPPH,
scavenging activities (Figure 1).

and ABTS radical
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Figure 1. Heatmap of correlations between the
analyzed antioxidant parameters*®
Sekil 1. Analizlerin antioksidan parametreleri

arasindaki korelasyonlarin 1s1 haritasi
*DPPH (r = 0.80, r=0.55, p<0.0001) and ABTS (r = 0.96, r=
0.20 p<0.0001) radical scavenging, and iron chelating (r =
0.95, r=0.25, p<0.0001) activities.

Table 1. Extract yield, total phenol and flavonoid contents, and antioxidant activity of C. betulifolium extracts.
Cizelge 1. C. betulifolium ekstrelerinin ekstre verimi, toplam fenol ve flavanoit icerikleri ve antioksidan aktivitesi

Iron-chelating

ABTS DPPH tiviti
TPC TFC (inhibition (inhibition acuvities
Extract . . (inhibition
Plant extract ield %e ol mg GAE g! mg QE g1 percentage + percentage + ercentage +
y 88 extract extracts S.D.) S.D.) p SD )g
1 1 -D.
2 mg mLi 2 mg mL 2 mg mL!
C. betulifolium 86.15+ 0.28" 83.84 £ 0.53™" 9.93 + 9.66"
70% methanol 5.24 40.48 +1.51 3.19 £ 4.98 (ICs0: 62.65 + (ICs0: 100.75 + : ’
extract 0.68 pg mL1) 2.62 ug mL?)
g 87.17+ 0.287 53.67 + 3,69
¢ betulifolium 14.03 56.37 + 3.70 (ICs0: 34.24+  (ICs0: 131.83+  9.55+3.17"

aqueous extract
Ascorbic acid (2 mg
mL1)

EDTA (2 mg mL'Y)

5.01 pg mL)
87.51 +0.17™

4.70 pg mL)
93.91 +0.14"

87.06 + 0.34™

The data are represented as the mean + standard deviation of three replicates. ** p < 0.01, *** p < 0.001

In the results on enzyme inhibition activity, C.
betulifolium aqueous (41.18%) and 70% methanol
(29.73%) extracts have moderate anti-TYR activities.
Both extracts similarly showed high inhibition
activities against acetylcholinesterase (ICso values of
70% methanol extract and aqueous extracts: 73.94 +
2.78, and 81.71 + 9.38 pg mL7, respectively). C.
betulifolium 70% methanol extract (ICso: 64.08 + 1.04
pg mL1) showed higher inhibitory activity than the
aqueous extract (ICso: 146.6 + 8.27 ug mL'1) against
butyrylcholinesterase (Table 2).
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Free radicals and reactive oxygen species cause
diseases such as neurodegenerative, atherosclerosis,
cancer, and inflammatory disorders by growing
damage to important macromolecules such as DNA,
protein, and lipid (Na et al., 2011). Studies have proven
that plant extracts and natural ingredients reverse the
negative effects of these radicals. Antioxidant activity
studies are particularly common on phenolic
compounds and there are very few studies on other
classes of natural products as antioxidant agents (El-
Sayed et al., 2008)
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In a study on Clinopodium genus, the antioxidant
effect of C. nepeta extracts was evaluated by six
methods (DPPH, ABTS'*, GOR, CUPRAC,
Phenanthroline, FRAP), where the BuOH extract was
the most active. Phenolic compounds such as apigenin
(21.75+0.41 pg g'1), myricetin (72.58 + 0.57 pg g'1), and
rosmarinic acid (88.51 + 0.55 pg g'1) were detected in
C nepeta (Beddiar et al., 2021). Contraversely, the

antioxidant activities of C. nepeta BuOH extract
(DPPH* ICs0: 8.12 + 0.11 pg mL; ABTS+ ICs0: 12.82
+ 2.62 ug mL1) was found to be high than antioxidant
activities of C. betulifolium MeOH and water extracts
(DPPH- ICs0: 100.75 + 2.62 pg mL1, 131.83 + 4.70 pg
mL1; ABTS<+ ICso: 62.65 + 0.68 ug mL1, 34.24 + 5.01
ng mL1), respectively.

Table 2. Enzyme inhibition activity of C. betulifolium extracts.
Cizelge 2. C. betulifolium ekstrelerinin enzim inhibisyonu.

TYR
(percentage + S.D.?)
2 mg mL1b

Plant extract

AChE BChE
(percentage + S.D.2) (percentage + S.D.)
2 mg mL1Pb 2 mg mL1b

C. betulifolium
70% methanol extract

C. betulifolium
aqueous extract

29.73 + 0.33™

41.18 £2.17™

72.60 + 5.87"**
(ICs0: 73.94 + 2.78 ng mL1)

81.62 + 5.20**
(ICs0: 81.71 + 9.38 ug mL1)

89.24 + 3.44***
(ICs0: 64.08 + 1.04 pg mL1)

61.82 + 2.80"**
(ICs0: 146.6 + 8.27 ug mL1)

Kojic acid 80.96 + 0.51*
Galantamine
hydrobromide

99.10 £ 1.18™

84.34 +4.85™

a Standard deviation, ? Stock concentration. The data are represented as the mean + standard deviation of three

replicates. *p < 0.05, ** p < 0.01, *** p < 0.001

In another study on C. vulgare, the total phenolic
content, DPPH, and FRAP values of the extract were
found 27.9 + 0.4 mg gallic acid equivalents per g
sample, 0.114 = 0.0004 mg mL!, and 1556 + 3 uM
trolox equivalents per g sample, respectively.
Bektasevic et al. examined the chemical composition of
C. vulgare hot water and methanol extract using
spectroscopic and HPLC/DAD techniques. Among
sixteen identified and quantified phenolic compounds
the dominant compounds were rosmarinic (26.63 and
34.21 mg g'1) and ellagic acid (23.11 and 29.31 mg g1
of hot water and methanol extract, respectively
(Bektasevié et al., 2022). The TPC content of C. vulgare
hot water (145.5 + 4.2 mg GAE g! extract) and
methanol (170.0 £ 3.9 mg GAE g1 extract) extracts was
higher than the TPC content of our extracts.
Controversially, C. vulgare methanol extract was
shown higher TPC content than water extract, while
C. betulifolium water extract was found higher
methanol content.

C. nepeta extracts showed moderate inhibition on
acetylcholinesterase, butyrylcholinesterase,
tyrosinase, and a-amylase. C. nepeta dichloromethane
extract gave the highest activity in both acetyl (ICso:
170.1 = 1.58 pg mL1), and butyrylcholinesterase (ICso:
73.06 + 0.83 pg mL1) (Beddiar et al., 2021). C.
betulifolium methanol extract showed higher activity
against cholinesterase than C. nepeta
dichloromethane extract. ICso values of all C. nepeta
extracts against TYR were higher than 200 pg mL1.
Since no inhibition above 50% occurred in this C.
betulifolium extract, ICso could not be calculated. Hot
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water and methanol extract of C. vulgare were not
inhibited against butyrylcholinesterase.
Acetylcholinesterase inhibition of C. vulgare extracts
was weak (Sarikurkcu et al., 2015). C. vulgare subsp.
vulgare methanol and water extracts had no TYR
enzyme inhibitory activity. In this study, C
betulifolium, methanol (29.73 + 0.33%), and water
extracts (41.18 + 2.17%) had moderate inhibitory
activity.

CONCLUSIONS

In this study, enzyme inhibition and antioxidant
activities of C. betulifolium were carried out for the
first time. C. betulifolium extracts showed remarkable
radical scavenging activity in both ABTS and DPPH
methods. On the contrary, iron chelating capacity of C.
betulifolium extracts was found to be low. Moreover, C.
betulifolium extracts showed moderate anti-TYR
inhibitory activity. Otherwise, C. betulifolium extracts
showed significant inhibitory activity against
Alzheimer-related enzymes. As a conclusion, our
findings revealed that 70% methanol extract of C.
betulifolium may be promising natural source to
conduct advanced studies. The following study will be
on the determination the phytochemical contents of C.
betulifolium and identification of the
phytoconstituents, responsible for the mentioned
biological activities.
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¢lirimeyen bitki materyalleri tizerinden miksomiset 6rnekleri toplanda.
Amacimiz hem bu bélgenin Myxobiota'sin1 hem de halofitik miksomiset
turlerini tespit etmektir. Toplanan orneklerde nemli oda teknigi

ABSTRACT Botany
This study aims to determine the myxobiota of the Iskenderun Gulf and
its environment. This study was carried out on samples collected from 9 Research Article
different stations in the Iskenderun Gulf district in 2019-2022.
Myxomycetes samples were collected from leaves, tree bark, and decayed Article History
and non-rotting plant materials. This aim is to detect both the myxobiota Received 114.07.2023
of this region and the halophytic myxomycetes species. The collected Accepted 1 14.05.2024
samples have developed myxomycete sporophores by using the moist
chamber technique. In addition, myxomycetes which were developed in Keywords
their natural environment were collected. As a result of the field and Myxomycetes,
laboratory studies, 161 samples from different localities were collected Biodiversity,
and processed and 111 myxomycete samples were obtained from these Halophytic,
samples. 41 species belonging to 6 ordo, 12 families, and 20 genera have Iskenderun Gulf
been defined. 3 species were obtained only from the natural environment, Hatay
30 species were obtained only from moist chamber culture, and 8 species
were obtained from both moist chamber culture and natural area. Arcyria
cinerea, Didymium difforme, D. squamulosum, and Physarum pusillum
were determined as abundant. While the number of species is rare in the
seaside regions, it was observed that the further away from the sea, the
number of species increased, especially in forest areas. A. cinerea, D.
difforme, and D. dubium are the most common species on the beach and
near the seaside. While cosmopolitan species were observed in
abundance, Physarida members were found to be common in this results
area. This study has contributed to the myxobiota of Tirkiye.
Iskenderun Korfezi (Akdeniz/Tiirkiye) ve Cevresinin Myxobiota'st
OZET Botanik
Bu calisma Iskenderun Korfezi ve cevresinin miksobiyatasinin
belirlenmesini amacglamaktadir. Bu c¢alisma 2019-2022 yillarinda Aragtirma Makalesi
Iskenderun Korfezi ve cevresinde 9 farkli istasyondan toplanan Makale Tarihcesi
numuneler lizerinde yapilmistir. Yaprak, aga¢ kabugu, c¢lirtumius ve Gelis Tarihi  : 14.07.2023

Kabul Tarithi :14.05.2024

kullanilarak miksomiset sporoforlar1 geligtirilmistir. Ayrica dogal ﬁﬁi?;iﬂiﬂ;?eler
ortamlarinda gelisen miksomisetler de toplanmastir. Arazi ve Biyogesitlilik ’
laboratuvar ¢alismalar: sonucunda farkli lokalitelerden 161 adet 6rnek Halofitik ’
toplanarak iglenmig ve bu érneklerden 111 adet miksomiset érnegi elde isken der;m Korfez
edilmigtir. 6 ordo, 12 familya ve 20 cinse ait 41 tiir tanimlanmistir. 3 tiir Hatay

sadece dogal ortamdan, 30 tiir sadece nemli oda kiltirinden, 8 tiir hem
nemli oda kiulturi hem de dogal ortamdan elde edilmistir. Arcyria
cinerea, Didymium difforme, D. squamulosum ve Physarum pusillum bol
olarak belirlendi. Denize kiyisi olan bélgelerde tiir sayis1 az bulunurken,
denizden uzaklagtikca 6zellikle ormanlik alanlarda tir sayisinin arttigi
gozlemlendi. A. cinerea, D. difforme ve D. dubium, sahilde ve deniz
kiyisina yakin yerlerde en yaygin tiirlerdir. Kozmopolit tiirler bol
miktarda gozlenirken c¢alisma alanimizda Physarida tyelerinin de
yaygin oldugu goriilmistiir. Bu calismada Tirkiye miksobiyotasina katki
saglanmagtir.
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INTRODUCTION mountains, and plains (FAO, 2019). Now the number

Myxomycetes have been known worldwide for 300
years and 6 orders, 14 families, 68 genera, and
approximately 1100 species have been identified until
today (Lado, 2005-2023). Studies on myxomycetes first
began with the description of the Lycogala epidendrum
by Pankow in 1654. In 1887, De Bary distinguished
between true slime molds and cellular slime molds
according to plasmodium formation. This researcher
showed both groups within Mycetozoa, reporting that
true slime molds were closer to Protozoa than fungi
(Alexopoulos et al., 1996). Plasmodial slime molds, also
referred to as acellular or true slime molds, are
considered a monophyletic taxon. In the current
classification of living organisms, they are placed in
the phylum Amoebozoa of the kingdom Protozoa as the
class Myxomycetes or Myxogastrea (Adl et al., 2019).
They are a group of amoeboid eukaryotes that produce
fungus-like fruiting bodies (Leontyev et al., 2019). De
Bary (1859) was the first to discover some protozoan
properties of such organisms, calling them Mycetozoa
(Rao & Chen, 2023). Myxomycetes are a group of
eukaryotic microorganisms in terrestrial ecosystems,
that are common in bark, woody debris, litter, lianas,
bryophytes, dung, and soil (Liu et al., 2015). They are
currently recorded in tropical, subtropical, temperate,
and boreal forests, tundra, grasslands, deserts, and
alpine snowbanks (Schnittler et al., 2017). However, in
terms of the distribution of the world’s climatic zones,
the distribution in tropical and temperate climates is
far more extensive than that of subtropical humid
climates, and the species of myxomycetes in
subtropical forests have not been sufficiently studied.
Subtropical regions have a humid climate and diverse
vegetation, and they are located in the transition
region between tropics and temperate zones.
Therefore, they should have abundant resources of
myxomycete species (Li et al.,, 2021). The main
influencing factors of species diversity of myxomycetes
are divided into abiotic factors, such as temperature,
humidity, altitude, water retention, and pH, and
biological factors, such as vegetation type, bacterial
composition, fungal composition (Liu et al., 2015;
Xavier de Lima & de Holanda Cavalcanti, 2015).

Turkiye shows different climatic, topographic, and
geological differences, it is located in an area where
three different geographical regions such as the
Mediterranean, Iran-Turan, and Euro-Siberia
intersect, is in the transition zone between the
European and Asian continents, is a gene center for
many living things, it is rich in biodiversity since it has
different habitats such as lakes, streams, swamps,
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of species has reached 309 today. These species belong
to 6 orders, 13 families, and 45 genera (Baba &
Sevindik, 2023). The Mediterranean Region is one of
the seven geographical regions of Tirkiye. It stretches
along the Mediterranean coast in the south of Anatolia.
Iskenderun Gulf is the easternmost point of the
Mediterranean, nestled between the provinces of
Hatay and Adana (Figure 1). There are 9 districts in
the Gulf, namely Karatas, Yumurtalik, and Ceyhan
belonging to the province of Adana, and Erzin, Dértyol,
Payas, Iskenderun, Belen, and Arsuz belonging to the
province of Hatay.

Figurel. Study area
Sekil 1. Calisma alani

The town of Arsuz (36°24'43.88" N - 35°53'25.11" E) is
located between the Amanos Mountains and the
Mediterranean coast. District lands are generally
covered with flat areas. High hills, valleys, and
plateaus are covered with forests in the parts close to
the Amanos Mountains. 50.5% of Arsuz district lands
are mountains, 45.7% plains, and 5.3% plateaus. The
highest point within the borders of the Arsuz district
is Daz Hill with 1.755 meters and Cobandede Hill with
a height of 1.722 meters. The most important streams
of the district are Zilli and Arsuz Streams
(Anonymous, 2021a).

Belen (36°27'36.90" N - 36°09'14.20" E) is a district of
Hatay province in the Adana Section of the
Mediterranean Region. Belen Pass, whose coordinates
and altitude are one of the most important passes in
Turkiye, is within the borders of the district and has
rich forest areas. The altitude of the district center,
which is 50 km away from Antakya, is approximately
700 meters. Since Belen is located within the borders
of the Mediterranean Region, the air masses and
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movements that are effective in the Mediterranean
Region also affect the climatic characteristics of the
district. The annual average temperature in Belen
district is 16.8°C. The annual average rainfall is 697.5
mm in Belen. The month with the highest average
precipitation in Belen is December (Anonymous,
2021a).

Iskenderun district (36°35'04.47" N - 36°10'36.10" E)
was established on the skirts of the Nur Mountains, on
an area of 5 km?, on the edge of the Mediterranean.
Coordinates and altitude Mediterranean climate are
observed in Iskenderun. The warmest month average
is 32-34 °C, the coldest month average is 10-12 °C. The
annual average temperature is 18 °C. The most
precipitation falls in the winter, the least in the
summer. Annual rainfall varies according to altitude.
The average is between 600-1000 mm (Anonymous,
2021a).

Payas (36°44'39.42" N - 36°17'04.98" E) district center
was established on a flat area on the Mediterranean
coast. Citrus spp. production and agriculture are
widespread. Its coordinates and altitude The most
important streams of the district are Kozludere and
Payas Streams. The Mediterranean climate is seen in
the Payas district. Summers are hot and dry, and
winters are cold and rainy (Anonymous, 2021a).

The district of Dértyol (36°49'07.96" N - 36°17'10.17"
E) is located in the North-South direction between the
Nur Mountains (Amanos), which is the extension of the
Eastern Taurus Mountains, and the Iskenderun Gulf
of the Mediterranean Sea, and consists of the Payas
Alluvial plains. In its coordinates and altitude the
climate is hot and dry in summer, mild and rainy in
winter, and a typical Mediterranean climate prevails.
Precipitation in the district is in the form of rain and it
is one of the centers that receive the most precipitation
after Rize in Turkiye. In the district, snow falls in high
mountain areas (Anonymous, 2021a).

Erzin (36°57'13.90" N - 36°12'18.82" E) district, located
on the western skirt of the Amanos mountains in the
north of Hatay province, facing the Mediterranean
Sea, in the triangle of Erzin, Adana Osmaniye Hatay,
with its back abutting the Amanos mountains and its
feet extending towards the Mediterranean.
Coordinates and altitude in the district, which has a
warm and rainy climate in winter, the temperature
and humidity increase in summer. Citrus spp.
production is widespread in Erzin, whose economy is
largely based on agriculture (Anonymous, 2021a).

The town of Ceyhan (37°01'43.58" N - 35°48'44.88" E)
is 43 km from Adana and 30 km from the
Mediterranean. Coordinates away and altitude
Climate is a typical Mediterranean climate. The
amount of precipitation in the Ceyhan Plain is 600—750
mm. While it is between 750—-1000 mm in mountainous
areas, 50% of precipitation falls in winter, 27% in
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spring, 18% in autumn, and 5% in summer. The most
important stream, the Ceyhan River, passes by the
district and its length is 509 km. The vegetation of
Ceyhan consists of maquis. Since Ceyhan is a large
plain, forest areas have been destroyed and turned into
agricultural areas. Located in the Ceyhan district of
Adana, Botas was established on the beach by the sea,
and its beach is 50 meters wide and 400 meters long
(Anonymous, 2021b).

Yumurtalik (36°46'07.05" N - 35°47'17.56" E) district,
81 km from Adana. It is located on the western shores
of Iskenderun Gulf in the southwest. It is a coastal
settlement surrounded by the Mediterranean to the
east and south of the district. Coordinates and altitude
located in the center of the district, there is an
extremely clear and clean natural beach, which is
especially popular with local tourists in summer. The
district also has a wide bay that gets shallower as you
go in and consists of swamps in places. Yumurtalik
Lagoon National Park, established on 16 December
2008, is a former National Park and today a nature
conservation area in the Yumurtalik district of Adana
province in the Mediterranean Region of Turkiye. The
lagoon has a total area of 16,430 hectares. It creates a
protected natural environment for the plant and
animal species in the lake lagoons on the Seyhan-
Ceyhan delta, especially for the rare plant species
known as Aleppo pine (Pinus halepensis Mill.)
(Anonymous, 2021b).

The district of Karatas (36°39'52.37" N - 35°15'33.21"
E) was established within the natural borders of the
Seyhan and Ceyhan rivers in the Eastern
Mediterranean region of Adana. The lands of the
district are located in the southern part of Adana
Province, which protrudes towards the Mediterranean.
The lands of the district, whose coordinates and
altitude are located in Cukurova, have a completely
flat plain land structure. The district has natural
beaches on the Mediterranean coast. There are lagoons
between the coastal dune banks and the sea
(Anonymous, 2021b).

In this context, it has been determined that no studies
have been carried out on myxomycetes, especially on
the coastline. In this study, the myxomycete diversity
of the research area was revealed, and the species that
spread in saline environments were determined in line
with the results obtained.

MATERIAL and METHOD
Research Area

9 districts located in the Gulf of Iskenderun, especially
in the coastal area, are homogeneously determined
(Konacik, Arsuz, Biiyiikkdere, Belen, Karaagac,
Iskenderun, Sariseki, Denizciler, Azganlik, Karayilan,
Payas, Yakacik, Doértyol, Yesilkent, Yeniyurt,
Kurtkulag: village, Ceyhan, Botas coast, Erzin free
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zone, Yumurtalik, Yumurtalik lagoon forest and
Karatas) plant substrates and natural samples
collected especially from the seaside and its immediate
surroundings were used as materials. Trips were
organized to the land between February 2019 and
January 2022, covering all four seasons.

Samplings and Identifications

In the context of field studies, various samples of
myxomycetes were gathered from different regions
within the Iskenderun Gulf district. These samples
were carefully extracted from their original
environments using a cutting tool and subsequently
transported to the laboratory in small carton boxes.
Samples were collected from various sources, such as
tree bark, cut tree stumps, rotting leaves, twigs, cones,
fruits, and vegetable residues, with the intention of
excluding myxomycetes and sporophore materials.
These samples were carefully placed in individual lock
storage bags and subsequently transported to the
laboratory for further analysis. Subsequently, within
the laboratory setting, the researchers successfully
achieved fructification formation using the Moist
Chamber Technique, as established by Gilbert &
Martin in 1933. In the application of the Moist
Chamber Technique, a dual layer of sterile filter paper
was positioned a top of the petri dishes or transparent
storage containers. Subsequently, the samples were
placed on the filter paper, followed by the addition of
distilled water. The anticipated outcome was the
gradual expansion of the samples throughout 24 to 48
hours. Efforts have been made to acquire sporophores
through the utilization of a stereomicroscope, with
periodic observations conducted under diffuse lighting
conditions. The samples were prepared by placing one
or two layers of blotting paper in the petri dishes
containing storage containers, followed by air-drying
at ambient temperature. Following the completion of
the drying process, the material transformed
fungarium material (Baba et al., 2020). The study
involved a comprehensive investigation of various
aspects of the spore, including its general structure,
shape, color, macroscopic measurements, capillitium,
presence of pseudocapillitium and columella Gf
present), as well as detailed analysis of its shape,
measurements, color, size, and spore ornamentations.
The identification of specimens was conducted through
the utilization of reference books (Martin &
Alexopoulos, 1969; Farr, 1981; Thind, 1977; Martin et
al., 1983; Neubert et al., 1993; Neubert et al., 1995;
Neubert et al., 2000; Stephenson & Stempen, 1994;
Lado & Pando, 1997; Ing, 1999). The fungarium
materials of the identified samples are stored in the
laboratory of the Department of Biology of HMKU
Faculty of Science and Arts.
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RESULTS and DISCUSSION

In the study conducted in the district of Iskenderun
Gulf (Adana, Hatay) in 2019-2021, 161 samples from
different localities were collected and processed in the
laboratory. A total of 111 myxomycete samples were
obtained from these samples. As a result of the
identification of myxomycete samples obtained from
the natural environment and moist chamber culture,
41 species belonging to 6 ordos, 12 families and 20
genera have been defined. 3 species were obtained only
from the natural environment, 30 species were
obtained only from moist chamber culture, and 8
species were obtained from both moist chamber culture
and natural area.

The taxa determined by the field studies are listed.
Habitat, geographical location, sample numbers, way
of obtaining methods, and substrates of the samples
are indicated.

Annotated List of Species

Domain: Eukaryota
Kingdom: Protista
Phylum: Amoebozoa
Infraphylum: Mycetozoa

1. Classis: Protostelia
Order: Protosteliida
Family Ceratiomyxaceae
Genus: Ceratiomyxa
1. Ceratiomyxa fruticulosa (O.F. Miill.) T. Macbr.
Distribution of species: Arsuz, on wood, Baba 10.

2. Classis: Myxogastria or Myxomycetes
Order: Echinosteliida
Family Echinosteliaceae
Genus: Echinostelium
2. Echinostelium minutum de Bary
Distribution of species: Karatas beach, on wood, Baba
137; Yumurtalik lagoon forest, on debris, Baba 102.

Order Liceida
Family Cribrariaceae
Genus: Cribraria
3. Cribraria argillaceae (Pers. ex J.F. Gmel.)
Pers.
Distribution of species: Karatas beach, on wood, Baba
147.
4. C. violaceae Rex
Distribution of species: Yumurtalik lagoon forest, on
wood, Baba 100.

Family Dictydiaethaliaceae
Genus: Dictydiaethalium
5. Dictydiaethalium plumbeum
Rostaf.
Distribution of species: Arsuz, on bark, Baba 6;
Karatas beach, on wood, 129; Kurtkulag1 village

(Schumach.)
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Ceyhan, on wood, Baba 85.

Family Liceaceae
Genus: Licea
6. Licea kleistobolus G.W. Martin
Distribution of species: Yumurtalik lagoon forest, on
wood, Baba 99.

Family Reticulariaceae
Genus: Lycogala
7. Lycogala epidendrum (L.) Fr.
Distribution of species: Yumurtalik lagoon forest, on
wood, natural, Baba 96.

Order Trichiida
Family Arcyriaceae
Genus: Arcyria

8. Arcyria cinerea (Bull.) Pers.

Distribution of species: Karaaga¢, on wood, natural,
Baba 15; Konacik, on wood, natural, Baba 106;
Yumurtalik lagoon forest, on wood, Baba 92, 95, 98; on
debris, Baba 92, 98, 99, 104.

9. A. incarnata (Pers. ex J.F. Gmel.) Pers.
Distribution of species: Yumurtalik lagoon forest, on
wood, Baba 105.

10. A. insignis Kalchbr. & Cooke,

Distribution of species: Denizciler, on debris, Baba 28;
Karatas beach, on wood, Baba 129; Konacik, on wood,
Baba 106; Yumurtalik lagoon forest, on wood, Baba
105.

11. A. obvelata (Oeder) Onsberg
Distribution of species: Yumurtalik lagoon forest, on
wood, natural, Baba 101.

12. A. pomiformis (Leers) Rostaf.

Distribution of species: Yumurtalik lagoon forest, on
wood, Baba 94, 99.

Genus: Perichaena

13. Perichaena chrysosperma (Curr.) Lister
Distribution of species: Payas, on dung, Baba 44.
Yumurtalik lagoon forest, on bark, Baba 105.

14. P. depressa Lib.
Distribution of species: Kurtkulag: village Ceyhan, on
wood, Baba 85; Yumurtalik lagoon forest, on wood,
natural, Baba 101.

Family Dianemataceae
Genus: Calomyxa

15. Calomyxa metallica (Berk.) Nieuwl.
Distribution of species: Yumurtalik lagoon forest, on
wood, Baba 94, Kurtkulag: village Ceyhan, on wood,
Baba 85.

Family Trichiaceae
Genus: Metatrichia
16. Metatrichia vesparia (Batsch) Nann.-Bremek.
ex G.W. Martin & Alexop.
Distribution of species: Yumurtalik lagoon forest, on
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wood, Baba 91.

Genus: Trichia

17. Trichia favoginea (Batsch) Pers.
Distribution of species: Doértyol beach, on wood, Baba
57.

Order Physarida
Family Didymiaceae
Genus: Diderma

18. Diderma hemisphaericum (Bull.) Hornem.
Distribution of species: Denizciler, on twig, Baba 24;
Karatas beach, on debris, Baba 128.

Genus: Didymium

19. Didymium annulisporum H.W. Keller

Schokn.

Distribution of species: Kurtkulag: village Ceyhan, on
bark, Baba 85.

20. D. bahiense Gottsb.
Distribution of species: Karaagac, on twig, Baba 16, 17,
18; Karatas, on bark, Baba 140, 145; Konacik, on wood,
Baba 108.

21. D. difforme (Pers.) Gray
Distribution of species: Botas beach, on debris, Baba
78; Denizciler, on bark, Baba 24, 29; Erzin free zone,
on filter paper, Baba 70; Karaagac¢, on petri dishes,
Baba 16; Karatas beach, on bark, Baba 132, Konacik,
on dung, Baba 109; Kurtkulagi village Ceyhan, on
dung, Baba 81, Yumurtalik lagoon forest, on wood,
natural, Baba 105.

22. D. dubium Rostaf.
Distribution of species: Arsuz, on bark, Baba 5,
Ceyhan, on debris, Baba 86, Ceyhan Erzin road, on
debris, natural, Baba 89, Karaagag, on twig, Baba 12;
Karatas beach, on wood, Baba 127, Payas, on bark,
Baba 40, Kurtkulag village, on bark, natural, Baba 84.

23. D. melanospermum (Pers.) T. Macbr.
Distribution of species: Karaagag, on twig, Baba 14,
Payas, on filter paper, Baba 43.

24. D. minus (Lister) Morgan
Distribution of species: Yumurtalik lagoon forest, on
wood, Baba 102.

25. D. squamulosum (Alb. & Schwein.) Fr. &

Palmquist

Distribution of species: Arsuz, on filter paper, Baba 7,
on wood, natural, Baba 10, Denizciler, on wood,
natural, Baba 24, Konacik, on petri dishes, Baba 109,
Kurtkulag: village Ceyhan, on petri dishes, Baba 86,
Yumurtalik lagoon forest, on debris, Baba 90, 98, 101,
105.

&

Genus: Mucilago

26. Mucilago crustacea P. Micheli ex F.H. Wigg.
Distribution of species: Karatas, on wood, natural,
Baba 144.

Family Physaraceae
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Genus: Badhamia

27. Badhamia dubia Nann.-Bremek.
Distribution of species: Yumurtalik lagoon forest, on
bark, Baba 94.

28. B. foliicola Lister
Distribution of species: Kurtkulag: village Ceyhan, on
debris, Baba 88.

29. B. macrocarpa (Ces.) Rostaf.
Distribution of species: Belen, on debris, Baba 35.

Genus: Physarum

30. Physarum album (Bull.) Chevall.

Distribution of species: Erzin region 3, on wood,
natural, Baba 61; Yumurtalik lagoon forest, on dung,
Baba 104, 105.

31. P. bethelii T. Macbr. ex G. Lister
Distribution of species: Dortyol beach, on wood, Baba
58.

32. P. cinereum (Batsch) Pers.

Distribution of species: Erzin free zone, on petri dishes,
Baba 67; Payas beach, on wood, Baba 44, 48;
Yumurtalik lagoon forest, on dung, Baba 104, 105.

33. P. compressum Alb. & Schwein.

Distribution of species: Arsuz, on wood, Baba 5, 10;
Konacik, on filter paper, Baba 106.

34. P. melleum (Berk. & Broome) Massee
Distribution of species: Arsuz, on wood, Baba 4.

35. P. pusillum (Berk. & M.A. Curtis) G. Lister
Distribution of species: Arsuz, on wood and debris,
Baba 5, 7, 9, 10; Botas beach, on wood, Baba 74;
Denizciler, on debris, Baba 25; Karaagag, on wood,
natural, Baba 14; Karatas, on wood, Baba 125;
Kurtkulag: village Ceyhan, on debris, Baba 85, Payas,
on wood, Baba 44, Yumurtalik lagoon forest, on wood,
natural, Baba 104.

Stemonitida
Stemonitidaceae
Genus: Comatricha

36. Comatricha ellae Hirk.

Distribution of species: Arsuz, on wood, Baba 4; Botas,
on debris, Baba 74.

37. C. nigra (Pers. ex J.F. Gmel.) J. Schrot.
Distribution of species: Konacik, on wood, natural,
Baba 102, Erzin region 3, on wood, Baba 70;
Yumurtalik lagoon forest, on wood, natural, Baba 94.

Genus: Macbrideola

38. Macbrideola cornea (G. Lister & Cran) Alexop.
Distribution of species: Yumurtalik lagoon forest, on
wood, Baba 91, 95.

Genus: Stemonitis

39. Stemonitis axifera (Bull.) T. Macbr.
Distribution of species: Yumurtalik lagoon forest, on
wood, Baba 94.

Genus: Stemonitopsis
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40. Stemonitopsis amoena (Nann.-Bremek.)
Nann.-Bremek.
Distribution of species: Erzin Region 5, on wood, Baba
67.
41. S. hyperopta (Meyl.) Nann.-Bremek.
Distribution of species: Yumurtalik lagoon forest, on

wood, Baba 91, 104.

Analysis of the prevalence of 41 species and 20 genera
demonstrated that the S/G value was determined as
2.05. A low rate of these results indicates that
taxonomic diversity is high (Stephenson et al., 1993).
It was reported that S/G values in temperate or
tropical regions are between 2.2 and 4.6 (Stephenson
et al, 2000). The present study findings were
consistent with the findings of other studies conducted
in the Mediterranean region. The ratio of the number
of species to the number of genera (S/G) is used as an
indicator of taxonomic diversity. In previous studies in
Turkiye, this rate was found to be 2.7 in Northern
Adana (Baba et al., 2016), 1.75 in Osmaniye (Baba,
2017), 2.6 in Gaziantep (Baba et al., 2021b) and 2.75 in
Batman (Baba et al., 2021c) in the vicinity of
Iskenderun Gulf. In the 9 districts where we collected
samples in the Iskenderun Gulf, we see that the
microbiota diversity in this results area is rich, since
the sea level, warm, and humidity ratios are suitable
for myxomycete development, as well as forested and
scrub areas are common.

The distribution of the species determined in this
results area is Physarida 18 species, Trichiida 10
species, Stemonitida 6 species, Liceida 5 species the
other two orders have one species. In the study
conducted in Afyon/Tirkiye, Physarida (24%),
Trichiida (27%), and Stemonitida (30%) were found
(Ocak, 2015). Trichiida (16.7%), Stemonitida (16.7%),
and Physarida (57%) were found in Gaziantep/Tiirkiye
(Baba et al., 2021b). Liceida (40%), Trichiida (26%),
Physarida (6.7%), and Stemonitida (22%) were found
in Northern Adana/Tirkiye (Baba et al., 2016).

In this study, Physaraceae 9, Didymiaceae 9,
Arcyriaceae 7, Stemonitidaceae 6, Trichiaceae 2,
Cribrariaceae 2, Liceaceae, Echinosteliaceae,
Dictydiaethaliaceae, Reticulariaceae, Dianemataceae
and Ceratiomyxaceae 1 species were determined. In
previous studies in Tirkiye, the most common families
are Stemonitidaceae, Physaraceae, Arcyriaceae,
Trichiaceae, and Didymiaceae. 72.4% of the species in
Manisa (Baba & Tamer, 2007), 78% in Hatay (Baba et
al., 2013), 70% in Adana (Baba et al., 2016) and 74.1%
in Konya (Yagiz & Afyon, 2007) are these families. In
these results, the rate of these 5 families was found to
be 80%. Stemonitidaceae, Physaraceae, Didymiaceae,
and Arcyriaceae family's rate were 88% in Gaziantep
(Baba et al., 2021b). The results show parallelism with
previous studies in Tirkiye.

In this study the most common genera are Didymium
(7 species), Physarum (6 species), and Arcyria (5
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species). The most common genera were reported as
Cribraria, Arcyria, Stemonitis, Physarum,
Comatricha, Licea, and Trichia in Adana (Baba et al.,
2016). The most common genera were reported
Arcyria, Comatricha, Didymium, Echinostelium, and
Physarum in Osmaniye (Baba, 2017). The most
common genera were reported as Didymium,
Badhamia, and Physarum in Gaziantep (Baba et al.,
2021b). The most common genera were reported as
Didymium, Physarum, Badhamia, Comatricha, and

Table 1. Abundance class of species
Cizelge 1 Tiirlerin bolluk sinifi ........

Licea in Batman (Baba et al., 2021c). It is important
that these genera contain the most common species, as
well as having cosmopolitan species, as well as having
a large number of species. The lime (calcium
carbonate) contained in the genus Physarida may also
cause them to tolerate sea salt on the beach.

Da silva & Cavalcanti (2010) reported 4 species of
Abundant (Over %7), 2 species of Common (5-7%), 5
species of Occasional (2-4%), and 30 species of Rare
(0.5-1 %) (Table 1).

Abundance class Species

Abundant (Over %7)
Common (5-7%)
Occasional (2-4%)
album, P. cinereum
Rare (0.5-1 %)

Arcyria cinerea, Didymium difforme, D. squamulosum, Physarum pusillum
Didymium dubium, D. bahiense
Arcyria insignis, Comatricha nigra, Dictydiaethalium plumbeum, Physarum

Arcyria incarnata, A. obvelata, A. Pomiformis, Badhamia dubia, B. Foliicola, B.

macrocarpa, Calomyxa metallica, Ceratiomyxa fruticulosa, Comatricha ellae,

Cribraria argillaceae,

C. Violaceae, Diderma hemisphaericum, Didymium

annulisporum, D. melanospermum, D. minus, Fchinostelium minutum, Licea
kleistobolus, Lycogala epidendrum, Macbrideola cornea, Metatrichia vesparia,
Mucilago crustacea, Perichaena chrysosperma, P. depressa, Physarum bethelil, P.

compressum, P.

melleum, Stemonitis axifera, Stemonitopsis amoena, .
hyperopta, Trichia favoginea

In this study, Arcyria cinerea, Didymium difforme, D.
squamulosum, and Physarum pusillum were abundant
species. It has been reported that these species are the
most common species in studies conducted in the
immediate environment. In a study conducted in
Northern Adana/Turkiye, Arcyria pomiformis,
Ceratiomyxa fruticulosa, Cribraria argillaceae, C.
cancellata, C. vulgaris, FEnerthenema papillatum,
Lycogala epidendrum and Trichia favoginea were
reported to be most common species (Baba et al., 2016).
In the study conducted in Batman/Turkiye, Didymium
annulisporum, D. diffform, D. megalosporum, D.
squamulosum, and Lamproderma arcyrioides were
reported to be the most common species (Baba et al.,
2021c). Also, previous studies have reported that
Arcyria cinerea, Didymium difforme, and D.
squamulosum can grow on all kinds of substrates and
in almost all parts of the world. Geographically, £.
minutum, A. cinerea, A. denudata, and D. difforme are
prevalent globally on all types of substrates (Martin &
Alexopoulos 1969; Stephenson & Stempen, 1994; Alves
et al., 2010; Baba, 2012; Baba, 2015; Ergiil et al., 2016).

CONCLUSION

In this study, 41 species of 12 families and 20 genera
were determined. While the number of species is rare
in the seaside regions, It was observed that the further
away from the sea, the number of species increased,
especially in forest areas. While cosmopolitan species
were observed in abundance, Physarida members were

found to be common in this results area. The above
species can be said to be Halophilic species. However,
there is a need for more research, morphological,
systematic, and physiological studies on this subject.

ACKNOWLEDGMENTS

None

Contribution Rate  Statement Summary of
Researchers

The authors declare that they have contributed equally
to the article.

Conflict of Interest

The authors of the article declare that there is no
conflict of interest between them.

REFERENCES

Adl, S. M., Bass, D., Lane, C. E., Lukes, J., Schoch, C.
L., Smirnov, A., Agatha, S., Berney, C., Brown, M.
W., Burki, F., Cérdenas, P. Cepitka, I,
Chistyakova, L., Del Campo, J., Dunthorn, M.,
Edvardsen, B., Eglit, Y., Guillou, L., Hampl, V., ...
Zhang, Q. (2019). Revisions to the classification,
nomenclature, and diversity of Eukaryotes. Journal
of  Eukaryotic —Microbiology, 66(1), 4-119.
https://doi.org/10.1111/jeu.12691

Alexopoulos, C. J., Mims, C. W., & Blackwell, M.
(1996). Introductory Mycology (4th ed.). John Wiley
and Sons, Inc.

1295


https://doi.org/10.1111/jeu.12691

KSU Tarim ve Doga Derg 27 (6), 1289-1297, 2024
KSU J. Agric Nat 27 (6), 1289-1297, 2024

Arastirma Makalesi
Research Article

Alves, M. H., Costa, A. A. A,, & Cavalcanti, L. H.
(2010). Myxomycetes, state of Ceard, northeastern
Brazil. Check List, Journal of Species Lists and
Distribution, 6(4), 555-558.

Anonymous. (2021a). http://www.hatay.gov.tr

Anonymous. (2021b). Adana doga turizmi master plani
2013-2023, Orman ve Su Isleri Bakanlig1 VII. Bélge
Muduarlaga, pp. 24-32, Adana-Tirkiye.

Baba, H. (2012). Myxomycetes of Mustafa Kemal
University Campus and Environs. Turkish Journal
of Botany, 36, 769-7717. https://doi.org/10.3906/bot-
1103-10

Baba, H. (2015). Investigation of Myxomycetes
diversity on Kuseyr Mountain; Three new records
in Hatay/Turkiye. Fresenius Environmental
Bulletin, 24(11), 4077-4086.

Baba, H. (2017). Some Mycetozoa (Myxomycetes)
members from Zorkun high plateau (Osmaniye).
Anatolian Journal of Botany, 1(2), 37-40.

Baba, H., & Tamer, A. U. (2007). A study on the
Myxomycetes in Manisa. OT Sistematik Botanik
Dergisi, 142), 179-196.

Baba, H., & Sevindik, M. (2023). Myxomycetes
(Myxogastria) of Tirkiye: A checklist 2023.
Mycopath, 21(1), 53-617.

Baba, H., Zumre, M., & Gelen, M. (2016). An
Investigation on North Adana (Tirkiye)
Myxomycetes. Chiang Mai Journal of Science,
43(1), 54-67.

Baba, H., Giindogdu, F., & Sevindik, M. (2021b).
Myxomycetes biodiversity in Gaziantep Province
(Tiirkiye) with four new records. Phytotaxa, 478(1),
105-118.
http://dx.doi.org/10.11646/phytotaxa.478.1.7

Baba, H., Altas, B., & Sevindik, M. (2021c).
Myxomycetes diversity of Batman Province and
Hasankeyf District. KSU Journal of Agriculture
and Nature, 24(2), 435-441. https:/doi.org/
10.18016/ksutarimdoga.vi.737714

Da Silva, C. F., & Cavalcanti, L. H. (2010). Myxobiota
of the Brazilian Atlantic Forest: species on oil palm
trees (Elaeis guineensis, Arecaceae). Rodriguésia,
61(4), 575-583.

Ergul, C. C., Akgiil, H., & Oran, R. B. (2016). New
records of Mycetozoa taxa from Turkiye. Oxidation
Communications, 392), 1615-1623.

FAO. (2019). Tirkiye'nin Biyocesitliligi: Genetik
Kaynaklarin  Strdirilebilir Tarim ve Gida
Sistemlerine Katkisi. Ankara. 222 s.

Farr, M. L. (1981). True Slime Molds. Wm. C. Brown
Comp., p. 132, Dubuque Iowa.

Gilbert, H. C., & Martin, G. W. (1933). Myxomycetes
found on the bark of living trees. University of lowa,
University of lowa Museum of Natural History,
15(3), 3-5.

Ing, B. (1999). The Myxomycetes of Britain and
Ireland. The Richmond Publishing Co.

Lado, C., & Pando, F. (1997). Flora Mycologica Iberica,

1296

Vol. 2. CSIC, p. 323, Madrid, Spain.

Lado, C. (2005-2023). An online nomenclatural
information system of Eumycetozoa. Real Jardin
Botanico, CSIC. Madrid, Spain. Last updated
December 18, 2023. http!//www.nomen.
eumycetozoa.com.

Leontyev, D. V., Schnittler, M., Stephenson, S. L.,
Novozhilov, Y. K., & Shchepin, O. N. (2019).
Towards a phylogenetic classification of the
myxomycetes.  Phytotaxa, 3993), 209-238.
http://dx.doi.org/10.11646/phytotaxa.399.3.5

Li, M,, Tao, X, Li, B., Du, Q., Zhu, X. Q., Huang, D. M.,
Yan, S. Z., & Chen, S. L. (2021). Spatiotemporal
distribution and dynamic changes of myxomycetes
in subtropical forests of China. Fungal Ecology, 53,
101078. https://doi.org/10.1016/j.funeco.2021.
101078

Li, M., Wang, G., Gao, Y., Dou, M., Wang, Z., Yan, S.,
& Chen, S. (2021). Distribution and diversity of
myxomycetes in Tiantangzhai National Forest
Park, China. Peer J, 9, €12059. https://doi.org/
10.7717/peerj.12059

Liu, Q. S, Yan, S. Z., & Chen, S. L. (2015). Species
diversity of myxomycetes associated with different
terrestrial ecosystems, substrata (microhabitats)
and environmental factors. Mycological Progress,
14(5), 1-13. httpsi//doi.org/10.1007/s11557-015-
1048-9

Martin, G. W., & Alexopoulos, C. J. (1969). The
Mpyxomycetes. University of Iowa Press, p. 560,
Towa City.

Martin, G. W., Alexopoulos, C. J., & Farr, M. L. (1983).
The Genera of Myxomycetes. University of Iowa
Press, p. 438, Towa City.

Neubert, H., Nowotny, W., & Baumann, K. (1993). Die
Myxomyceten (Band I). Karlheinz Baumann Verlag
Gomaringen.

Neubert, H., Nowotny, W., & Baumann, K. (1995). Die
Myxomyceten (Band II). Karlheinz Baumann
Verlag Gomaringen.

Neubert, H., Nowotny, W., Baumann, K., & Marx, H.
(2000). Die Myxomyceten (Band III). Karlheinz
Baumann Verlag Gomaringen.

Ocak, 1. (2015). Seasonal distribution of field-collected
myxomycete in  the Koroglubeli  forest,
Afyonkarahisar, Turkiye. FEkoloji, 24, 48-56.
http://dx.doi.org/10.5053/ekol0ji.2015.18

Rao, G., & Chen, S. (2023). Advancements in the
taxonomic study of myxomycetes (Myxogastrea) in
China. International Journal on Fungal Biology,
14(4), 316-325. https://doi.org/ 10.1080/ 21501203.
2023.2255031

Stephenson, S. L., Kalyanasundaram, I., & Lakhanpal,
T. N. (1993). A comparative biogeographical study
of myxomycetes in the mid-Appalachians of eastern
North America and two regions of India. Journal of
Biogeography, 20(6), 645-657. httpsi//doi.org/
10.2307/2845520


http://www.hatay.gov.tr/
https://doi.org/10.3906/bot-1103-10
https://doi.org/10.3906/bot-1103-10
http://dx.doi.org/10.11646/phytotaxa.478.1.7
http://dx.doi.org/10.11646/phytotaxa.399.3.5
https://doi.org/10.1007/s11557-015-1048-9
https://doi.org/10.1007/s11557-015-1048-9
http://dx.doi.org/10.5053/ekoloji.2015.18

KSU Tarim ve Doga Derg 27 (6), 1289-1297, 2024
KSU J. Agric Nat 27 (6), 1289-1297, 2024

Arastirma Makalesi
Research Article

Stephenson, S. L., & Stempen, H. (1994).
Myxomycetes' A Handbook of Slime Molds. Timber
Press.

Stephenson, S. L., Novozhilov, Y. K., & Schnittler, M.
(2000). Distribution and ecology of myxomycetes in
high latitude regions of the northern hemisphere.
Journal of  Biogeography, 27, 741-754.
https://doi.org/10.1046/1.1365-2699.2000.00442.x

Schnittler, M., Dagamac, N. H. A., & Novozhilov, Y. K.
(2017). Biogeographical patterns in myxomycetes.
In S. L. Stephenson & C. A. Rojas (Eds),
Myxomycetes: Biology, Systematics, Biogeography,

and Ecology (pp. 299-331). Academic Press.

Thind, K. S. (1977). The Myxomycetes of India.
I.C.AR., p. 702, New Delhi.

Xavier de Lima, V., & de Holanda Cavalcanti, L.
(2015). Ecology of lignicolous myxomycetes in
Brazilian Atlantic Rain Forest. Mycological
Progress, 14(10), 92. https://doi.org/10.1007/s11557-
015-1115-2

Yagiz, D., & Afyon, A. (2007). The ecology and
chorology of Myxomycetes in Turkiye. Mycotaxon,
101, 279-282.

1297


https://doi.org/10.1046/j.1365-2699.2000.00442.x
https://doi.org/10.1007/s11557-015-1115-2
https://doi.org/10.1007/s11557-015-1115-2

KSU Tarim ve Doga Derg 27 (6), 1298-1303, 2024
KSU J. Agric Nat 27 (6), 1298-1303, 2024
DOI:10.18016/ksutarimdoga.vi. 1441903

O

A New Record for The Flora of Turkiye: Cousinia mazu-shirinensis Rech.f.

Mehmet FIDAN?, Siileyman Mesut PINAR2“, Hiiseyin EROGLUS, Metin ARMAGAN4

1Department of Biology, Faculty of Art and Sciences, Siirt University, Kezer-Siirt, Tirkiye, 23Department of Biology, Faculty of Sciences,
Yizinctu Yil University, Tugba-Van, Turkiye, ‘Department of Field Crops, Eregli Faculty of Agriculture, Necmettin Erbakan University,

Konya, Turkiye

Thttps://orcid.org/0000-0002-0255-9727, 2https://orcid.org/0000-0002-1774-7704, 3https://orcid.org/0000-0001-9171-5607

4https://orcid.org/0000-0002-3913-954X
<: mesutpinar@hotmail.com.tr

ABSTRACT

Botany

Cousinia mazu-shirinensis taxon was recorded for the first time in the

Flora of Turkiye from Sirnak province, located in the southeast of
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Turkiye. The morphological characteristics of the C. mazu-shirinensis,

the map of the distribution area, and the photographs of its natural
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Cousinia mazu-shirinensis taksonu Tirkiye Florasina ilk kez )

Turkiye'nin gineydogusunda yer alan Sirnak ilinden kaydedilmistir. C. Aragtirma Makalesi
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INTRODUCTION

The genus Cousinia Cass. was described by the French
botanist and naturalist Alexandre Henri Gabriel de
Cassini (Cassini, 1827). According to APG IV, the
genus Cousinia is in the subfamily of Carduoideae
(Stevens, 2001; APG, 2016). According to the
Compositae Global Database data, the genus is
represented in the world by approximately 700 taxa
(CWG, 2023). The Cynaroideae Bunge is the largest
section of the genus Cousinia and represents 113
species (Restegar et al., 2018), and is distributed in
Lebanon, Syria, Tirkiye, the Caucasus, Iraq, Iran,
Turkmenistan, Afghanistan, and Pakistan. This is
characterized by the number of chromosomes as 2n =
24, + spiny-winged leaves and appendaged phyllaries

(Mehregan & Kadereit, 2008).

According to the latest revision study of Cousinia, the
genus is represented by 39 species, one of which is a
dubious record, in 6 sections in the Turkish flora, and
26 of these species are endemic (Tugay, 2012). Then,
three new taxa were found in three separate studies;
the first is hybrid, the second is a new species and the
last one is a new record taxon published by Tirkiye
(Il¢im et al., 2013; Fidan et al., 2019; Tugay et al.,
2019). Nine of these 41 taxa are included in the
Cynaroideae section (Huber-Morath, 1975; Tugay,
2012; Fidan et al.; 2019).

In 2015, during the field studies carried out around the
Balveren town, Sirnak province, a population of the
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genus Cousinia, which is interesting in terms of flower
color, was encountered. In the field studies carried out
in the same area in the following years, the same
population could not be found anymore due to grass
cutting. In 2018 and 2019, in the biodiversity study
conducted in the province of Sirnak, another
population consisting of the same specimens was found
approximately 10 km east of the first region.
Individuals from the population were photographed
and collected in their natural habitats. Since the
specimens could not be identified from the flora of
Tiirkiye (Huber-Morath, 1975), they were identified
from the Flora Iranica because they were close to the
region. As a result of the diagnosis, it was concluded
that the specimens belonged to the Cousinia mazu-
shirinensis Rech.f. species, which has not been
recorded before in the flora of Tirkiye but is found in
Iraq.

MATERIAL and METHODS

The material of the study consists of specimens of the
genus Cousinia collected from the towns of Senoba and
Balveren, Sirnak province, Tirkiye, in 2015, 2018 and
2019. The plant specimens were photographed in their
natural habitat (Figure 1) collected from the field and
dried. First of all, Flora of Turkey was consulted for the
identification of the collected specimens (Huber-
Morath, 1975). When the specimens could not be
identified using the Flora of Turkey, the relevant
volumes of the Flora Iranica were consulted and
identified from there (Rechinger, 1972; 1979). Life
span, stem and leaf characteristics, involucral
(especially phyllary and appendage characters), and
floral characteristics were used when identifying the
taxon. Herbarium specimens found in international
digital herbaria (E, K, and W) were compared with the
collected specimens (Figure 2). Specimens deposited in
Van Yiiziincii Y1l University Herbarium (VANF) and
Siirt University Flora and Fauna Center Herbarium
(SUFAF) (herbaria abbreviation follows Thiers, 2024).
The detailed structures of the phyllaries and flowers of
the specimens were examined under a Leica EZ4
brand/model stereo microscope (Figure 3).

Morphological examinations and measurements of the
collected specimens were made. By combining these
measurements with the description in the Flora
Iranica, the description of the taxon was expanded.

The map showing the known distribution area of the
taxon was prepared using Google Earth (Google Inc.,
2024) (Figure 4).

RESULT and DISCUSSION

Cousinia mazu-shirinensis Rech.f,,
[Rechinger] 90: 226 (1972).

Typus: WHEELER-HAINES 2046, E (photo!)

Description: Biannual or perennial monocarpic herbs,

Fl.

Iranica

1299

25-46 cm tall, usually branched from the base. Stems
slender, cylindrical, densely arachnoid-tomentose in
base, sparsely arachnoid-tomentose above. Leaves
coriaceous-herbaceous, reticulate, dentate, decreasing
from bottom to top, densely arachnoid-tomentose
below, sparsely arachnoid pubescent above, with
spines ca. 1-3 mm long; basal leaves elliptical, broadly
oblong to oblanceolate, 15-30 X 4—7 cm, simple or 2—3
pinnatipartite, segments elliptically ovate, triangular
or lanceolate, upper segment bigger than others,
broadly ovate, rachis ca. 1-2 mm broad; stem leaves
decurrent, pinnatisect at the lower part of the stem,
simple at the upper part of the stem, decurrent into
wings up to 4.5-10 mm (including spines); lower leaves
elliptical, 5-10 x 2-3 cm, pinnatisect; middle stem
leaves narrowly ovate, 2-5 X 1.5-3 cm, upper leaves
ovate to linear-lanceolate, 0.8-3 X 0.5-1.5 cm,
including spines. Capitula 6-12, single on the top of
branches, 40-60 flowered, involucre ovoid-globose to
subglobose, 20-35 X 20-55 mm including spines;
phyllaries 40—90(-120), glabrous, densely imbricate,
inner phyllaries linear, subulate, 19-30 X 1-3.5 mm,
middle phyllaries narrowly oblong, 3—13.5 X 3-5.5 mm,
outer phyllaries narrowly oblong, 1.5-3 X 2-5 mm,
patent or recurved, broadly rhomboid to rhomboid-
flabellate appendage; appendages 8-16.5 X 4—15 mm,
carinate, sharply attenuate into a 1-3.5 mm long spine
at apex, with 0.5—-1.5 mm, up to 1-3 rows tiny spines
on both sides, median vein of appendage prominent,
outer surface glabrous, papillate, inner sparsely
arachnoid-tomentose, enlarged middle part of
appendage long beard like hairy; bristles of receptacle
smooth, 9-16 mm long; flowers wine purple, 20-26 mm
long; anther tubes wine purple, glabrous; bristles of
pappus barbellate, 3.5-5.5 mm long; achenes black-
brown, obovate, 4.5-5.5 X 2—3.5 mm.

Turkish name: The genus Cousinia is known as
“Kizan” in Turkish (Tugay, 2012). The authors suggest
the name of the species as “Erbilkizan1”, as it was first
described in Erbil province, Iraq according to
Menemen et al. (2016).

Distribution: The taxon is distributed in the northern
region of Iraq and southeast of Tiirkiye (Figure 4).

Habitat: The taxon is distributed in oak areas and
steppes open to oaks.

Phenology: The flowering season of the taxon is mid-
June and the fruiting season of the taxon is July.

Examined specimens: —TURKIYE. C9 Sirnak:
Balveren Town, Cevizli Hamlet, Pista Guva Bapire
Miste district, oakyards, 37° 29' 31" N, 42° 39' 07" E,
14 July 2015, M. Fidan 1848 (VANF! SUFAF));
Uludere, Senoba Town, Senoba to Uludere 1 km,
oakyards, steppe, 950 m, 37° 27' 30" N, 42° 43' 55" E,
28 June 2019, M. Fidan, M. Pinar, H. Eroglu, MMH
1623 (VANF!, SUFAF!). —IRAK, Kurdistan, Arbil,
Kani Mazu Shirin, 5000 ft., 20.6.1961, Agnew,A.D.Q).
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& Hadacé & Wheeler Haines, R., 2046 [E (E00383837) (W19720001074) photo!].
photo!; isotypes: K (K000778377) photo!, W

Figure 1. Cousinia mazu-s]]irzhensjé a. habit, b. capitula, c. basal, and stem leaves
Sekil 1. Cousinia mazu-shirinensis a. genel goériinig, b. kapitula, c. gévde ve taban yapraklar:

Cousinia mazu-shirinensis species was considered a the Turkish border. In other words, it is inevitable that
synonym of the Cousinia odontolepis DC. subsp this taxon exists in Tirkiye. The authors predict that
odontolepis taxon with the studies carried out after the the taxon will probably be found in the south of
writing of the Flora Iranica. With this study, the Hakkari province, Tiirkiye, in future studies.

number of taxa in the Cynaroidae section was sharply Cousinia mazu-shirinensis can be easily distinguished
(110 to 31) reduced (Mehregan & Kadereit, 2008). This from other Cousinia taxa distributed in the region,
study is mostly based on examining the morphological especially by its wine-purple flower color (Figure 1).
characteristics of materials in herbaria. According to This was the most distinctive feature that attracted
this study, not only C. mazu-shirinensisbut also many the authors' attention in the field.

taxa previously recorded in Turkey have become
synonymous with other taxa. However, in subsequent
studies, this concept was not widely accepted because
involucral characters were ignored and sufficient

population observations were not made (Attar &
Djavadi, 2010; Tugay, 2012; Restegar et al., 2018). ACKNOWLEDGEMENTS

When the distribution of Cousinia mazu-shirinensis %h? aut.hor; Wou}g hllge to tﬁa;k .Van gumg'lcu ,Yﬂ
taxon is screened in preliminary studies, it is seen that niversity Scientific Research Projects Coordination

e . 1 Unit for supporting Mehmet Fidan's doctoral thesis
t is distributed in th theast of the Bitlis-Z

1 18 distributiedt 1 the soubneast of the Ditisaagros project (Project number 2014-FBE-D086). They would
like to thank the Republic of Turkiye Ministry of
Agriculture and Forestry, which provided support for

With this study, the number of taxa of the genus
Cousinia in Turkiye increased to 42 one of which is a
dubious record, 28 of those are endemic.

suture zone (Rechinger, 1979; Hiising et al., 2009;
Yesilova & Helvaci 2012) (Figure 4). Cousinina mazu-
shirinensis was described from a region very close to
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Figure 2. Isotype specimen of Cousinina mazu-shirinensisin the Wienn Herbarium (W19720001074).
Sekil 2. Cousinina mazu-shirinensis’in Wienn Herbaryumunda yer alan isotip érnegi (W19720001074).
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a b ¢ d
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Figure 3. Phyllaries and flower images of Cousinia mazu-shirinensis a. outer phyllary b. middle phyllary, c. inner
phyllary d. flower (bars 5 mm).

Sekil 3. Cousinia mazu-shirinensis’in fillari ve ¢igek goriintiileri a. dis fillariler b. orta fillariler, c. i¢ fillariler d.
gicek (barlar 5 mm).

......

L e TR Ao - e >,

Figure 4. Map showing the distribution area of Cousinina mazu-shirinensis. Red square: the region where the
species was first recorded in Tirkiye; Blue circles: literature records showing the species' previous
distribution area (Rechinger, 1972) (Map taken from Google Earth software).

Figure 4. Cousinina mazu-shirinensis'in dagilim alanini gésteren harita. Kirmizi kare’ tiirtin Tirkiye'de ilk
kaydedildigi bolge; Mavi daireler: tiiriin énceki dagilim alanini gosteren literatiir kayitlar: (Rechinger,

1972) (Harita Google Earth yazilimindan alinmistir).
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ABSTRACT Mycology
Inocybe specimens were collected from Ankara University Besevler
10. Yil Campus, (Ankara, Tiirkiye) on October 19, 2022. As a result, Research Article
the samples were identified as I costinitii, a new record for Turkish
Inocybe. This study presents a detailed description of this newly Article History
recorded species, covering aspects such as its location, observations of Received 112.04.2024
its habitat, geographical coordinates, the date of collection, and Accepted 111.06.2024
photographs that highlight its macroscopic and microscopic Keywords
characteristics. Moreover, the study features the species' drawings Inocybe costinitii
and some of its microscopic traits. The study is enhanced by images Inocybaceae
obtained from a scanning electron microscope (SEM), briefly New record
examining the spore features and discussed briefly. Turkiye
Morfolojik ve Molekiiler Verilerle Inocybe costinitirnin Tiirkiye'deki Ik Raporu
OZET Mikoloji
Inocybe 6rnekleri Ankara Universitesi Begevler 10. Y1l Kampiisii'nden
(Ankara, Tiirkiye) 19 Ekim 2022 tarihinde toplanmistir. Sonuc olarak, Aragtirma Makalesi
bu 6rnekler Turkiye Inocybe cinsi i¢in yeni bir kayit olan I costinitii
olarak tanimlanmigtir. Bu calisma, yeni kaydedilen bu tirin konumu, Makale Tarihgesi
yasam alami gozlemleri, cografi koordinatlari, toplanma tarihi ve Gelis Tarith1  :12.04.2024
makroskobik ve mikroskobik 6zelliklerini vurgulayan fotograflar gibi Kabul Tarihi :11.06.2024
hususlar: kapsayan ayrintili bir tanimin1 sunmaktadir. Arastirmada
ayrica turin baz1 mikroskobik ozelliklerinin ¢izimleri de yer Anahtar Kelimeler
almaktadir. Calisma, spor 6zelliklerinin derinlemesine incelenmesini Inocybe costinitii
saglayan taramali elektron mikroskobundan (SEM) elde edilen Inocybaceae
goruntiilerle zenginlestirilmis ve kisaca tartisilmigtir. Yeni kayit
Turkiye
To Cite::  Akata, I, Edis, G., Kumru, E., Acar, I. & Sahin, E. (2024). Initial Report of Inocybe costinitii in Turkiye with
Morphological and Molecular Data. KSU J. Agric Nat 27 (6), 1304-1312. DOI: 10.18016/ksutarimdoga.vi.
1467628.
AtifIgin:  Akata, I, Edis, G., Kumru, E., Acar, I. & Sahin, E. (2024). Morfolojik ve Molekiiler Verilerle Inocybe costinitii'nin
Tiirkiye'deki Ilk Raporu. KSU Tarim ve Doga Derg 27(6), 1304-1312. DOI: 10.18016/ksutarimdoga.vi. 1467628.
INTRODUCTION coniferous forests (Akata et al., 2023).

Belonging to the family JZnocybaceae, the genus
Inocybe is recognized as one of the most diversely
populated taxa within the Agaricales, comprising
around 1050 documented species (Dovana et al., 2023).
Recent studies indicate that this genus embarked on a
swift and widespread evolutionary journey
approximately 52 to 79 million years ago (Fachada et
al., 2024). The genus exhibits a broad ecological
amplitude, inhabiting a spectrum of climatic zones
from tropical to Arctic regions (Altuntas et al., 2019).
Ecologically, Inocybe species predominantly colonize
many forest habitats, spanning deciduous and

Morphologically, Inocybe species are identified by their
relatively diminutive and subtly hued basidiomata
(Kuyper, 1985). The pileus is characterized by its dry
texture and may exhibit surface features such as
scales, fibrils, or cracks. The lamellae generally
present a muted brown hue, complemented by the
presence of a stipe. A distinctive feature of the genus
members is its unique odor, which plays a crucial role
in their identification. The spores bear a muted brown
coloration, are encased by somewhat thickened and
smooth walls, and manifest in a variety of
morphologies including angular, nodulose, or spinose
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forms, conspicuously lacking a germ pore and the
presence of cystidia, are often adorned with apices
embedded with calcium oxalate crystals (Kuyper,
1986; Matheny & Kudzma, 2019; Bandini et al., 2020;
2021).

Fachada et al. (2024) estimate that the genus exhibits
substantial diversity, with a global species count
ranging from 3,000 to 5,000. Akata et al. (2023) state
that, thus far, 92 Inocybe species have been reported
from Turkey. Among them, 11 species have been
reclassified into different genera: 7 have been
transferred to Inosperma (Kithner) Matheny & Esteve-
Rav., and 4 to Mallocybe (Kuyper) Matheny, Vizzini &
Esteve-Rav. Due to recent updates, the count of
Inocybe species recorded in Turkey has been revised to
81 (Akata et al., 2023; Matheny et al., 2020).

The objective of the present study is to contribute to
the mycobiota of Turkey.

MATERIALS and METHODS

This study utilized a comprehensive approach,
combining traditional and cutting-edge molecular
methods to analyze and categorize samples collected
from Besevler 10. Yil Campus of Ankara University in
Ankara, Turkiye. It involved thoroughly examining
both the samples' macroscopic and microscopic
attributes, enhanced by studying ribosomal DNA
(rDNA) sequences using Internal Transcribed Spacer
(ITS) sequencing techniques.

Morphological Characterization

Inocybe samples were collected from the study area,
and a comprehensive evaluation of their macroscopic
and environmental attributes was conducted in their
natural habitat. Subsequently, these specimens were
subjected to microscopic examination in a controlled
laboratory environment. A Euromex Oxion Trinocular
light microscope facilitated the observation of the
specimens' fine details at a magnification of 100X. To
ensure the precision of the observations, each
microscopic characteristic was quantified
approximately 30 times. Some chemical agents,
including 5% potassium hydroxide (KOH), and Congo
red, were employed for the analysis process. The
collected data from these measurements underwent
statistical analysis. For scan electron microscope
(SEM) analysis, small fragments of the specimens
were affixed to stubs using double-sided adhesive tape
and sputter-coated with gold. These prepared samples
were then analyzed using an EVO 40XVP SEM,
produced by LEO Ltd. in Cambridge, UK, with the
device operating at an accelerating voltage of 20 kV.

The methodologies for morphologically identifying the
samples were based on the protocols described in
research studies by Bizio et al. (2016) and Bandini et
al. (2021). Following their identification, the samples
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were preserved at the Fungarium of Ankara
University, located within the Faculty of Science,
Biology Department.

Molecular Characterization
Determination of the ITS rDNA sequences

The genomic DNA of the samples, identified as ANK
AKATA 8687, was extracted employing the CTAB
method, following the protocol described by Rogers &
Bendich (1994). The quality and quantity of the
extracted DNA were assessed using a Nanodrop Lite
Thermo Scientific spectrophotometer. This DNA then
served as the template for the PCR amplification of the
Internal Transcribed Spacer (ITS) rDNA regions,
using the ITS1 forward (5™
TCCGTAGGTGAACCTGCGG-3) and ITS4 reverse (5™
TCCTCCGCTTATTGATATGC-3) universal primers,
according to the approach outlined by Martin &
Rygiewicz (2005). The PCR amplification products
were subjected to agarose gel electrophoresis, followed
by purification with the Expin Gel PCR and CleanUp
SV Kit (GeneAll). For Sanger dideoxy sequencing, the
purified samples were processed using the BigDye™
Direct Cycle Sequencing Kit (Thermo Fisher Scientific)
with the ITS1 and ITS4 primers. The sequenced PCR
products were then analyzed on an ABI Prism 3130
Genetic Analyzer. The methodologies for agarose gel
electrophoresis and Sanger sequencing were
implemented by the protocols provided by Chen et al.
(2014).

Molecular Phylogeny Study

The sequencing data derived from the ITS1 and ITS4
primers were compiled using the Clustal Omega online
sequence alignment tool (https://www.ebi.ac.uk/
jdispatcher/msa/clustalo). This compiled data was
subjected to a BLASTn search to identify its similarity
index. Based on the BLAST search results, sequences
corresponding to the target group (in-group) and a
reference group (out-group) were sourced from the
NCBI GenBank database. These sequences were
aligned with the compiled ones using the ClustalW
algorithm within the MEGAX software, following the
method outlined by Kumar et al. (2018). This
alignment served as the foundation for subsequent
phylogenetic analysis. The evolutionary relationships
of the sample series ANK AKATA 8687 were inferred
using the Maximum Likelihood method, employing the
T92+G model for nucleotide substitution as introduced
by Tamura (1992). The accuracy of this phylogenetic
assessment was improved by using a bootstrap
technique with 1000 repetitions (Felsenstein, 1985).
The resulting phylogenetic tree provides insights into
the evolutionary relationships among the samples,
placing them within the broader framework of fungal
classification.
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RESULTS

The recent report of a newly recorded species is
meticulously documented, highlighting critical data,
such as the collection date, precise location,
environmental habitat, and geographical coordinates,

alongside the unique collection numbers. The
description covers the species' macroscopic and
microscopic traits, providing a thorough

understanding of its morphology. Moreover, the
utilization of scanning electron microscopy (SEM) to
capture images of the spores presents an in-depth look

[SEy » L
Figure 1. Fruit bodies of Inocybe costinitii.
Sekil 1. Inocybe costinitii'nin fruktifikasyonlari.

d

Macroscopic and microscopic features

Pileus 20-30 mm diam., campanulate, occasionally
featuring a wide, blunt umbo. Initially, the margin is
inflexed, becoming erect and frequently displaying
fissures. Surface smooth, fibrous texture with minute,
radially arranged scales, displaying a color gradient
from grayish brown to pale brown, with the center
being lighter, uniformly enveloped by a delicate, white
veil persisting on the surface for an extended duration.
Lamellae sparsely distributed, and adnate,
transitioning in color from beige grey to pale brownish,
ultimately turning brown, edges eroded and exhibit a
whitish hue. Stipe 30—40 X 5—6 mm, solid, tapering to
cylindrical towards the base, culminating in a subtly
margined, diminutive bulb, apex pruinose, with its
coloration being predominantly white, albeit with a
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at the intricate features that define this species.
Taxonomic overview

Fungi

Basidiomycota R.T. Moore

Agaricales Underw.

Inocybe costinitii Bizio, Ferisin & Dovana (2016),
(Figurel-6).

Bizio et al. (2016) provided an in-depth examination
of type collections.

X

b
.
A

slight brownish tint near the base, and longitudinally
striated. Flesh firm and whitish. Odor spermatic.
Taste non-distinctive. Spores (9.6-) 10-11.3 (-12) x
(5.7-) 6-7 (=7.3) um, Q = (1.50-) 1.55-1.74 (-1.80), Qav
1.64, smooth, yellow-brown to brownish,
amygdaliform to sub-amygdaliform, featuring a
conical to slightly papillate apex. Basidia 34—41 x 12—
16 um, hyaline, clavate, typically with four, but
occasionally two sterigmata. Pleurocystidia 55-74 X
1824 pm, characterized by a thick-walled
composition, changing color to a yellowish or pale
yellow-green when exposed to 5% potassium hydroxide
(KOH), predominantly fusiform or subfusiform,
occasionally clavate or somewhat lageniform or
subcylindrical, often with an extended peduncle, either
small or large calcium oxalate crystals at the apex.
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Figure 2. Inocybe costinitii: a. spores, b. basidia, c. pleurocystidia, d. cheilocystidia, e. caulocystidia, f. pileipellis
(scale bars: 10 um).

Sekil 2. Inocybe costinitii: a. sporlar, b. basidyumlar, c. pleurosistidyumlar, d. keylolosistidyumliar, e.
kaulosistidyumlar, £. pileipellis (6lgek 10 yum).

T10um

D——

Figure 3. Spores of Inocybe costinitii (LM, in KOH).
Sekil 3. Inocybe costinitii'nin sporlar: (LM, KOHta).
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Figure 4. Inocybe costinitii- a-d. spores (SEM).
Sekil 4. Inocybe costinitii’ a-d. sporlar (SEM).

| ::’- :'. ll. X : /
g b A3 : LY
Figure 5. Basidia of Inocybe costinitii (LM): a. in KOH, b-d. in Congo red.
Sekil 5. Inocybe costinitii'nin basidyumliar: (LM): a. KOHta, b-d. Kongo kirmizi’sinda.

Cheilocystidia 4862 x 12-20 pm, similar to consisting of periclinal hyphae, clamp connections
pleurocystidia but marginally shorter and thicker. present in all tissues.

Caulocystidia 35—-75 x 14-22 pum, clavate to fusiform, Material examined: TURKIYE— Ankara, Ankara
and occasionally ventricose, some smooth, while others University Besevler 10. Yil Campus, under pine, 39°
with crystalline formations at the apex, rarely urticoid- 56'N, 32° 50' E, 860 m, 19.10.2022, ANK AKATA 8687.
like structures observed, found mainly at the apex of (nrITS rDNA sequence GenBank accession number:

the stipe. Pileipellis 5-14 um broad, thick-walled, PP494209.1).
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Figure 6. Cystldla of [nocybe costzmtu (LM): a. pleurocystidium (in KOH), b,c. pleurocystidium (1n Congo red), d.
cheilocystidium (in KOH), e. cheilocystidia (in KOH), f. cheilocystidium (in Congo red), g. caulocystidium
(in KOH), h. caulocystidium (in Congo red), i. caulocystidia (in Congo red).

Sekil 6. Inocybe costinitii (LM) sistidyumlari: a. pleurosistidyum (KOH'ta), b,c. pleurosistidyumlar (Kongo
kirmizisinda), d. keylosistidyum (KOH'ta), e. keylosistidyum (KOH'ta), f. keylosistidyum (Kongo

kirmizisi'nda), g. kaulosistidyum (KOH'ta), h. kaulosistidyum (Kongo

kaulosistidyumlar (Kongo kirmizisi'nda).

Evolutionary History of ANK AKATA 8687

The evolutionary lineage of the specimen ANK Akata
8687 was explored based on its nrITS rDNA sequence,
obtained using standard molecular techniques and
archived in the NCBI GenBank under the accession
number PP494209.1. To investigate its evolutionary
connections, nrITS rDNA sequences from various
Inocybe genus members were chosen for comparison,
with the nrITS rDNA sequence of Peziza montirivicola
serving as an outgroup. Molecular phylogenetic
analysis revealed nine distinct clades, including Clade

7, consisting of the isolates of Inocybe costinitii

(KX686581.1, PP794435.1) and ANK Akata 8687.
Other clades (Clades 1-6 and Clades 8-9) comprised
different Inocybe species. Peziza montirivicola formed
a separate branch, indicating its outgroup status.
BLAST analyses revealed a similarity of over 99%
between the nuclear ITS rDNA sequences of ANK
Akata 8687 and a single isolate of 1. costinitii (Bizio et
al., 2016). Phylogenetic analyses affirmed the close
relationship between ANK Akata 8687 and 1. costinitil,
with a bootstrap value of 100%, indicating the
reliability of their grouping.
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kirmizisi'nda), i

DISCUSSION and CONCLUSION

The genetic diversity of fungal species far exceeds their
morphological diversity, prompting the integration of
genetic information with traditional morphological
methods for more accurate species identification.
Various genetic markers, including rRNA gene regions
such as nrITS, nrSSU, and nrLSU, along with
sequences of protein-coding genes, have been employed
in molecular systematic studies for decades (Raja et
al., 2017). ITS is widely used in fungal molecular
taxonomy among these markers, offering valuable
insights (White et al., 1990; Akata & Erdogdu, 2020;
Akata et al., 2024; Altuntas et al., 2021) Furthermore,
advancements in high throughput sequencing
technologies and bioinformatics tools allow for whole
genome comparisons and phylogenomic analyses
among fungal taxa, potentially replacing molecular
phylogenetic analyses based on a few marker genes
shortly (Marian et al., 2024). In our research, nuclear
ITS rDNA sequences were utilized for the molecular
identification of ANK Akata 8687. This approach
revealed a similarity of over 99% between the specimen
(GenBank ID: PP494209.1) and I. costinitii. (Figure 7).
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#1 § Inocybe favrei LIP Bon84095 from TYPE material (NR 158506.1)
Inocybe favrel vouchar JV28431 (KY0337985.1)
Inocybe tavrel isolate 16163 voucher JV31515 (KY033788.1)

Inocybe favrel isolate 16150 voucher EL231.16 (KY033790.1)
Inocybe favrei isolate 16160 voucher JV31508 (KY033789.1)
Inocybe favrel isolate 16141 voucher EL41-16 (KYD33794.1)
Inocybe favrel Isolate 16142 voucher ELG9B-16 (KY033793.1)
Inocybe favrel isolate 16148 voucher EL229.16 (KY033791.1)
I Inocybe magnifolia strain MCA1822 (JN642226.1)

Clade 1

100 |

Inocybe
Inocybe magnifolia strain THI132 (ING42227.1)

BRG MCA2441 from TYPE material (NR 119906.1)

:] Clade 2

pes G Kuhner 69328 from TYPE material (NR 152136.1) ] Clade 3

Y
Inocybe leiocephala voucher

Inocybe lei

B

P

ybe beatifica

| e e |
0,10

hala voucher CLC1754 (KJ3099906.1)

inocybe lslccephala WTU Stuntz 4739 from TYPE material (NR 153135.1)
Inocybe leiocephala voucher STZ4816 (KJ398883.1)

Inocybe drenthensis STU SMNS-STU.F.0001477 from TYPE material (NR 174856.1)
Inocybe drenthensis voucher STU:SMNS-STU-F-0901478 (MW845871.1)
inocybe drenthensis voucher STU:SMNS-STU-F-090147% (MWS45870.1)
Inocybe knautiana STU SMNS-STU-F-0801491 from TYPE matarial (NR 174361.1)
Inocybe knautiana voucher HFRG CA210003 1(0Q131568.1)

Inocybe knautians voucher STU:SMNS-STU.F-0901492 (MWB45688.1)

Inocybe knautiana voucher STU:SMNS-STU-F-0001522 (MWB45889.1)

Inocybe knautiana voucher STU:SMNS-STU-F.0901483 (MWE45890.1)

100 j Inocybe costinitii (KX686581.1)

Inocybe costinitil voucher PRC-181203.01 (PP794435.1)
Inocybe costinitii voucher ANK AKATA 8687 (PP404209 1)
Inccybe beatifica STU:SMNS-STU-F-0901261 from TYPE material (NR 174853.1)
STU:SMNS-STU.F-0001471 (MWB45858.1)
Inocybe beatifica voucher STU:SMNS-STU.F.0901472 (MW845855.1)
Inccybe plurabellae voucher STU:SMNS-STU-F-0901500 (MWS45205.1)
Inocybe plurabellae voucher STU:SMNS-STU-F-0901488 (MWB45907.1)
Inocybe plurabellae voucher STU:SMNS-STU-F.0901501 (MWB45906.1)
Inocybe plurabellae voucher STU:SMNS-STU-F.0901499 (MW845904.1)
Inocybe plurabellae voucher STU:SMNS-STU-F-0001497 (MWB45002.1)
Inocybe plurabellae voucher STU:SMNS-STU-F-0001523 (MW845908.1)
Inocybe plurabellae voucher STU:SMNS-STU-F.0901498 (MW845903.1)
Peoziza montirivicola M 0274465 ITS from TYPE materfal (NR 148124.1) | Outgroup

CLC1371 (KJ399885.1)
Clade 4

] Clade 5
Clade 6
Clade 7

] Clade 8

Clade 9

Figure 7. The evolutionary relationships among 38 fungal specimens were depicted through a phylogenetic tree
constructed using the nrITS rDNA region and the maximum likelihood (ML) method. Bootstrap rates
(>50) are assigned to each branch to indicate confidence levels. The sequences utilized in tree
construction were sourced from the NCBI GenBank, except for ANK Akata 8687. Moreover, Peziza
montirivicola was incorporated into the phylogenetic tree as the outgroup representative. GenBank
accession numbers accompany each sequence, and a scale bar in the lower left corner represents a genetic

distance of 0.10.

Sekil 7. 38 mantar érnegi arasindaki evrimsel iliskiler, nrITS rDNA bélgesi ve maksimum olabilirlik (ML) yéntemi
kullanilarak olusturulan bir filogenetik agag tizerinde tasvir edilmistir. Giliven seviyelerini gostermek
igin her bir dalin yaninda en az %50'lik énytikleme oranlari belirtildi. ANK Akata 8687 disinda kalan ve
agag¢ olusturulurken kullanilan diziler NCBI GenBank'ten alindi. Ayrica, Peziza montirivicola,
filogenetik agagta dis grup temsilcisi olarak dahil edildi. Her dizinin yaninda GenBank erisim
numaralar: bulunmaktadir. Sol alt késede bulunan genetik mesafe olgegi, 0.10 genetik uzakligi temsil

eder.

Inocybe costinitiiis distinguishable on a larger scale by
its moderately sized basidiomata, which feature pileus
of a beige-ocher hue, enveloped in a dense, white veil.
The stipe is smooth, whitish, and exhibits a swollen
base. This species emits a spermatic odor and thrives
in sandy, grassy areas adjacent to Pinus halepensis
Mill. during the winter months. On a microscopic level,
it is identified by its subamygdaliform spores that
feature a conical to subpapillate tip, along with its
fusiform cystidia (Bizio et al., 2016).

Bizio et al. (2016) described the caulocystidia as
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clavate to sub-fusiform or sub-ovoid, characterized by
thin walls and scarcity or complete absence of apical
crystals, predominantly found at the stipe's apex. In
contrast, the caulocystidia observed in Turkish
specimens were noted to vary from clavate to fusiform,
with occasional ventricose shapes and thick walls.
While some were smooth, others exhibited crystalline
formations at the apex. urticoid-like structures were
seldom observed.

Inocybe costinitii shares similar morphological and
ecological characteristics with I griseotarda Poirier
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and I griseovelata Kiihner (Bandini & Huijser, 2017;
Sesli, 2019; Akata et al., 2023). Distinguished by its
considerable size and sturdy form, I griseotarda
features a greyish-white veil, with its stem initially
presenting a waxy white appearance before adopting a
coloration akin to the cap, predominantly covered in
fine white frost-like particles. This species typically
forms extensive groups during winter, thriving in
symbiosis with pine and strawberry (Bizio et al., 2017).
Despite these similarities, I griseotarda sets itself
apart with a more pronounced robustness, a fibrously
cracked pileus around the center, a quickly
disappearing veil, and a stem entirely dusted with fine
particles and displays pinkish tones at the top. It also
features spores that are longer and slimmer,
pleurocystidia with thin walls, and the presence of
caulocystidia not just at the apex of the stipe but along
its entire length (Bandini & Huijser, 2017; Bizio et al.,
2016; 2017). I griseovelata is characterized by its
distinctive velipellis, which is whitish to grayish and
densely covers the pileus. The surface of the pileus is
generally smooth, though it may exhibit some innate
fibrils. The stipe features light powdery deposits
limited to the uppermost part. This species is
recognized for its relatively large spores and typically
has elongated hymenial cystidia with broad necks.
Moreover, it exhibits long and slender caulocystidia. It
is frequently found in areas with calcareous soil and
can be associated with broad-leaved species and
conifers (Akata et al., 2023; Bandini et al., 2022). This
species diverges from [ costinitii due to its darker
pileus, a veil of beige-grey coloration, a uniform thick
stipe, and a pruinose apex. The lower part of the stipe
is adorned with greyish fibrils. Moreover, it is
characterized by its distinct subcylindrical cystidia
(Bizio et al., 2016).

In the current study, Inocybe costinitii has been
identified and documented from Turkiye for the first
time, adding to the diversity of Turkish Inocybe. This
report increases the number of Inocybe species known
in the country's border to 82.
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ABSTRACT Horticulture

In viticulture, post-harvest is a very important period to ensure and

protect grape quality and health. The storage of the Kabarcik variety, Research Article

which is of great importance for Dulkadiroglu grape growers, after

harvest and its short road endurance period, constitute a real problem Article History

expressed by the growers. In this reseach, it was aimed to maximize Received :10.05.2024
grape cluster health and post-harvest quality protection with Accepted 1 08.08.2024
melatonin application. Different doses of melatonin were applied to

grape clusters of Kabarcik variety obtained from Dulkadiroglu Keywords

producer vineyards in the 2023-24 production season. Fruit weight Kahramanmaras,

loss, brix (sugar content), pH, and titratable acid (tartaric acid) Melatonin,

amounts were determined in the clusters subjected to melatonin doses Kabarcik,

in a total of four different periods (days 0, 5, 10, and 15). As a result,
the highest weight loss was seen in the control and 6-hours 25 pmol
L~ melatonin applications, while the least weight loss was seen in the
3-hours 250 pmol L1 melatonin application. Thus, while the 25 pmol
L1 dose of melatonin was seen as too low and ineffective, the 250 pmol
Lt dose of melatonin was determined to be an effective solution in
preventing weight loss in grape berries. This study highlights the
important effects of melatonin in improving fruit quality and
extending shelf life.

Post-harvest physiology,
Grape cluster development

Melatonin Uygulamasinin Kabarcik Uziim Cegidinde Hasat Sonras1 Kalite ve Raf Omrii Uzerine

Etkileri
OZET Bahge Bitkileri
Bagcilikta hasat sonrasi, tizim kalitesi ile sagliginin saglanmasi ve
korunmasi1 igin ¢ok oOnemli bir dénemdir. Dulkadiroglu tzim Aragtirma Makalesi
yetigtiricileri i¢in buyluk éneme sahip olan Kabarcik ¢esidinin, hasat
edildikten sonra muhafazasi ve yola dayanim siiresinin kisa olusu Makale Tarihgesi
yetigtiriciler tarafindan dile getirilen gercek bir problem Gelig Tarihi @ 10.05.2024
olusturmaktadir. Bu arastirmada, hasat sonrasi melatonin Kabul Tarihi : 08.08.2024
uygulamasi ile tiztim salkim sagligi ile tiztim kalitesinin korunmasi ve
en Ust diizeye c¢ikartilmasi amaglanmistir. 2023-2024 tretim Anahtar Kelimeler
sezonunda Dulkadiroglu tretici baglarindan elde edilen Kabarcik Kahramanmaras,
cesidi lUzim salkimlarina farkli melatonin dozlari uygulanmistir. Melatonin,
Melatonin dozlarina tabi tutulan salkimlar toplam 4 farkli zaman Kabarecik,

dilimlerinde (0, 5, 10, ve 15. giinler) olmak {izere meyve agirlik kaybi,
briks (seker icerigi), pH ve titre edilebilir asit (tartarik asit) miktarlar
tespit edilmigtir. Sonug olarak, en fazla agirlik kaybi kontrol ve 6 saat
25 pmol L1 melatonin uygulamalarinda goriiliirken, en az agirhik
kaybi 3 saat 250 pmol L! melatonin uygulamasinda goriilmiustir.
Boylece, 25 pmol L' melatonin ¢ok diisik ve etkisiz olarak
gortlirken, 250 pmol Li-! melatonin iziim tanesinde agirlik kaybini
onlemede etkili bir ¢oziim olarak tespit edilmistir. Bu c¢alisma,
melatoninin meyve kalitesinin iyilestirilmesi ve raf Omrinin
uzatilmasi agisindan 6nemli etkilerini vurgulamaktadir.

Hasat sonras: fizyolojisi,
Uziim sakim geligimi
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INTRODUCTION + 1 °C and 90% relative humidity (RH). According to

In Turkiye, approximately 4165000 tons of grapes
were produced from a total area of 384537 ha in 2022
(FAOSTAT, 2024). In Kahramanmaras, a total of
64681 tons of grapes were produced in 2022, especially
in Dulkadiroglu (25265 tons), Onikisubat (17304 tons),
Pazarcik (12860 tons) districts (TUIK, 2024).
Kabarcik, which is the most produced by farmers in
Kahramanmaras, is a variety with a very short shelf
life after harvest. Numerous plant species contain
melatonin, also known as N-acetyl-5-
methoxytryptamine, a multifunctional signaling
chemical that is widely dispersed (Ze et al., 2021).
Plants use melatonin for a variety of physiological
processes, such as fruit development (Wang et al.,
2016), ripening (Sun et al., 2015), and senescence (Li
et al., 2019). The senescence and degeneration of post-
harvest fruit, including pear (Liu et al., 2019), sweet
cherry (Wang et al., 2019), and peach (Gao et al., 2016),
were greatly delayed during storage when exogenous
melatonin administration was applied. Melatonin, a
harmless and safe substance, thus shows promise for
use in the fruit supply chain after harvest. Applying a
melatonin solution by soaking or spraying is currently
the main postharvest management method. Rapid
soaking or spraying appears to have more potential for
large-scale use in the postharvest fruit during storage
and marketing, based on the viability of commercial
technology (Ze et al., 2021). Improving shelf life and
preserving nutritional levels mostly depends on
reducing the senescence processes after harvest. Berry
deterioration following harvest is primarily caused by
components  oxidizing, respiration consuming
compounds, and softening of cell walls (Shehata et al.,
2019). It has been found that exogenous melatonin is
helpful in some plant tolerance to a range of
environmental stresses such as toxic chemicals, salt,
and drought (El-Bauome et al., 2022). Melatonin has
been reported to greatly affect crop ripening in broccoli
(Cano et al., 2022) and some other horticulture crops
(Ze et al., 2021). Additionally, melatonin application
externally postponed the fruit senescence, softened
some fruits, loosing on the total fruit weight by
decreasing losing water status, postponing the decay
and respiration proportions ( Wang et al., 2019; Liu et
al., 2018; Onik et al., 2021; Aghdam & Fard, 2017;
Yang et al, 2019). It has been discovered that
melatonin applied postharvest can effectively delay
ripening and senescence. The study regarding grape
berries examined the effects of two postharvest
melatonin doses (50 and 100 pmol) on the quality,
bioactive components, and enzyme activities of grape
berries cv "Crimson," which were kept for 35 days at 0
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their findings, adding melatonin to berries prolongs
their shelf life by preventing weight loss and
preserving titratable acidity (TA), total soluble solids
(TSS), berry adherence strength, and firmness (Nasser
et al., 2022). In order to promote improvements in
sustainable practices and a more complex knowledge
of agricultural systems, this research study aims to
explain the complex interactions between melatonin
and grapevine physiology. In the face of changing
environmental challenges and market demands, this
research attempts to fill fundamental knowledge gaps
and open up access to new methods that can boost
grapevine productivity, durability, and post-harvest
quality maintenance. Therefore, this study is aimed at
improving the self-life of Kabarcik cultivar berries by
exogenous melatonin  applications at  room
temperature (22 °C) were examined to maintain berry
quality in this study.

MATERIALS AND METHOD
Plant material

The research was carried out at the Kahramanmaras
Sutcu Imam University, Horticulture Department
laboratory during the period from 2023-2024 growing
season. The selected grape cultivar for this study was
the Kabarcik grafted onto Rupestris du Lot rootstock,
and clusters were collected from a trained system with
a spacing of 3 m x 2 m vineyard. Although the Kabarcik
is suitable for wine and must, it is also widely
consumed as a table grape in the region. Another
reason for choosing this variety is that the berry shell
is thin and the interaction between the application of
melatonin and the extension of the shelf life of the
variety will be better understood.

Experiment Design and Treatments

The study employed a randomized complete block
design for its execution, comprising three replicates,
each consisting of 3 clusters per replicate. Clusters
were harvested at a ripe stage (17-18 Brix) in
September free from mechanical damage, insect
damage, and any outer decay. Clusters were randomly
divided into five groups of similar color, size, and form,
then clusters were immersed in control (distilled
water), 25 umol L-! melatonin for 3-hours, 250 pmol
L1 melatonin for 3-hours, 25 pmol L.-! melatonin for 6-
hours, 250 pumol L-! melatonin for 6-hours. Each
cluster was left until its surfaces dried at room
temperature at 23 + 5 °C.
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Determination of Cluster Weights, Brix (sugar

content), pH, and Titratable Acidity

The cluster weights, Brix (sugar content), pH, and
titratable acidity values of the control group without
melatonin application and melatonin applied samples,
stored at 23°C room temperature, were determined on
the 0, 5th, 10th, and 15th days. The weights of the cluster
were measured every 5 days using a Radwag brand AS
310 R.2 model precision scale and the weight values
were recorded. Water loss of berries was determined by
the formula;

(Harvest Weight — Last Weight)
Harvest Weight

Weight loss(%) = *100

Brix, pH, and titratable acidity values of the samples
were calculated using the juices obtained from grape
berries. Brix values of the samples were measured
with an Atago brand PAL! model digital handheld
refractometer, and the pH value of the fruit was
measured with a Hanna brand HI-2550 model pH
meter. 5 ml of the sample and some pure water were
taken into an erlenmayer and 2 drops of 1%
phenolphthalein indicator were added to the solution
and titrated with 0.1 N NaOH solution. % titratable
acidity was calculated using the formula below.
SxNxExF %100

S is the amount of NaOH used in titration (ml),
N= Normality of NaOH used in titration,

E= Equivalent value of the relevant acid

F= Factor of NaOH used

C= Amount of sample used (ml)

% Titretable Acidity =

Statistical Analysis

All descriptive analyses were carried out in R Studio
using the agricolae package. The significance of
treatments and days and their interactions with berry
characteristics (weight loss, brix, pH and titratable
acidity) were analyzed through Analysis of Variance
(ANOVA) in R Studio. All data were checked for
normality using the chi-square test before analysis.
Linear models were employed to evaluate the main
effects (treatments and days) on berry characteristics
(weight loss, brix, pH and tartaric acid). Post-hoc
analysis utilizing Tukey HSD was conducted with the
agricolae package in R Studio. Principal Component
Analyses (PCAs) for berry characteristics (weight loss,
brix, pH and tartaric acid) datasets were carried out
using ggbiplot2 within R Studio. The heatmap was
generated using the pheatmap package in R Studio,
providing a visual representation of relationships and
variations in the analyzed datasets (R Core, 2013).

RESULTS AND DISCUSSION

Weight loss, brix, pH and titratable acidity were
affected by treatments and days. About weight loss, it
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was statistically different in treatments (p=0.0101 *)
and days (p=<2e-16 ***). Control and 6-hours 25 pmol
L-'treatments, (31.91% and 32.41%, respectively) were
higher predominantly weight loss than treatment of 3-
hours 250 pmol (24.08%). 3-hours 25 pmol L1 (29.41%)
and 6-hours 250 pmol L-! treatments (25.75%) were not
statistically different. Day 15, (54.06 %) was
consistently higher weight loss than day 0 (control,
0.00%). And day 10 (36.93 %) and day 5 (22.86 %) with
p=<2e-16 *** were Dbetween these treatments.
Regarding Brix, it was the predominant greater (with
p=<2e-16 ***) in 6-hours 25 pmol L' treatment (17.95)
while 3-hours 250 pmol L-! treatment (16.60) and
control (16.62) were the least. In addition, 6-hours 250
pmol L1 (16.90) and 3-hours 25 pmol L1 (16.97) were
between these treatments. Brix (with p= <2e-16 ***)
ranged from day 0 (15.30) to day 15 (20.40). Day 10
(18.50) and day 5 (15.46) were between these days. For
pH, it was the predominant greater (with 2.54e-08 ***)
in 3-hours 250 pmol L' treatment (4.30), while control
and 6-hours 25 pmol L-! treatment (4.15 for both
treatments) were least. And 3-hours 25 pmol L1 (4.18)
and 6-hours 250 pmol L1 (4.23) were between
treatments. pH (with p=<2.60e-11***) dramatically
increased from day 0 (4.15) to day 15 (4.33). Lastly
related to titratable acidity, the biggest value was
obtained from the treatment of 3-hours 25 pmol L-1and
3-hours 250 umol L1 (0.43 for both treatments) while
the lowest from 6-hours 25 pmol L-! treatment with
0.39. In titratable acidity (with p=< 2e-16 ***) greater
value was obtained from day 10 with 0.51 and the
lowest value was obtained from day 0 (0.35) (Table 1).

All variables are shown, different color -circles
representing the method are distributed along the
vertical axis of PC1l. The purple circle represents
control treatment and has a great contribution to
Weight loss and Brix while 3-hours 0.25 pmol L-!
treatment has the lowest to total variance. The other
treatments were between control and 3-hours 0.25
pmol L1 cultivars and have contributions differently
(Fig. 2A). This shows that treatments and days provide
the greatest contribution to Weight loss (%), Brix, pH
and Titratable acidity (as Tartaric acid). On the other
hand, day 10 and day 15 were more widely distributed
than days 0 and 5 along the horizontal axis, indicating
that in these days had a greater effect on Weight loss
and Brix than the other days. This shows that day 0
and day 5 have the lowest contribution to the Weight
loss and Brix, while three bud spurs represents a
significant portion of the total variance (Fig. 2B). For
the variables, Dim1 and Dim2 states for 60.7% and
22.3% of the variance, respectively. Weight loss, Brix
and pH were located on the positive side Dim1, having
stront correlation, while tartaric acid was on the
negavive side of Dim1 (Fig.2C). Furthermore, a robust
positive association was discovered among pH, brix,
and weight reduction, as indicated by the dark blue
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circles. Conversely, tartaric acid was found to have a
pronounced negative correlation with weight loss, brix

and pH, as indicated by the light blue circles (Fig. 2D).

Table 1. Weight loss (%), Brix, pH and Titratable acidity (as Tartaric acid) of grape berry of Kabarcik in EL-38

phenological stage.

Cizelge 1. EL-38 fenolojik déneminde Kabarcik iiziimii salkim agirlik kayb: (%), SCKM (Suda (Céziinebilir Kuru
Madde), pH ve Titre edilebilir asitligi (Tartarik asit olarak).

Weight Loss (%) Brix pH Titratable acidity (
Tartaric acid)
Agirlik Kayb: SCKM  (Suda pH
(%) Coziinebilir Titre edilebilir asitlik
Kuru  Madde (Tartarik asit)
Miktar1)

TreatmentsW (Tr)
Control 31.91+1.85a 16.62+0.03¢ 4.15+0.02¢ 0.42+0.00ab
3-hours 25 pmol L-! 29.41+1.92ab 16.97+0.02b 4.18+0.01bc 0.43+0.00a
3-hours 250 pmol L-! 24.08+1.89b 16.60+0.01c 4.30+0.02a 0.43+0.00a
6-hours 25 pmol L! 32.41+1.95a 17.95+0.03a 4.15+0.01c 0.39+0.00b
6-hours 250 pmol L-! 25.75+1.55ab 16.90+0.02b 4.23+0.02b 0.41+0.00ab
DaysT (D)
Day 0 0.00+0.00d 15.30+0.01d 4.15+0.01b 0.35+0.00c¢
Day 5 22.86+1.75¢ 15.46+0.02¢ 4.17+0.01b 0.42+0.00b
Day 10 36.93+1.90b 18.50+0.03b 4.29+0.02a 0.51+0.00a
Day 15 54.06+1.95a 20.40+0.05a 4.33+£0.02a 0.37+0.00c
Significance
Tr 0.0101 * <2e-16 *** 2.54e-08 *** 0.0222 *
D <2e-16 *** <2e-16 *** 2.60e-11 *** < 2e-16 ***
Trx D 0.8559 <2e-16 *** 0.368 7.1e-11 ***

W, Mean separation in Treatments; D, Mean separations in Days. Tr, Treatments; D, Days; Tr x D, interactions; For a given

factor (different letters within a column represent significant differences (Tukey test, *, Significant at p-value <0.05;

*kk
)

Significant at p-value < 0.001). Data are stated as averages of the data and their standard deviations.

A hierarchical clustering heatmap illustrating the
relative concentrations of berry characteristics in
grape samples across treatments and days. Berry
characteristics are clustered at the bottom of the
heatmap, revealing similarities and dissimilarities
between them. Weight loss and brix emerge as closely
related, indicating similar concentration patterns
across samples. Conversely, compounds like tartaric
acid exhibits lower concentrations in these same
samples, as shown by the deep blue color. The pH was
between these groups. Grape samples, labeled with
days and treatments are vertically clustered on the
right. It shows that the treatments were strongly
correlated among berry characteristics, while day 0 (as
control), day 5, day 10 and day 15 were separated in
the heatmap depending on the amount of the berry
features such as weight loss, brix, ph and tartaric acid
(Fig. 2E).

The association of melatonin with grapevine
physiology is part of a comprehensive investigation
into the consequences for berry quality and
postharvest protection. To make clear the intricate
processes by which melatonin influences the growth
and maturity of grapevines, and therefore the
characteristics of fruit quality. It has been discovered
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that melatonin applied postharvest can effectively
delay ripening and senescence. The study regarding
grape berries examined the effects of two postharvest
melatonin doses (50 and 100 pumol) on the quality,
bioactive components, and enzyme activities of grape
berries c¢v "Crimson," which were kept for 35 days at 0
+ 1 °C and 90% relative humidity (RH). According to
their findings, adding melatonin to berries prolongs
their shelf life by preventing weight loss and
preserving titratable acidity (TA), total soluble solids
(TSS), berry adherence strength, and firmness (Nasser
et al., 2022). The findings from this study are in
parallel with the studies. Results from this research
indicated that from this research the control and 6-
hours 25 pmol L-! treatments, (31.91% and 32.41%,
respectively) were higher predominantly weight loss
than treatment of 3-hours 250 pumol L (24.08%). This
showed that waiting too long (6 hours) in solution with
low melatonin concentration (250 pmol L1) is not
affected to weight loss as it was not statistically
different than control. However, waiting enough time
(3 hours) with an adequate melatonin dose (250 pmol
L-1) had a great contribution to weight loss (Table 1).

Moreover, some other researches are supported the
current study. For example, after harvest, the main
issue is weight loss since it deteriorates the quality and
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visual appeal of horticulture crops. According to
reports, the biggest causes of water loss in fresh
vegetables and fruits are transpiration and respiration
(El-Mogy et al., 2020). Many studies reported that the
application of melatonin has reduced the water loss in
crops (Nasser et al., 2022; Liu et al., 2018; Wang et al.,
2020). In addition, a study was conducted to protect
post-harvest grape quality in cold storage from
Turkiye, which is recently reported melatonin dips, in
any dosage, slowed down the loss of berry weight, and
visual quality, thereby prolonging the minimally
processed (stem-excised) grapes' physical and
biochemical quality (Sabir et al., 2024). In addition, the
melatonin treatment has increased the Brix levels
compared to the control in this study (Table 1). The
findings from the previous research, additionally, have
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reported an increase of Brix level compared to control
in grapevine which could be due to a decreasing
respiration and a reduction in the loss of Brix (Nasser
et al., 2022; Xu et al., 2018). Furthermore, exogenous
melatonin application has also reported an increase in
Brix other fruits such as strawberries (El-Mogy et al.,
2020) and sweet cherries (Wang et al., 2019). Another
finding from this study is that the application of
melatonin has reduced the loss of TA (except, for 6-
hours of waiting with 25 pmol treatment which could
be the same scenario in the weight loss of 6-hours
waiting with 25 pmol treatment) levels in grape berries
from the current results (Table 1). The reduction in the
loss of TA has also been reported in grapes and guava
fruits (Nasser et al., 2022; Fan et al., 2020).
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Figure 2. PCA biplot of colored by days and treatments. All application treatments (A), days (B), all variables (C),
correlation of all variables (D) and heatmap of variables (E) are demonstrated.

Sekil 2. Giinlere ve uygulamalara gore renklendirilmis PCA biplot'u. Tiim uygulamalari (A), giinleri (B), tiim
degiskenler (C), tiim degiskenlerin korelasyonu (D) ve degiskenlerin 1s1 haritasi (E) gisterilmektedir.

Furthermore, exogenous melatonin administration
has been shown in prior research to reduce TA loss in
sweet cherry and grape berries during cold storage
(Wang et al., 2019). Melatonin's role in senescence
control may account for some of its reduction in TA loss
upon administration (Yang et al., 2019).

CONCLUSION

Post-harvest processes have an important role in grape
production to preserve berry quality and health. The
short shelf life of the Kabarcik variety after harvest
has become a big problem for Dulkadiroglu grape
growers. In this study conducted to solve this problem,
as a result, the highest weight loss was found in the
control and 6-hours 25 pmol L' melatonin
applications, and the least weight loss was found in the
3-hours 250 pmol L1 melatonin application. As a result
of this study, it was determined that keeping grape
clusters in solution for a long period of 6-hours was an
ineffective method and the applied dose of 25 pmol Li!
melatonin was found to be ineffective. However, a 250
pmol L1 dose of melatonin was determined to be an
effective solution in preventing weight loss in grape
berries. In future studies, grape berries are required to
be supported by biochemical and molecular analyses.
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ABSTRACT Horticulture
This study aimed to assess how variations in leaf water potential and
different defoliation treatments influence leaf area characteristics. The Research Article

research was carried out during two consecutive years (2019-2020) on
'Merlot'/41B combination grapevines cultivated in the Tekirdag, Sarkoy

Article History

vineyards of Chateau Kalpak. Four distinct water stress levels (S0, S1, Received 114.08.2023
S2, and S3) were implemented based on measurements of leaf water Accepted 118.01.2024
potential. Additionally, defoliation treatments were applied, including

Control (C), Full Window (FW), Right Window (RW), and Left Window Keywords

(LW). Upon analyzing leaf characteristics, a clear trend emerged, Vitis

wherein higher stress levels correlated with an increased area of primary, Stress

lateral, and total leaves per vine. Concerning leaf removal interventions, Drought

the application of FW led to a reduction in all criteria except for the total Canopy

area of main leaves per vine. While FW causes a decrease in certain leaf cv. Merlot

parameters under controlled conditions, the stress-induced increase in
total leaf area points to the mechanism of plasticity in grapevines and
warrants further investigation under different environmental and
production dynamics.

'Merlot'/41B Asmalarinda Yaprak Su Potansiyeli ve Yaprak Alma Uygulamalarinin Yaprak Alani

Ozelliklerine Etkisi
OZET Bahge bitkileri
Bu ¢alisma, yaprak su potansiyelindeki degisikliklerin ve farkli yaprak
alma islemlerinin yaprak alami o6zelliklerini nasil etkiledigini Aragtirma Makalesi
degerlendirmeyi amac¢lamigtir. Arastirma, Kalpak Satosu'nun Tekirdag,
Sarkdy baglarinda yetistirilen 'Merlot'/41B kombinasyonlu asmalarda iki Makale Tarihgesi
yil siiresince (2019-2020) yiiriitiilmiistiir. Yaprak su potansiyeli Gelig Tarihi  :14.08.2023
olciimlerine dayali olarak dort farkl su stresi seviyesi (S0, S1, S2 ve S3) Kabul Tarihi :18.01.2024

uygulanmistir. Ek olarak, Kontrol (C), Tam Pencere (FW), Sag Pencere
(RW) ve Sol Pencere (LW) olmak iizere dért farkli yaprak alma islemi

Anahtar Kelimeler

uygulanmistir. Daha yiiksek stres seviyelerinin, asma basina artan ana, Vitis
koltuk ve toplam yaprak artis egilimine neden oldugu belirlenmistir. FW Stres
uygulamasi, asma basmna toplam ana yaprak alami disinda tim Kuraklik
kriterlerde bir azalmaya yol agmistir. FW, kontrolli kosullarda belirli Kanopi
yaprak parametrelerinde diisiise neden olurken, toplam yaprak alaninda cv. Merlot

stresin neden oldugu artig, asmalardaki plastidite mekanizmasina isaret
etmekte ve farklh cevresel ve uretim dinamikleri altinda daha fazla
arastirma yapilmasimi gerektirdigini gostermektedir.

The grapevine canopy is a complex system of leaves,

Ataf iginl Candar, S., Bahar, E., Korkutal, I. & Aktas, F.B. (2024). '"Merlot'/41B Asmalarinda Yaprak Su Potansiyeli ve
Yaprak Alma Uygulamalarimin Yaprak Alam Ozelliklerine Etkisi. KSU Tarim ve Doga Derg 27 (6), 1320-1331.
DOT: 10.18016/ksutarimdoga.vi.1343104.
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Techniques on Leaf Area Characteristics in "Mexrlot'/41B Grapevines. KSU J. Agric Nat 27(6), 1320-1331. DOI:
10.18016/ksutarimdoga.vi.1343104.

INTRODUCTION stems, and branches that play an important role in

photosynthesis, fruit ripening, and water relations.
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The regulation of grapevine canopy characteristics,
and thus the growth and productivity of grapevines,
are influenced by a range of factors, including biotic
and abiotic factors such as water availability,
temperature, soil nutrients, and pest and disease
pressure. However, among these factors, water
availability is crucial in determining grapevine growth
and productivity as it directly affects the plant's
physiological and biochemical processes. Human
interaction with grapevine plants also plays a
significant role in wine production, the direct
manipulation of the grapevines’ growth and health
through cultivation practices, and the subsequent
post-harvest handling and processing techniques
meticulously employed by winemakers. Proper care
and management of grapevines, including pruning,
canopy management, irrigation, and fertilization, can
improve vine growth and fruit quality, leading to
higher-quality wine production (Brillante et al., 2018;
Candar et al., 2020; Mir4ds-Avalos & Araujo, 2021).

In sustainable viticulture, the regulation of leaf water
potential (LWP, Wleaf) is essential, and it is a
commonly used indicator of plant water status, defined
as the difference in water potential between a leaf and
its surroundings. Decreased water resources due to
global climate change are effective in the grapevine life
cycle, and monitoring and management of LWP in
grapevine plants affect cluster characteristics, berry,
and wine composition by promoting slower leaf growth
and higher water use efficiency via leaf characteristics
(Rienth & Scholasch, 2019; Deloire et al., 2020).

Defoliation 1s a common vineyard practice that can
affect grapevine water status and productivity.
However, defoliation practices can have significant
physiological effects on the production-consumption
balance of vines (Bowen, 2009). These effects include a
decrease in the number of photosynthesis products
delivered to the cluster (Poni et al., 2008; Palliotti et
al., 2013; Vaillant-Gaveau et al., 2014), limited root
growth (Hunter et al., 1995), and decreased water
efficiency (Medrano et al., 2007). Removing leaves
during berry ripening can eliminate a potential source
of carbon (C) and nitrogen (N), which may lead to a
reduction in sugar and nitrogen accumulation
(Rossouw et al.,, 2018), ultimately affecting berry
quality (Bubola et al., 2022). Moreover, defoliation can
reduce the total leaf area of the vine, weakening
grapevine growth in the following years, and leading to
decreased yields (Bahar et al.,, 2018). Therefore,
grapevine physiological activity, leaf individual size,
and the total leaf area on the grapevine are in an
interactive relationship with each other (Candar, 2021;
Candar, 2022; Candar et al. 2022). Additionally,
defoliation can alter the microclimate around grape
clusters, affecting fruit quality and ripening (Bubola et
al., 2019; Candar, 2019; Stefanovic et al., 2021).

Understanding the effects of LWP and defoliation on
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grapevine leaf characteristics can provide valuable
insights into the mechanisms underlying grapevine
responses to water stress and defoliation. Such
insights can help optimize vineyard management
practices to improve grapevine productivity and fruit
quality.

Therefore, this study aimed to investigate the effects of
LWP and defoliation treatments on grapevine canopy
characteristics, including individual and total leaf
areas of main and lateral leaves, total leaf areas of
grapevines, leaf area exposed to direct sun and the
sun-exposed leaf area per kilogram of grapes.

MATERIAL and METHOD
Location and plant material

The study was carried out in the vineyard of a private
winery located in Tekirdag, Sarkdy, during two
consecutive vegetation periods in 2019 and 2020. The
grapevines utilized in the study were ‘Merlot’/41B
combination, planted with a 2.1 m and 1.0 m in-row
spacing. The grapevines were trained to 70 cm stem
height and the double arm cordon training method in
the Espalier system.

Methods

To ensure the accuracy of the study, the vines in each
row were carefully selected to have the same age,
development stage, and approximate load. After
disregarding edge effects, the selected grapevines were
considered homogeneous. In the year 2020, when the
shoots had grown approximately 25-35 cm, the number
of shoots and clusters was found to be the same as the
previous year. Routine cultural operations, including
tillage, fertilization, weeding, and spraying, were
performed in the vineyard throughout the two-year
vegetation period from 2019 to 2020.

The experiment was designed using the divided plots
trial design with three replications, and each plot was
subjected to a specific level of stress measured by leaf
water potential (LWP). The study included a total of
144 vines, with 48 vines in each replication, and four
different stress levels (S0, S1, S2, and S3) and leaf
removal treatments including Control (C, no
defoliation), Full Window (FW), Right Window (RW),
and Left Window (LW).

Irrigation was performed as required based on the
predawn leaf water potential (LWP, Wya)
measurements taken at five to seven-day intervals.
The predetermined stress levels were used to adjust
the irrigation, and the Wyq was verified the next day to
ensure it remained within the desired range. The
control treatment, SO, received no irrigation and relied
on random precipitation. S1 had a stress level between
-0.4 to -0.6 MPa, and irrigation was used to maintain
the Wya within this range. Similarly, S2 had a stress
level between -0.5 to -0.7 MPa, and the Wpd was
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maintained within this range through irrigation.
Lastly, S3 was subjected to a stress level of < -0.7 MPa
and the Wya was kept below this value through
irrigation. The defoliation treatments (DT) were
carried out approximately two weeks after the start of
veraison. The treatments involved removing shoots
and leaves from the eighth node and creating a window
by eliminating all the leaves between the seventh and
thirteenth nodes. The study consisted of four different
defoliation treatments: Control (C), Full Window (FW),
Right Window (RW), and Left Window (LW). For the
FW treatment, shoots and leaves were removed from
the eighth node. For the RW treatment, all the leaves
between the seventh and thirteenth nodes on the west
side of the row were removed, while for the LW
treatment, all the leaves between the seventh and
thirteenth nodes on the east side of the row were
removed. The C treatment was used as the control,
with no defoliation being performed. The defoliation
process was conducted with special care to ensure that
the grapes were at a 15-17 °Brix level according to Algo
(2019).

Leaf area analysis and measurements

The main phenological development dates of the bud
burst (EL- 05), pre-bloom (EL- 19), full bloom (El- 23),
berry set (EL- 27), veraison (EL- 35) and the harvest
(EL- 38) stages were recorded using the method
described by Lorenz et al. (1995). Climate data were
obtained from the Turkish State Meteorological
Service (MGM).

To determine the average leaf area of the main leaves
developing from the main shoot and the lateral leaf
areas growing from the lateral shoots, the fully grown
and healthy leaves were scanned with a scanner after
the harvest. The images obtained from the scanner
were analyzed using the Flieche program (Kraft,
1995), and the leaf area was calculated and recorded in
cm?,
To calculate the total main leaf (cm? vine!) and total
lateral leaf area per vine (cm?2 vinel), the average
number of leaves in the shoot and the total number of
shoots after harvest were multiplied. The total leaf
area per vine was determined by adding the main leaf
area per stem and the lateral leaf area per vine,
following the method described by Irimia and Tardea
(2006) and Sanchez-de-Miguel et al. (2010).
The formula used to calculate the leaf area exposed to
direct sun (m? da!) was;

1000

RS

where RS represents row spacing in meters, H
represents height in meters, CW represents canopy
width in meters, and CD represents canopy
discontinuity (10%).

To obtain the sun-exposed leaf area per kilogram of

* [(H* 2)+ CW]*(1—-CD)
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grapes (m2 kg'1), the leaf area exposed to direct sun (m?2
da'l) was divided by the yield per decare (kg da'l), using
the equation by Carbonneau (1980) and Carbonneau
(1983).

Trail design and statistical analysis

The experiment was designed using a divided plots
trial design, where the main plot represented water
stress levels, and each subplot represented defoliation
practices. A total of 144 vines were included in the
study, with three plants per sub-plot and three
replications per combination of four water stress levels
and four defoliation treatments.

Statistical data analysis was performed using JMP
13.2.0. Analysis of variance (ANOVA) was used to
determine the significance of differences between
treatments, and significant differences were further
grouped using the LSD test at a 5% significance level.
correlations and principal component analysis of
selected variables was carried out using R statistical
environment (R Core Team, 2016).

RESULTS and DISCUSSION
Climate, phenology, yield, and total soluble solids.

Table 1 shows the viticultural climate indicators of
Tekirdag for the years 1939-2019, as well as for the
years 2019 and 2020.

The mean annual precipitation decreased from 589.50
mm between 1939 and 2019 to 378.40 mm in 2019 and
further decreased to 290.00 mm in 2020. The
precipitation for vegetation, also decreased from
196.70 mm to 129.80 mm to 83.60 mm, respectively.
The average temperature for 2019 was 15.60°C, while
the average for 2020 was 15.30°C, while the long-term
average temperature was 14.00°C. The mean
temperature of the hottest month increased from 23.80
°C for 1939-2019 to 25.30 °C in 2019 and remained
stable at 25.00 °C in 2020. These trends suggest that
the region is becoming drier, which could have
implications for grape production.

The Huglin index (HI) increased from 2128.20 °C in
1939-2019 to 2324.07 °C in 2019 but decreased slightly
to 2229.21 °C in 2020. The Winkler index (WI-GDD)
increased from 1872.00 degree-days to 2157.00 degree-
days in 2019 and slightly decreased to 2124.00 degree-
days in 2020. The Hydrothermal Index (Hyl), which
combines temperature and precipitation, decreased
from 3595.20 °C mm for 1939-2019 to 2181.54 °C mm
in 2019 and further decreased to 1328.10 °C mm in
2020. These changes indicate that the region is
becoming warmer, with increasing heat accumulation
during the growing season. The Night Cold Index (CI),
increased from 16.00 °C to 17.60 °C to 19.20 °C,
respectively, and the Growing Season Temperatures
(GST). Finally, the GST, which is the average
temperature during the growing season, increased
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from 18.91 °C to 20.27 °C to 20.11 °C, respectively (Table 1).

Table 1 Tekirdag viticultural climate indicators in experimental years.

Cizelge 1. Deneme yillarinda Tekirdag bagcilik 1klim gostergeleri.
Climatic indices Unit 1939-2019 2019 2020 References
Precipitation (Mean Annual) mm 589.50 378.40 290.00
Precipitation (Vegetation) mm 196.70 129.80 83.60
Mean temperature of hottest month °C 23.80 25.30 25.00
Huglin index (HI) °C 2128.20 2324.07 2229.21 (Huglin, 1978)
Winkler index (WI-GDD) degree-day  1872.00 2157.00 2124.00 (Winkler et al, 1974)
Hydrothermic Index (HylI) °C mm 3595.20 2181.54 1328.10 (Branas, 1946)
Night Cold Index (CI) °C 16.00 17.60 19.20 (Tonietto, 1999)
Growing Season Temperatures (GST) °C 18.91 20.27 20.11 (Jones, 2007)

The bud burst (EL 05), which corresponds to the
appearance of green shoot tips, occurred on April 11,
2019, and on April 15, 2020, indicating that the 2020
bud burst was delayed by four days compared to 2019.
The pre-bloom (EL 19) stage, occurred on May 26,
2019, and May 30, 2020, respectively. The full bloom
(El 23), in 2019, occurred on June 2, while in 2020, it
occurred on June 8, indicating a six-day delay in the
latter year. Berry set (EL 27), was observed on June 9,
2019, and June 14, 2020, respectively. The veraison
(EL 35) occurred on July 20, 2019, and July 24, 2020,
respectively. The harvest (EL 38), in 2019, occurred on
September 15, while in 2020, it occurred on September
16.

Overall, data showed that there were slight variations
in the timing of the phenological stages between the
two years, with some stages being delayed in 2020
compared to 2019. These differences could be
attributed to variations in weather patterns and
environmental conditions between the two years.

Since homogeneous grapevines were already selected
1n both years according to the trial design, the number
of shoots and clusters was also homogenized, no
statistical difference could be detected in kg yield per
grapevine according to defoliation and stress
treatments. Yield per grapevine varied between 2.20-
2.22 kg per grapevine in defoliation treatments and
2.20-20.26 kg per grapevine in stress treatments.

Although defoliation treatments (FW and LW) had no
overall impact on total soluble solids (TSS)
accumulation over multiple years, leaf water potential
(LWP) treatments did significantly affect TSS. Within
the defoliation group, LW resulted in the highest
average TSS (24.78 °Brix), while FW had the lowest
(24.35 °Brix). Within the LWP group, the SO treatment
with the highest potential (25.00 °Brix) achieved the
highest TSS, while S3 had the lowest. Notably, TSS
was higher in 2020 (24.76 °Brix) compared to the
previous year (24.39 °Brix).

Main leaf area
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The previous studies determined that the size of the
main leaves of the 'Merlot' grape cultivar ranged from
152.29 cm? to 237.60 cm?2 (Candar, 2018). However, the
available data for experimental years ranged from
91.79 cm? to 142.94 cm?2 with an average of
125.93+22.69 cm?2. It is known that leaf size is
influenced by environmental, developmental, and
genetic factors during the formation process. Thus,
there can be variations in leaf size from the average
appearance to its actual size (Chitwood et al., 2016a).
Therefore, the morphological and physiological
characteristics of the leaves may be influenced by
factors other than the variety itself, such as their
position in the shoot or environmental effects.

In the year of 2019, there was a general decrease in the
main leaf area as the level of water stress increased.
This trend is supported by the declining mean values
observed from SO to S3. The highest main leaf area was
recorded under S3 in 2019, which differed significantly
from the other stress treatments. However, in 2020,
there were no significant differences among the stress
treatments. Regarding the defoliation treatments, the
mean main leaf area values in the year 2019 did not
show any significant differences. However, in 2020,
significant differences were observed among the
defoliation treatments. The main leaf area was
significantly higher in the control group (C) compared
to the defoliation treatments in both experimental
years. This indicates that defoliation negatively
affected the main leaf area (Table 2).

When considering the significance levels for the mean
main leaf area concerning the main effect of defoliation
treatment (DME), it was observed that the C
treatment had the largest leaves, with an average size
of 139.66 cm?2, while the FW treatment had the
smallest leaves, averaging 114.97 cm?2. In terms of the
main effect of leaf water potential (LWPME), the S3
treatment exhibited the highest main leaf size, with an
average value of 134.01 cm?, while the SO treatment
had the lowest main leaf size, averaging 121.01 cm?2
across the experimental years.
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Table 2 Effects of stress levels and defoliation treatments on leaf area variables.

Cizelge 2. Stres seviyeleri ve yaprak alma uygulamalarinin yaprak alani degiskenleri tizerindeki etkileri. Values
marked with different letters in the same column and row were statistically significant at p<0.05 level according to ANOVA
and the LSD test. Results expressed as mean of three replications with + SE.

S0; control of stress treatments, S1; Wya between -0.3/-0.5 MPa, S2; Wpa between -0.5/-0.7 MPa, and S3; Wyq <-0.7 MPa. C;
control of defoliation treatments, FW; full window, RW; right window and LW; left window. LWPME= stress treatments main
effect, DTME=defoliation treatments main effect, YME=year main effect.

It is reasonable to expect that increased water stress
would lead to a decrease in the average main leaf area.
However, in the case of grapevine plants, which are
perennial woody plants, their leaf shape and size
differentiation may exhibit adaptation and flexibility
to various environmental factors, which may differ
from evolutionary and developmental effects
(Chitwood et al., 2016b). Therefore, the finding
regarding the main effect of leaf water potential
(LWPME) aligns with the results reported by Candar
(2018). Regarding the main effect of defoliation
treatment (DME), it was discovered that the FW
treatment resulted in the smallest main leaf areas.
This finding differs from the observations of Candar
(2018), where it was noted that the main leaf size
increased in grapevines with the lowest total leaf area,
where only the main leaves remained on the plant.
However, the available data indicate that lateral
leaves have the potential to contribute to the
development of main leaves, and the size of the main
leaves may not play a critical role in maintaining total
photosynthesis rates. Moreover, the physiological ages
of main leaves and axillary leaves were found to be
distinct, which is linked to their photosynthetic
capacity. Schultz (1996) explained that young leaves
exhibit a high photosynthetic capacity until harvest,
but their position in the canopy and the light
microclimate can influence the overall photosynthesis
of the plant. In this regard, the available data are
consistent with the findings of Schultz (1996).
Furthermore, based on the data from this study, the
relationship between the initiation time of stress-
induced irrigation practices and leaf maturity could
elucidate the observation that leaf size did not exhibit
a linear and positive alteration with escalating stress
levels.

However, the impact of decreasing soil water reserves
becomes evident when comparing the experimental
years. The main effect of the year (YME) shows
statistical significance. In 2019, the average main leaf
area was 138.56 cm?2, indicating its higher importance.
However, in 2020, the average main leaf area
significantly decreased to 113.29 cm?2, placing it in the
lower-importance group. The reduced precipitation
received during the vegetation period in 2020
contributed to the main leaves remaining consistently
smaller compared to the previous year. It is believed
that this decrease in the average main leaf area in

2020, compared to 2019, has a direct impact on
photosynthesis, resulting in reduced yield per vine
and, consequently, yield per decare.

Lateral leaf area

The average size of the lateral leaves of cv. 'Merlot' was
determined to be 31.62+6.17 cm2. Previous studies, on
the other hand, report that the lateral leaf area for
'Merlot' grape cultivar varies between 55.16 cm? and
92.74 cm? (Candar, 2018). In the year of 2019, the
lateral leaf area generally increased as the level of
water stress increased. The highest lateral leaf area
was observed under S3 in 2019, which differed
significantly from the SO and S1 treatments. However,
in 2020, although S3 had the lowest value, it was
significantly different only from S2. The significant
differences observed in the main effect of water stress
treatments (LWPME) in both experimental years
indicate that the lateral leaf area was significantly
influenced by the amount of water applied to
grapevines (Table 2).

In both 2019 and 2020 years, the lateral leaf area
exhibited some variation among the different
defoliation treatments. In 2019, the lateral leaf area
showed significant differences among the defoliation
treatments in the control group (C). However, in 2020,
significant differences were not observed between the
defoliation treatments. The control group in 2020 and
S31in 2019 displayed higher lateral leaf area compared
to the defoliation treatments.

When examining the mean lateral leaf area across the
experimental years, the main effect of defoliation
treatment (DME) was found to be statistically
significant. The highest values were observed in LW
with a mean of 32.76 cm? and RW with a mean of 32.28
cm2, while the lowest lateral leaf area size was
recorded in the FW treatment with a mean of 29.77
cm2,

Analyzing the average lateral leaf area based on the
main effect of leaf water potential (LWPME) across the
years, ANOVA showed statistical significance at the
5% level. The S2 treatment had the highest mean value
of 34.68 cm?, placing it in the first importance group,
while the lower values were observed in the S1, S3, and
SO treatments, respectively, in the last importance
group.

Furthermore, when examining the average lateral leaf
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area concerning the main effect of the year (YME),
statistical significance was observed. The year 2019
exhibited the highest mean value of 34.02 cm2, placing
it in the first importance group, while the year 2020
was found to be in the last importance group with a
mean value of 29.21 cm?.

Zinni et al. (2023) observed that complete removal of
whole leaves was effective in increasing the average
lateral leaf area in the application without tipping. The
study indicated that both RW and LW applications
were successful in enhancing the average lateral leaf
area. The available data corroborate these findings, as
similar results were achieved for the year 2019.

Total main leaf area per grapevine

In both experimental years, there was a general
increase in the total main leaf area as the level of water
stress increased. The highest total main leaf area was
consistently observed under S3 in both 2019 and 2020,
and it differed significantly from the other stress
treatments. However, there were no significant
differences in the total main leaf area among the
control group and the different defoliation treatments
in both 2019 and 2020. The mean values for the control
group (C) and the defoliation treatments were
relatively similar in both years (Table 2).

When evaluating the two-year data of the total main
leaf area per grapevine together, it was found that the
main effect of defoliation treatment (DME) did not
show significant differences between applications with
close values. On the other hand, the main effect of leaf
water potential (LWPME) was statistically significant,
with S3 reaching the highest value when importance
levels were examined.

Regarding the main effect of year (YME), while the
total main leaf area per grapevine was statistically
significant throughout the experimental years, it was
determined that 2019 had the highest value of 1.80 m?
main leaf area per vine, placing it in the first
importance group, and 2020 had the lowest value of
1.67 m2 vine'l, placing it in the last importance group.

Total lateral leaf area per grapevine

In both experimental years, there was a general
increase in the total main leaf area as the level of water
stress increased. The highest total main leaf area was
consistently observed under S3 in both 2019 and 2020,
and it differed significantly from the other stress

treatments. However, there were no significant
differences in the total main leaf area among the
control group, and in both 2019 and 2020, there was a
general increase in the total lateral leaf area as the
level of water stress increased. This is evident from the
increasing mean values observed from SO to S3. The
highest total lateral leaf area was consistently
observed under S3 in both 2019 and 2020, and it
differed significantly from the other stress treatments.
The main effect of stress treatments (LWPME) did not
significantly affect the total lateral leaf area,
indicating that the interaction between stress
treatments did not have a significant impact.

Similarly, the total lateral leaf area did not show
significant differences among the different defoliation
treatments in both 2019 and 2020. The mean values
for the control group (C) and the defoliation treatments
were relatively similar in both years (Table 2).

When examining the combination of years for the total
lateral leaf area per grapevine, the main effects of leaf
water potential (LWPME) and year (YME) were found
to be statistically significant. However, the main effect
of defoliation treatment (DME) was not found to be
statistically significant. Among the defoliation
treatments, RW had the highest value, while FW had
the lowest value based on DME. According to LWPME,
the S3 application was in the first importance group,
followed by the other treatments. Considering the
combined effect of LWP and defoliation treatments, the
year 2020 reached the highest value of 3.38 m2 vinel,
placing it in the first importance group, while the year
2019 was found to be in the last importance group with
a value of 2.11 m? vine.

Total leaf area per grapevine

In both 2019 and 2020, there was a general increase in
the total leaf area as the level of water stress
increased. This trend is evident from the increasing
mean values observed from SO to S3. The highest total
leaf area was consistently observed under S3 in both
2019 and 2020, and it differed significantly from the
other stress treatments. The total leaf area also
exhibited some variation among the different
defoliation treatments in both 2019 and 2020. In 2019,
there were no significant differences observed among
the defoliation treatments. However, in 2020,
significant differences were observed between the
defoliation treatments (Table 3).

Table 3 Effects of stress levels and defoliation treatments on total main leaf area, sun-exposed leaf area, and

yield-related variables.

Cizelge 3. Stres seviyeleri ve yaprak alma uygulamalarinin toplam ana yaprak alani, giinese maruz kalan yaprak

alani ve verime bagh degiskenler tizerindeki etkileri.

Total leaf area per
grapevine (m? vine?)

Leaf

(m2da?)

area exposed to direct sun Sun exposed leaf area per

kilogram of grapes (m? kg'!)
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2019 2020 2019 2020 2019 2020
LWPs’
S0 3.60+0.18b  4.86+0.21b  1051.50+45.49 1062.15+45.52 0.94+0.04b  1.04+0.06
S1 3.44+0.59b  4.92+0.22b  1056.83+45.47 1058.10+44.41 0.97+0.03b  1.01+0.07
S2 3.75+0.53b  4.94+0.14b  1055.91+46.34 1057.85+44.31 1.03+0.03a  1.02+0.05
S3 4.72+0.14a  5.90+0.14a  1058.33+47.50 1057.14+45.68 1.02+0.04a  1.01+0.07
LWPME (LSDO0.05) 0.46 0.50 ns ns 0.03 ns
DTs’
C 3.85+0.19 5.55+0.20a  1272.58+3.62a 1271.19£2.31a 1.17+0.20a  1.28+0.06a
FW 3.95+0.15 4.86+0.28b  841.33+3.72¢  850.00£2.29¢  0.80+0.12¢  0.80+0.03c
RW 3.99+0.20 5.20+0.15ab 1055.24+5.52b 1054.52+2.59b 0.99+0.01b  0.99+0.01b
LW 3.72+0.29 5.01+0.18b  1053.33+5.09b 1059.52+3.73b 0.99+0.01b  1.02+0.03b
DME (LSD0.05) ns 0.50 14.31 854 0.03 0.13
YME
3.88+0.10B  5.16+0.10A  1055.59+22.35 1058.81+21.76 0.99+0.02 1.02+0.03
YME (LSDO0.05) 0.23 ns ns

Values marked with different letters in the same column and row were statistically significant at p<0.05 level according to
ANOVA and the LSD test. Results expressed as mean of three replications with + SE.

S0; control of stress treatments, S1; Wya between -0.3/-0.5 MPa, S2; Wpa between -0.5/-0.7 MPa, and S3; Wyq <-0.7 MPa. C;
control of defoliation treatments, FW; full window, RW; right window and LW; left window. LWPME= stress treatments main
effect, DTME=defoliation treatments main effect, YME=year main effect.

Although the year combination did not show statistical
significance in terms of the main effect of defoliation
treatment (DME), it was found that the highest value
for the total leaf area per grapevine was 4.70 m2 vine'!
in the control (C) treatment, while the lowest value
was observed in the FW treatment. When considering
the main effect of leaf water potential (LWPME), it was
found that the annual incorporation of LWPME is
significant for the total leaf area per grapevine at the
5% level. The S3 treatment was placed in the first
importance group with a value of 5.31 m?2 vinel,
followed by the S2, SO, and S1 treatments in order.

Furthermore, the total leaf area per grapevine showed
statistical significance at the 5% level in terms of the
main effect of year (YME). In the first importance
group according to YME, it reached 5.16 m2 vinel in
2020 and 3.88 m2 vine! in 2019 (Table 3).

Delice (2001) and Calo et al. (1999) found a significant
positive correlation between grapevine yield and total
leaf area, stating that brix was associated with the
ratios of total leaf area/leaf area exposed to direct sun
and vegetative growth/yield balance. In the present
study, it was observed that the total leaf area per vine
increased in 2020, and the brix values in 2020 were
higher compared to the previous year.

Leaf area exposed to direct sun m2 da’!

There were no significant differences in the leaf area
exposed to direct sun among the different stress
treatments in both 2019 and 2020. The mean values
for the leaf area exposed to direct sun were relatively
similar across all stress treatments in both years.

However, there were significant differences in the leaf
area exposed to direct sun among the different
defoliation treatments in both 2019 and 2020. The
control group (C) had the highest leaf area exposed to

1326

direct sun, which was significantly different from the
other defoliation treatments. Significant differences
were also observed among the defoliation treatments
themselves, with the FW treatment having the lowest
leaf area exposed to direct sun (Table 3).

When examining the combination of years for the main
effect of defoliation treatment (DME), it was found to
be statistically significant. The C treatment had the
highest value of 1271.88 m2 ha’l, while the FW
treatment had the lowest leaf area exposed to direct
sun with a value of 845.66 m2 ha'l. In terms of the main
effect of leaf water potential (LWPME), it was observed
that the SO treatment had a relatively lower leaf area
exposed to direct sun with a value of 1056.82 m2 ha'l,
while the S3 treatments had a higher leaf area exposed
to direct sun with a value of 1057.73 m2 hal. Regarding
the main effect of the year (YME), the year 2019 had a
value of 1055.64 m? ha’l, while the year 2020 had a
slightly higher value of 1058.81 m?2 ha'l.

Sun-exposed leaf area per kilogram of grapes m2 kg'!

There were significant differences in the sun-exposed
leaf area per kilogram of grapes among the different
stress treatments in 2019. However, in 2020, no
significant differences were observed among the stress
treatments.

Similarly, the sun-exposed leaf area per kilogram of
grapes showed significant differences among the
different defoliation treatments in both 2019 and 2020.
The control group generally had the highest sun-
exposed leaf area per kilogram of grapes, which
differed significantly from the other defoliation
treatments. Significant differences were also observed
among the defoliation treatments themselves, with the
FW treatment having the lowest sun-exposed leaf area
per kilogram of grapes (Table 3).
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When considering the combination of 2019 and 2020 in
terms of the main effect of defoliation treatment
(DME), it was determined that the values ranged
between 2.19 m? kg'! in the control (C) treatments and
2.00 m2 kg! in the FW treatments. Examining the
main effect of leaf water potential (LWPME), it was
found to be statistically significant, with the S3
treatments reaching the highest value of 2.43 m?2 kg1
in the first importance group, followed by the S2, S1,
and SO treatments in order. In terms of the main effect
of the year (YME), although statistically significant, it
reached a value of 2.38 m2 kgl in 2020 and 1.77 m2 kg
1in 2019, with a higher value in 2020.

Correlations of leaf characteristics, maturation indices
and yield

The variable lateral leaf area has a moderate positive
correlation with the main leaf area with a correlation
coefficient of 0.398. The total main leaf area per
grapevine has a strong positive correlation with the
main leaf area, a weak positive correlation with the
lateral leaf area, and no significant correlation with
the remaining variables. The variable total lateral leaf
area per grapevine has a weak negative correlation
with the main leaf area and no significant correlation
with the other variables. The total leaf area per
grapevine has no significant correlation with the main
leaf area and lateral leaf area, but it has a moderate
positive correlation with the total main leaf area per
grapevine, a strong positive correlation with the total
lateral leaf area per grapevine with a correlation
coefficient of 0.944, and no significant correlation with
the remaining variables. The leaf area exposed to the
direct sun has a moderate positive correlation with the
main leaf area and no significant correlation with the
other variables. The correlation coefficient between
sun-exposed leaf area per kilogram of grapes and leaf
area exposed to direct sun is 0.796 and represents a
strong positive relationship. The sun-exposed leaf area
per kilogram of grapes also has weak positive
correlations with total main leaf area per grapevine,
total lateral leaf area per grapevine, and total leaf area
per grapevine. The maturation indices of pH? x °Brix
have a weak positive correlation with the main leaf
area, weak negative correlations with total leaf area
per grapevine and total lateral leaf area per grapevine,
and no significant correlation with the other variables.
The yield has no significant correlation with any of the
variables except a strong negative correlation with
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sun-exposed leaf area per kilogram of grapes (Figure
1).
of

Principal component analysis (PCA) leaf

characteristics, maturation indices, and yield

To assess the interaction among stress levels,
defoliation treatment, and the leaf characteristics
under study, a PCA was conducted. The dataset
consisted of a total of eight treatments and nine leaf
variables, and the analysis was performed using the
covariance matrix. Two distinct biplots were generated
to examine the impact of stress levels and defoliation
treatments on the leaf variables individually.

According to the cumulative proportion of variance in
the LWP biplot, PC1 accounts for 56.80% of the total
variance. When PC1 and PC2 are combined, they
explain 95.10% of the total variance. Furthermore,
PC1, PC2, and PC3 together explain 100% of the total
variance. Hence, PC1 and PC2 are the primary
components in capturing the variability in the LWP
data. Similarly, for the defoliation treatments, PC1
explains 66.80% of the total variance, PC2 explains
23.50% of the total variance, and when PC1, PC2, and
PC3 are combined, they account for 100% of the total
variance, as shown by the cumulative proportion of
variance. Both PCA correlation plots demonstrate a
noticeable distinction among the samples based on the
treatments and variables, indicating a reasonable
separation (Figure 2).

Upon analyzing the LWPs biplot, it is evident that
variable SO has a loading value of -2.08 for Dim.1,
indicating a negative correlation between SO and the
first principal component. Similarly, S1 has a loading
value of -1.14 for Dim.1, also indicating a negative
correlation with the first principal component. In
contrast, S2 has a loading value of 0.11 for Dim.1,
suggesting a weaker correlation. On the other hand, S3
displays a loading value of 3.11 for Dim.1, indicating a
strong positive correlation with the first principal
component. Regarding Dim.2, SO has a loading value
of 0.79, suggesting a positive correlation with the
second principal component. Similarly, S1 has a
loading value of 0.98 for Dim.2, indicating a positive
correlation. In contrast, S2 demonstrates a significant
negative correlation with the second principal
component, as shown by its loading value of 2.78 for
Dim.2. Finally, S3 has a loading value of 0.99 for
Dim.2, suggesting a positive correlation.
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Figure 1. Correlations of selected variables. Coefficient statistical significance indicated by color of squares. mla;
main leaf area (cm?), lla; lateral leaf area (cm?), tmla; total main leaf area per grapevine (m2), tlla; total
lateral leaf area per grapevine (m2), tla; total leaf area per grapevine (m?), laeds; leaf area exposed to
direct sun (m2? da'1), selapkg; Sun exposed leaf area per kilogram of grapes (m?2 kg'!), mi; maturation
indice of pH2 x °Brix, yield; yield per grapevine (kg)
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Figure 2. Principal component analysis (PCA) with the mean values of variables. A; PCA biplot of LWPs’, B; PCA
biplot of DTs’. mla; main leaf area (cm?2), lla; lateral leaf area (cm2), tmla; total main leaf area per
grapevine (m2), tlla; total lateral leaf area per grapevine (m2), tla; total leaf area per grapevine (m2),
laeds; leaf area exposed to direct sun (m2da‘l), selapkg; sun-exposed leaf area per kilogram of grapes (m2
kg1), mi; maturation indices of pH? x °Brix, yield; yield per grapevine (kg)

Sekil 2. Se¢ilmis degiskenlerin birincil bilesen analizi (PCA)

When examining the loading values for the leaf
variables in relation to LWP levels, it is evident that
the total lateral leaf area per grapevine and the MI,u?
x °Brix variable exhibit strong positive correlations with
both Dim.1 and Dim.2. This implies that these
variables have a significant influence on multiple
aspects captured by the principal components. Their
impact extends across different underlying factors
represented by Dim.1 and Dim.2. In contrast, variables
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such as lateral leaf area and total lateral leaf area per
grapevine display contrasting correlations between the
two dimensions. Lateral leaf area shows a weak
correlation with Dim.1 but a strong positive correlation
with Dim.2. On the other hand, total lateral leaf area
per grapevine demonstrates a strong positive
correlation with Dim.1 but a weak correlation with
Dim.2. These distinct patterns suggest that these
variables contribute differently to the underlying
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factors represented by Dim.1 and Dim.2.

In practical terms, this information can be used to
identify key variables that have a consistent and
strong impact across multiple dimensions such as total
lateral leaf area per grapevine and MIpn? x °Brix. These
variables can be considered influential factors that
contribute significantly to the overall structure of the
data. Conversely, variables with contrasting
correlations like lateral leaf area and total lateral leaf
area per grapevine may require further investigation
to understand their unique contributions and how they
affect different dimensions of the data.

In the DTs biplot, by examining the loading values, it
is observed that the variable FW has the highest
loading value on Dim.1 with a value of 3.20, indicating
a strong positive correlation with the first principal
component. This suggests that FW is highly associated
with the variability explained by Dim.1. Similarly, LW
and RW exhibit positive loadings on Dim.2 by values of
1.29 and 1.20, respectively, indicating a positive
correlation with the second principal component.
Conversely, variable C demonstrates negative loadings
on both Dim.1 and Dim.2, indicating a negative
correlation with both principal components. This
implies that C is inversely related to the variability
explained by both dimensions. These loading values
help identify the variables that contribute the most to
the respective principal components. In this case, FW
appears to have the strongest influence on Dim.1,
while LW and RW have significant contributions to
Dim.2. Variables such as total leaf area per grapevine,
leaf area exposed to direct sun, and sun-exposed leaf
area per kilogram of grapes exhibit relatively high
loading values in both Dim.1 and Dim.2, indicating
strong positive correlations with both principal
components. On the other hand, variables like total
main leaf area per grapevine, total lateral leaf area per
grapevine, and MIyn? x *Brix display moderate positive
loadings in both dimensions. It's important to note that
while the loading values for all variables are positive,
their magnitudes differ, indicating variations in the
strength of their contributions to the principal
components. For instance, the leaf area exposed to
direct sun and sun-exposed leaf area per kilogram of
grapes have higher loading values compared to the
main leaf area or yield, suggesting that they contribute
more significantly to the explained variability.

CONCLUSION

Upon analyzing leaf characteristics, an observable
trend emerged wherein an elevated stress level
corresponded to an increased count of primary, lateral,
and overall leaves per vine. This atypical occurrence,
rarely documented in existing literature, is believed to
activate a stress-mitigating mechanism. This
mechanism involves the mobilization of stored
materials through internal metabolic processes and
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the plastidic effects within the grapevine.
Furthermore, the experiment was conducted in a
uniform and well-balanced vineyard with consistent
cultivation practices and longstanding production
objectives. Consequently, certain criteria did not
distinctly manifest the effects of the interventions;
however, the outcomes did capture the underlying
trends.

Regarding leaf removal interventions, the application
of FW led to a reduction in all criteria except for the
total number of primary leaves per vine.

It is anticipated that disparities between the outcomes
will become more conspicuous in vineyards with
dissimilar crop loads and/or during years when
climatic variables exert more pronounced influences.
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OZET

Solanaceae familyasimin bir {iyesi olan Capsicum annuum (Capia), meyve
ve bitki 6zellikleri bakimindan zengin bir genetik gesitlilige sahiptir. Bu
calisma, yeni hibrit kapya biber ¢esitlerinin gelistirilmesi i¢in arzu edilen
morfolojik 6zelliklere sahip kapya biber genotiplerini secmek amaciyla
morfolojik karakterler kullanarak yerel popiilasyonlar, standart ve hibrit
cesitlerden olusturulan genetik havuzu karakterize etmeyi amacglamigtir.
Yiiz on iki genotip 15 morfolojik (11 kalitatif ve 4 kantitatif) karakter
kullanilarak karakterize edilmig ve kalitatif karakterler gozlemlenirken
kantitatif karakterler ol¢uilmustir. Tek bitki seleksiyonu sonucunda
belirlenen hatlar arasindaki iligkiyi belirlemek i¢in Kiime ve Temel
Bilesen Analizi (PCA) uygulanmistir. Yapilan kiime analizi sonucunda
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hatlar arasindaki morfolojik benzerligi degerlendirmek i¢in dendrogram
olusturulmus ve 15 degiskene dayali olarak on dokuz grup belirlenmistir.
Temel bilegsenler analizinde ise alt1 TB ekseni toplam varyasyonun %66,2'
sini aciklamigtir. Calisma sonucunda, biber hatlari arasinda yiiksek
morfolojik varyasyon tespit edilmigtir. Bitki ozelliklerinde ki
varyabilitenin degerlendirmesi, genetik¢ilere ve 1slahcilara biber i1slah
programlarina dahil etmek tuzere arzu edilen ozelliklere sahip
poptlasyonlarin belirlemelerinde yardime1 olabilir.

Morphological Characterization of Some Capia Pepper (Capsicum annuum L.) Genotypes

ABSTRACT Horticulture

Capsicum annuum (Capia), a member of the Solanaceae family, has a rich

genetic diversity in fruit and plant traits. To select Capia pepper Research Article
genotypes with desirable morphological traits for the development of new . .

hybrid capia pepper varieties, this study aimed to characterize genetic Artlc.le Hlstory'

accessions generated from local populations, and standard and hybrid Received :21'02'2024
cultivars using morphological characters. One hundred and twelve Accepted +80.05.2024
genotypes were identified using 15 morphological traits (11 qualitative Keywords

and 4 quantitative) and quantitative traits were measured while
qualitative traits were observed. Cluster and Principal Component
Analysis (PCA) was applied to determine the relationship between the
lines identified as a result of single plant selection. As a result of the
cluster analysis, a dendrogram was prepared to evaluate the
morphological similarity between the lines, and nineteen groups were
identified based on 15 variables. In Principal Component Analysis, six
PC axes explained 66.2% of the total variation. As a result of the study,
high morphological variability was observed among pepper lines. This
evaluation of plant trait variability can assist geneticists and breeders in
identifying populations with desirable characteristics for inclusion in
pepper breeding programs.
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INTRODUCTION

Pepper (Capsicum annuum L.) is a crop with different
colors ranging from green at the intermediate stage to
yellow or red at maturity. Pepper is an important
health protective factor that helps protect against
common human diseases, especially due to the
phenolic compounds, flavonoids, and carotenoids in its
fruits, which can increase the vitamins perspective
(Mady et al., 2005). According to Tiiik (2023), capia
pepper is one of the most widely cultivated crops in
Turkey and has increased significantly in both open-
field and greenhouse cultivation in recent years. In
2022, Faostat reported the world production of pepper
at 36.972.494 metric tons and the estimated total
production of pepper in Turkey at 3.018.775 metric
tons. Considering this production data, Turkey has a
rich genetic diversity of peppers with high cultivation
value and important importance in terms of research
and conservation. Correct identification and
classification of botanical species is a crucial step in
efficiently managing germplasm collections. Because
this stage forms the basis of developing any plant
species. In addition, many researchers have stressed
the importance of morphological characterization as a
fundamental step toward resolving taxonomic conflicts
in many plant species (Moura et al., 2013; Ranjit et al.,
2013; Gerrano et al., 2017; Olatunji & Afolayan, 2018).

It has been reported that due to the increased
cultivation of improved varieties, a large portion of
cultivated peppers are in constant danger of extinction
along with the loss of genetic diversity (Sunday et al.,
2021). In this context, morphological characterization
studies are considered an important starting point for
genotype selection from cultivars for breeding
purposes (Oyelakin et al., 2019). These studies are also
a useful genetic guide for selecting parental plants for
hybridization (Singh, 2006). Due to the increasing
cultivation of improved varieties, a large proportion of
cultivated peppers have been reported to be in constant
danger of extinction with a loss of genetic diversity
(Sunday et al., 2021). Taia (2005) and Karaca (2013)
reported that the use of morphological characters is the
most valuable tool in selecting genotypes from
varieties for crop improvement and breeding purposes.
This process involves studying and evaluating the
physical and structural characteristics of the plant,
such as shape, size, color, and other visible traits.
Evaluation of genetic diversity determined after
morphological characterization is very important for
determining unique traits, genetic variations, and
potential sources of resistance to diseases, pests, and
environmental stresses. In addition the genotypes
identification and differentiation of different genotypes
or cultivars based on their physical characteristics,
such as plant height, leaf shape, fruit shape, color, and
size. This information is crucial for maintaining
genetic purity and integrity in breeding programs.
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Morphological characterization also provides valuable
data for plant breeders to select and develop new
pepper cultivars with desirable traits and enables
them to make informed decisions on which genotypes
to cross in line with breeding aims. Weerakoon and
Somaratne (2010) also used morphological traits such
as plant height, stem pubescence, fruit weight, flower
color, and fruit shape to select pepper different
genotypes for hybridization and breeding purposes.
Sunday et al. (2021) used morphological traits such as
fruit shape and color, fruit length (cm), fruit width
(cm), and fruit wall thickness. All these morphological
traits are very important in varietal selection and
breeding programs. This is because fruit yield is
determined by the vegetative characters. Numerous
researchers in our country and around the world
performed various characterizations on C. annuum L.
species according to the fruit and plant characteristics,
and the existing morphological variations were
identified in detail (Bagak, 2019; Belay et al., 2019;
Lima et al., 2019; Santos et al., 2019; Hernandez-Pérez
et al., 2020; Khan et al., 2020; Ferdousi et al.,2021;
Sunday et al.,2021; Tripodi et al., 2021; Bedjaoui et
al.,2022; Gomes et al., 2022; Sahin et al., 2022; Cetin,
2023). To date, many characterization studies have
been carried out on pepper, but morphological
characterization studies on capia pepper are limited. It
is known that breeders of capia pepper develop
varieties through the selection of superior parents for
various purposes. Therefore, understanding the level
of genetic variation among pepper varieties through
the use of morphological traits is important for the
selection of suitable genotypes for crop improvement
and breeding purposes. Accordingly, this study aimed
to characterize the genetic pool established to select
capia pepper genotypes with desirable morphological
traits for future breeding studies.

MATERIAL and METOD
Plant material

The study material consisted of 112 Capia pepper
genotypes, including 61 local populations from
Kirsehir, 1 standard variety (Yalova Yaglik 28), and 50
hybrid varieties. Morphological observations and
measurements were reported for 122 lines identified
through morphological characterization studies on 775
plants at S1 stage.

Phenotypic Characters

Data for morphological characteristics were collected
according to the UPOV (TG/76/8) protocol (UPOV,
2006). One hundred and twelve Capia pepper
genotypes were cultivated in the fully automated R&D
greenhouse at Kirgehir Ahi Evran University. On
average, 8 plants of each genotype were planted based
on seed emergence with spacing of 0.7m x 0.4m x 0.4m.
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A total of fifteen phenotypic characters were
evaluated. All characters were measured in the
greenhouse at normal harvest time. One hundred and
twenty genotypes were characterized using 15
morphological characters (11 qualitative and 4
quantitative), with qualitative characters observed
and quantitative characters measured.

The qualitative characters included: Anthocyanin
coloration in the internode (none/medium/high/very
high), Plant grown habit (upright, semi-upright,
prostrate), Leaf color (light green, green, dark green),
Leaf shape (lanceolate, ovate, broad elliptic), Fruit
attitude (erect, horizontal, drooping), Immature fruit
color (light green, green, dark green), Mature fruit
color (light red, red, dark red), Fruit cross-section
shape (elliptic, angular, circular), Fruit tip shape (very
acute, moderately acute, rounded, moderately
depressed, very depressed),), Number of fruit
loculus(predominantly two, equally two and three,
predominantly three, equally three and four) and fruit
stalk tip (absent, shallow, medium, deep, very deep).
The quantitative characters were: Fruit length (cm),
Fruit width (cm), Fruit flesh thickness (mm), and Seed
cavity length (cm). Fruit character analyses were
conducted on 3 fruits from each plant.

Statistical Analysis

The multivariate procedure in Minitab (MINITAB 19,
2019) was used for principal component analysis (PCA)
and cluster analysis based on 15 morphological
characters. In this analysis, the data obtained from the
selected materials were scored according to the UPOV
scale values, in order to identify patterns of variation
within the Capia pepper accession groups.

RESULTS and DISCUSSION
Phenotypic Traits

Phenotypic characterization parameters showed a
high variation in terms of some plant and fruit traits.
When plant traits were evaluated, it was determined
that 3 lines were prostrate (2.46%), 11 lines were semi-
upright (9.02%) and 108 lines were upright (88.52%) in
terms of plant attitude. In the study, the peppers that
were determined to be prostrate and semi-upright in
terms of plant attitude were non-types of village
pepper, bell pepper, and ornamental pepper. In the
gene collection, which showed high variation in terms
of leaf color and shape, 58 lines were dark green
(47.54%), 55 lines were green (46.08%) and 9 lines were
light green (7.38%). In terms of leaf shape; 6 lines were
broad elliptic (4.92%), 2 lines were lanceolate (1.64%)
and 114 lines were ovate (93.44%). Finally, according
to the intensity of anthocyanin in the internode; 19
lines were low (15.58%), 46 lines were medium
(37.70%), 46 lines were high (37.70%) and 11 lines
(9.02%) were absent anthocyanin in the internode. In
a study conducted on interspecific hybrid populations
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of pepper, in terms of plant characteristics, 87
genotypes showed upright growth habits, while 11
genotypes showed semi-upright development. In terms
of leaf shape, it was found that 7 genotypes had long
leaves, 51 genotypes had medium leaves and 12
genotypes had short leaves, while in terms of leaf color,
53 genotypes had dark green leaves and the remaining
genotypes had green leaves. As for anthocyanin in the
internode level, while no anthocyanin formation was
observed in 45 genotypes, it was reported that out of
the remaining 43 genotypes, 24 showed moderate, 14
had low and 5 had very low (Pinar & Dilfiruz, 2022).
According to the findings obtained, the gene collection
exhibits a wide variation in terms of plant
characteristics. This variation is very important in the
design of breeding programs.

Upon a general assessment in terms of pomological
characteristics, significant differences among the lines
have been observed. The research findings indicate
that, based on observations of fruit attitude, 2.46% of
the fruits are upright, 8.20% are semi-upright, and
89.34% have drooping of the fruit, especially for plants
with lower leaf density, which is a desired trait as it
makes them more resistant to physiological disorders
such as sunburn (Karaagac, 2006). When examining
the pre-maturity fruit color visually, it was observed
that the colors range from green to dark green among
the lines. 31.15% of the lines have green fruits, while
68.85% consist of dark green fruits. As fruits mature,
a color transformation occurs. In capia pepper, mature
fruit color, which is very important both as a quality
and a harvest parameter, was determined as 4.92%
light red, 27.87% medium red, and 67.21% dark red.
According to the study by Mutlu et al. (2009), the pre-
maturity fruit color in most populations was green
(92.97%), with 7.03% observed as yellow. The mature
fruit color in the populations was reported to be red
(54.59%), dark red (38.92%), and light red (5.41%), and
in 2 populations (1.08%) a brown mature fruit color
was observed.

In our study, when the cross-sectional shape of the
fruits of the lines was evaluated, it was observed that
the majority of 103 lines (84.43%) were triangular,
while 19 lines (15.57%) were ovate. When the fruit tip
shape was analyzed, it was determined that 2.46%
were very depressed, 39.34% were depressed, 56.56%
were peaked and 1.64% were very peaked. In terms of
the number of fruit lobes, 35.25% of the lines had three
lobes, 62.30% had two lobes and 2.45% had no lobes.
Finally, when the stalk tip was analyzed, it was
observed that 3 lines (2.46%) were deep, 7 lines
(58.20%) were slightly deep and 48 lines (39.34%) had
no stalk tip. Karaagac (2006) reported that 60.7% of
the genotypes were ovate-shaped when analyzed in
terms of fruit cross-section. It was stated that the types
with pointed fruit tips are more preferred in the
market and three-lobed fruits are a desirable feature
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for the processing industry. However, it has been
reported that two-lobed capia pepper fruits are
preferred by consumers for roasting. The pomological
traits characterized in our study show variation in
parameters such as fruit color, fruit posture, fruit tip
shape, number of fruit lobes and stem pit at different
rates according to the lines. This variation is thought
to be because the lines were collected from different
locations and from a wide area and foreign pollination,
which is common in pepper. This situation shows that
the gene pool analyzed has a very heterogeneous
structure.

In the study, the lowest seed cavity length was found
to be 1.30 cm in line 122, while the highest was 9.20
cm in line 47 (Table 1). When fruit length and diameter
values were evaluated, the shortest fruit length was 4
cm in line 8, while the longest fruit length was 20.40
cm in line 80. For fruit diameter, the smallest diameter
was 2.10 cm in line 122, while the largest diameter was
6.50 cm in line 79. For flesh thickness, the lowest value
was 2.54 mm in line 46, while the highest value was

6.95 mm in line 79 (Table 1). Consistent with our
results, Mutlu et al. (2009) reported that in pepper,
fruit length ranged from 1.4 to 18.5 cm, fruit diameter
ranged from 0.7 to 7.3 cm, and fruit flesh thickness
varied from 1 to 7 mm among populations. Similarly,
Karaagac (2006) found that in red pepper, fruit length
ranged from 9.1 to 18.5 cm, fruit diameter varied from
4.5 to 6.8 cm, and fruit flesh thickness ranged from 3.3
to 5.8 mm. Panayotov et al. (2000) observed that in
capia-type red peppers, fruit length ranged from 10.2
to 15.9 cm, fruit diameter ranged from 2.1 to 5.7 cm,
and fruit flesh thickness ranged from 2.1 to 5.5 mm.
Genetic relatedness among 122 red capia pepper lines
was determined using phenotypic markers at the end
of the study. Some markers emphasized the
differentiation among pepper genotypes
phenotypically, as they showed more significant
variations that caused significant distinctions. In
conclusion, the importance of phenotypic variation in
future pepper breeding programs was emphasized, and
phenotypic traits were predicted to be useful in the
differentiation of pepper genotypes.

Cizelge 1. S1 kademesindeki secilen biber hatlarina ait kantitatif 6zellikler
Table 1. Quantitative characters of selected pepper lines at S1 level

Characters Maximum Genotype Minimum Genotype Mean
Seed cavity length (cm) 9.20 47 1.30 122 3,38
Fruit width (cm) 6.50 79 2.10 122 4.37
Fruit length (cm) 20.40 80 4.0 8 12.70
Flesh thickness (mm) 6.95 79 2.54 46 4.10

Principal Component Analysis

In the study, PCA was also applied to group the pepper
lines based on morphological and pomological
observations and measured parameters, and to study
the relationship between the parameters obtained.

It is reported that the evaluation of PC axes with
eigenvalues greater than 1 in PCA analysis is a very
reliable indicator (Ozdamar, 2004; Kanal & Balkaya,
2021). Total variance ratios and cumulative variance
values of the axes obtained as a result of the analysis
were determined and interpretations were made
accordingly. In the study, as a result of principal
component analysis, 15 independent principal
component axes were obtained in pepper lines and it
was determined that there were 6 PC axes with
eigenvalues greater than 1. It was determined that the
cumulative variation of PC axes with eigenvalue
greater than 1 represented 66.2% of the selected
pepper lines (Table 2). When the values of the principal
component axis were analyzed, it was found that the
first principal component axis explained 20.2% of the
total variation, the second principal component axis
explained 12.2% of the variation, and the third
principal component axis explained 10.4% of the total
variation. In the study, it is accepted that the weight
coefficient values in the components in terms of the
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criteria examined in the principal component analysis
have significant weight if they are 0.3 and above
(Brown, 1991; Tasg, 2020). In this direction, the traits
with high coefficients of 0.3 and above on the PC-1 axis
were plant attitude (0.326), fruit tip shape (0.334), leaf
shape (0.355), fruit attitude (-0.368), fruit length (-0.
442) and seed cavity length (-0.355), while stalk tip
(0.392), sectional cross-sectional shape (0.473), fruit
width (0.438) and fruit flesh thickness (0.486) were
found to be significant on PC-2 axis (Table 2). The score
plot and loading plot analyses are shown in Figure 1.

The studies conducted by Agyare et al. (2016) and
Bozkalfa et al. (2017) emphasize the importance of
characterizing genetic diversity in Capsicum species
and local pepper genotypes through morphological and
agronomic traits. The findings of Agyare et al. (2016)
demonstrate that morphological traits -effectively
reflect genetic diversity in Capsicum species, with a
genetic variance of 59.61%. The study by Bozkalfa et
al. (2017) reveals that genetic distances among local
pepper genotypes vary between 62% and 94%. These
studies provide significant information for pepper
breeding and the conservation of genetic diversity. The
results of these research efforts show that the pepper
gene pool possesses a high degree of heterogeneity,
indicating the potential for its use in breeding
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programs aimed at improving resistance to diseases
and pests, yield, and certain quality -criteria.
Supporting these breeding efforts with molecular
characterization studies will ensure more effective use
of the results obtained. Additionally, cluster analysis
based on agronomic traits for distinguishing and

identifying plant participation and group participation
based on their similarities increases the possibility of
determining heterotic effects from parents in the
breeding populations and obtaining new superior
genotypes.

Cizelge 2. S1 kademesindeki segilen biber hatlarinda temel bilesen analizine gére faktor gruplari ve bunlara

kargilik gelen TB eksenleri

Table 2. Factor groups and corresponding PC axes after principal component analysis for selected pepper lines at

S1 level
Eigenanalysis of the Correlation Matrix
Eigenvalue 3.029 1.832 1.567 1.264 1.212 1.028
Proportion 0.202 0.122 0.104 0.084 0.081 0.068
Cumulative 0.202 0.324 0.429 0.513 0.594 0.662
Variable

Eigenvalue PC1 PC2 PC3 PC4 PC5 PC6

P.H 0.326 0.101 0.009 -0.012 -0.412 -0.141
L.C 0.033 0.169 -0.261 -0.678 0.083 0.134
L.S 0.355 0.020 0.002 -0.189 -0.283 0.197
A.CI 0.084 0.078 -0.518 0.472 -0.094 0.062
F.A -0.368 0.012 -0.166 0.247 0.197 -0.211
LF.C -0.091 0.108 -0.342 -0.359 0.216 -0.426
M.F.C -0.122 -0.117 0.404 0.003 0.152 -0.395
F.C.S.S 0.146 0.473 0.139 0.018 0.210 -0.228
FT.S 0.334 0.144 -0.278 0.198 -0.090 -0.395
N.F.L 0.101 0.288 0.024 0.093 0.536 0.446
F.S.T 0.197 0.392 0.302 0.191 0.068 0.140
S.C.L -0.355 0.123 -0.268 0.014 -0.238 0.301
F.L -0.442 0.065 0.149 0.015 -0.264 0.075
F.wW -0.188 0.438 0.238 -0.075 -0.394 -0.098
F.F.H -0.248 0.486 -0.129 0.022 -0.031 -0.066

Explanation: Plant grown habit (P.H),Leaf color (L.C), Leaf shape (L.S), Anthocyanin coloration in internode(A.C.I), Fruit
attitude (F.A), Immature fruit color (I.F.C), Mature fruit color (M.F.C), Fruit cross-section shape (F.C.S.S), Fruit tip shape
(F.T.S), Number of fruit loculus(N.F.L), fruit stalk tip (F.S.T), Seed cavity length (S.C.L), Fruit length (F.L), Fruit width (F.W),

Fruit flesh thickness (F.F.T), Fruit flesh hardness (F.F.H).

The outlier plot analysis conducted in our research
data is also extremely important for detecting outliers
containing extreme measurement values. Here, the
calculated Mahalanobis distance is one of the
statistical approaches used for outlier detection.
Mahalanobis distance, which can be interpreted as a
measure of distance, takes into account the covariance
matrix calculated from the data to compute the
distance between two points. Thus, it also considers
the behavior of other points. The unit of the obtained
distance is in terms of standard deviation along the
line passing between two points, which is a value
dependent on the data (Anonymous, 2023). Therefore,
these lines possessing outliers in the gene pool can be
characterized as atypical lines. Here, lines numbered
8, 15, 16, 19, 22, 25, 30, 33, 35, 47, and 122 exceeding
a Mahalanobis distance of 5.141 have been identified
as outliers (Figure 2).

Cluster Analysis

Cluster analysis was applied to the data obtained as a
result of characterization. Using the data obtained
after characterization studies, similarities-differences
and groupings among pepper species, subspecies, or
local varieties can be shown by using cluster analysis
(Diizyaman & Vural, 2002; Rivera Martinez et al.,
2004). It has been reported that cluster analysis is
more reliable when 25% or more of the total variation
can be explained by the first 2 or 3 axes (Mohammadi
& Prassana, 2003). In the dendrogram formed as a
result of cluster analysis according to the correlation
matrix, the lines were defined as 19 groups. If the
dendrogram is examined in general, it can be seen that
it consists of 4 main groups. The first main group
consists of 7 subgroups, the second main group consists
of 3 subgroups, the third main group consists of 3
subgroups and the fourth main group consists of 5
subgroups (Figure 4). The genotypes in the groups
formed as a result of the dendrogram are given in
Table 3.
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Sekil 1: PCA Analizi sonucu olugsturulan score plot ve loading plot analizleri
Figure 1- Score plot and loading plot analyses prepared based on PCA Analysis
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Sekil 3: Calismada tip disi olarak tespit edilen bazi hatlarin bir fotograf kesiti
Figure 3° A photo section of some of the lines identified as non-typical in the study

Cizelge 3: Dendrogram sonucunda olusan gruplardaki genotipler
Table 3° Genotypes in the groups created as a result of the dendrogram

Group Lines Total Lines (pcs)

A 1. subgroup (1, 53, 12, 13, 40, 7, 10, 38, 16, 39, 43, 55), 2. subgroup (11, 120, 23, 54

21, 113, 48, 83, 111), 3. subgroup (76, 77), 4. subgroup (2, 5, 66, 27, 58, 41), 5.

subgroup (3, 45, 44, 61, 32, 65, 25, 28, 57, 56, 26, 52, 121, 59), 6. subgroup (4, 18,

73, 85, 19, 118, 34, 99), 7. subgroup (9, 50, 29, 31).
B 1. subgroup (8, 122), 2. subgroup (15, 30), 3. subgroup (22, 46, 33, 35). 8
C 1. subgroup (6, 94, 97, 98, 103, 17, 51, 42, 108, 96, 109, 24, 36, 105, 65, 119), 2. 25

yan grup (47), 3. subgroup (20, 87, 95, 89, 90, 92), 4. subgroup (80,110).

D  1.subgroup (14, 116, 37, 62, 115, 81, 86, 49, 54, 72, 78, 63, 106, 60, 67, 104, 75, 35

100, 117, 79, 114), 2. subgroup (71), 3. subgroup (64, 88, 102), 4. subgroup (74,
84, 101), 5. subgroup (68, 70, 82, 93, 112, 91, 107).

The general characteristics of the groups are given in
detail below.

Group A: It was determined to be the group in which
the most genetic material was clustered, with 54 lines
among the groups formed as a result of cluster analysis
(Table 3). The majority of lines in this group (44 lines)
belonged to the local population. In this group, which
consisted of seven subgroups, the plant attitude was
erect/semi-erect, the leaf shape was oval, the fruit
attitude was hanging/semi-erect, the fruit tip shape
was pointed/depressed, and the presence of stalk tip
was slightly deep/absent. According to the averages
among the lines; the fruit length (11.96 cm) of the lines
in this group was medium, fruit width (4.25 cm) was
medium, seed cavity length (36.92 mm) was medium
and fruit flesh thickness (4.51 mm) was medium.

Group B: It was identified as the group in which the
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least genetic material was clustered with 8 lines
among the groups formed as a result of cluster analysis
(Table 3). All lines in this group belonged to the local
population and generally consisted of ornamental,
dolma, and mini capia pepper types which are
considered non-typical. In this group consisting of
three side groups, the fruit attitude is upright/semi-
upright, the fruit tip shape is depressed/very depressed
and the fruit cross-sectional shape is square. According
to the averages among the lines; the fruit length (6.91
cm) of the lines in this group was low, the fruit width
(4.15 cm) was medium, the seed cavity length (19.13
mm) was low and the fruit flesh thickness (3.02 mm)
was thin.

Group C: This group consists of a total of 25 lines
(Table 3). Most of the lines in this group (17 lines) are
hybrid variety extensions in the market. In this group,
consisting of four lateral groups, plant attitude was



KSU Tarim ve Doga Derg 27 (6), 1332-1342, 2024 Aragtirma Makalesi
KSU J. Agric Nat 27 (6), 1332-1342, 2024 Research Article

upright, leaf shape was oval, fruit attitude was among the lines; the fruit length (15.64 cm) of the lines
drooping, fruit tip shape was pointed/depressed, the in this group was long, the fruit width (4.35 cm) was
number of fruit lobes was two, and the presence of medium, the seed cavity length (40.06 mm) was high
stalk tip was not detected. According to the averages and the fruit flesh thickness (4.22 mm) was medium.
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Sekil 4: Cluster analizi sonucunda elde edilen dendrogram
Figure 4° The dendrogram obtained as a result of the cluster analysis.
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lines (35 lines) is after group A (Table 3). The majority

Group D: Among the groups formed in the o5 100 UNe X - :
of lines in this group (30 lines) are commercial hybrids.

dendrogram, the group with the highest number of
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In this group, which consists of five subgroups, plant
attitude is upright, leaf shape is oval, fruit attitude is
drooping, fruit tip shape is pointed, fruit cross-
sectional shape is square, and the presence of stem tip
is slightly deep. According to the averages among the
lines; the fruit length (16.29 cm) of the lines in this
group is long, the fruit width (4.70 cm) is large, the
seed cavity length (38.97 mm) is medium and the fruit
flesh thickness (4.64 mm) is thin.

When the cluster analysis results were analyzed based
on genotypes, it was found that in group A, lines 12-13
and 52-121 were very similar to each other, while lines
12-50 and 13-29 were the most distant lines. In group
D, lines 54-72 were very similar to each other, while
lines 54-64 were the most distant lines. These results
will help to eliminate very similar genotypes and save
work and time in breeding studies. In addition, the
most distant genotypes are important in terms of a
high positive heterosis rate as a result of future crosses
between them.

CONCLUSION and RECOMMENDATIONS

Capsicum annuum L. is one of the most important
vegetable crops grown and stands out both for its fresh
consumption and for industrial use, in the world and
Turkey. In conclusion, morphological characterization
and selection of Capia pepper genotypes are vital steps
in crop improvement, genetic diversity conservation,
and ensuring the agricultural sustainability of this
important crop. These processes enable the
development of better-performing varieties,
adaptation to changing environmental conditions, and
the delivery of high-quality produce to meet market
demands and are fundamental for the continued
development and advancement of Capsicum annuum
L. cultivation. This study aimed to characterize the
gene pool created from standard, hybrid expansion,
and local populations using morphological characters.
At the end of the study, it was found that the six PC
axes obtained from the PCA analysis represented
66.2% of the cumulative variation. This value indicates
that this gene collection can help geneticists and
breeders identify populations with desirable traits for
inclusion in pepper breeding programs. In addition,
four main groups were identified in the cluster
analysis. To be used in different breeding studies, if
the important criterion is Capia type pepper with long
fruit and high fruit flesh thickness, the populations in
groups C and D in the dendrogram showing the
similarity coefficients between pepper samples can be
selected. Again, if the criterion sought is plant and
fruit attitude, these groups should be considered. In
addition, if the populations that show a high similarity
to the varieties we use as standard are included in
breeding programs and evaluated, new varieties
suitable for the market can be brought to the market.
As a result of this study, sufficient morphological
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variability was found in the pepper lines. However,
while it is difficult to reveal the difference between the
types by morphological characterization, this
difference can be revealed more easily and precisely by
using molecular technical methods. Therefore, in the
next stage of the study, characterization of the capia-
type red pepper genotypes with these molecular
breeding methods in the purpose-oriented breeding
studies planned to be carried out in the future will
allow more precise decisions to be made in the breeding
studies.
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OZET

Bu ¢alismada, Dogu Akdeniz Bélgesindeki Antakya, Mersin, Adana ve
Antalya illerinde yer alan ileri teknolojik seralarda ihtiya¢ duyulan 1s1
gereksinim degerleri hesaplanmistir. Hesaplamalar, farkli orta
malzemesi ve cesidi ile 1s1 perdesinin farklh sizdirmazlhik 6zelliklerinin
kullanildigi her bir il icin 24 sera tipi i¢in ayri ayri yapilmis ve
karsilagtirmalar: verilmistir. Is1 perdesiz hesaplamalarda optimum 1s1
enerjisi gereksinimi Adana, Mersin, Antalya ve Antakya icin sirasiyla
cam seralarda 79.9 kW h m2al, 80.8 kW h m2al, 104.8 kW h m2al,
117.9 kW h m2 a’l, plastik seralarda ise 78.7 kW h m2al, 81.9 kW h m2
al 105.6 kW h m2al, 116.3 kW h m2aolarak bulunmustur. Is1 perdeli
hesaplamalarda ise optimum 1s1 enerjisi gereksinimi Mersin, Adana,
Antalya ve Antakya i¢in sirasiyla cam seralarda 49.0 kW h m2a’l, 53.0
kW h m2al, 61.4 kW h m2al, 75.9 kW h m?2a‘l, plastik seralarda ise
53.2 kW h m2al, 54.6 kW h m=2al, 66.5 kW hm2al 79.0 kWh m2al
olarak bulunmustur. Hesaplamalar sonucunda optimum 1s1 maliyetini
saglayan sera tipi, cam Ortili seralar i¢in C8, PE ortiilli seralar igin ise
P16 olarak belirlenmigtir. Celik borulu isitma sisteminde borularin
seraya yerlestirilme gekli olarak en 1yl sonug¢ sera tabanina yakin
yerlestirilmesi ile saglanirken, sizdirmazligi iyi 1s1 perdelerinin
kullanilmasi gerektigi belirlenmistir. Sonu¢ olarak, Dogu Akdeniz
Bolgesi ileri teknolojik seralarda optimum 1s1 maliyetinin saglanmasi i¢in
cam seralarda, catida tek kat cam, yan duvarlarda cift kat cam, PE
seralarda ise cat1 da tek kat PE, yan duvarlarda ise cift kat sert PE (32
mm) kullanilmahdir. Celik borulu 1sitma sisteminde borular sera
tabanina yakin yerlestirilmeli ve 1s1 koruma onlemi olarak da 1s1
perdeleri kullanilmalidir.

ABSTRACT

In this study, the heat requirement values needed in advanced
technological greenhouses in the provinces of Antakya, Mersin, Adana
and Antalya in the Eastern Mediterranean Region were calculated.
Calculations were made separately for 24 greenhouse types for each
province where different cover materials and types and different sealing
properties of the thermal curtain were used, and their comparisons were
given. In calculations without thermal curtains, the optimum heat energy
requirement was found to be 79.9 kW h m2al, 80.8 kW h m2al, 104.8
kWhm2al 117.9kWh m2al, 78 7kWhm2al 8.9kWhmZal, 105.6
kW h m2al, 116.3 kW h m2al in glass greenhouses for Adana, Mersin,
Antalya and Antakya, respectively. In thermal curtain calculations, the
optimum heat energy requirement was found to be 49.0 kW h m2a‘1, 53.0
kW h m2al 61.4 kW h m2al, 75.9 kW h m2al for glass greenhouses
and 53.2 kW h m2al, 54.6 kW h m2al 66.5kWhm2al, 79.0 kW h m2
a’l for plastic greenhouses for Mersin, Adana, Antalya, and Antakya,
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respectively. As a result of the calculations, the greenhouse type that
provides the optimum heat cost was determined as C8 for glass-covered
greenhouses and P16 for PE-covered greenhouses. In the steel pipe
heating system, the best result is achieved by placing the pipes in the
greenhouse close to the greenhouse floor, while it has been determined
that heat curtains with good sealing should be used. As a result, in order
to ensure optimum heat cost in advanced technological greenhouses in
the Eastern Mediterranean Region, in glass greenhouses, single layer
glass on the roof, double layer glass on the side walls, and in PE
greenhouses, single layer PE on the roof and double layer hard PE (32
mm) on the side walls should be used. In the steel pipe heating system,
the pipes should be placed close to the greenhouse floor and heat curtains

should be used as a heat protection measure.
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GIRIS

Seralar, bolgenin iklim kosullarina bagli olarak yilin
farkli aylarinda 1sitma, havalandirma, golgeleme,
sogutma gibi iglemlere ihtiya¢ duyarlar. Bitkiler
sicaklik degisimine, geligimleri ile hizli bir sekilde
cevap verirler. Serada yetistirilen bitkiler 10°C — 24°C
sicaklik araligina pozitif olarak artan bir tepki verdigi
bilinmektedir (Nelson, 2002).

Seralarda en fazla tiretilen Grtnler, ¢cogunlukla ytuksek
151 gereksinimi gdésteren sebzelerdir (domates, biber,
hiyar, kavun, yesil fasulye, patlican vb.). Seralarda
uretilen bu durtnler, i1liman iklim bitkileri olup
ortalama 17°C-27°C’ye adapte olmusglardir. Bu trunler
minimum 12°C’nin altinda ve maksimum 32°C’nin
iistiindeki sicaklik degerlerinde strese girerler (Nisen
ve ark., 1988). Don olaymin yasandign diisiik
sicakliklarda geri dénlisii olmayan hasarlar ortaya
cikar.

Gunlik ortalama sicakligin 12°C’nin altina distigu
kogullarda seralarda i1sitma yapilmalidir. Turkiye’de
seraciligin yaygin olarak yapildigi Akdeniz ve Ege
bolgelerinde, giinliik ortalama sicaklik 12°C’nin altina
distiginden seralar Aralik, Ocak ve Subat aylarinda
1sitilmalidir. Verim ve kaliteyi olumlu yénde etkileyen
1sitma, Uretim maliyetini arttirmaktadir. Isitma
giderleri sera yapisina, donanimina ve yore iklimine
bagli olarak igletme giderlerinin % 20-60 arasinda
degismektedir (Baytorun ve ark., 2017).

Soguk iklim bolgelerinde tiretim yapilan seralar, yilin
biuyluk bir bélimiinde isitilmak zorundadir. Isitma
stiresi daha kisa olan 1liman iklim bélgelerinde tiretim
yapilan seralarda 1sitma gereksinimi kis aylarinda
ortaya c¢ikmaktadir. Akdeniz gibi 1iliman iklim
boélgelerinde, 1s1 gereksinimine sadece kig aylarinin
gece saatlerinde ihtiya¢ duyulmaktadir (Baytorun,
2016).

Bolgenin iklim kogullarina gore inga edilen seralarda
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gerekli 1s1 tasarruf onlemlerinin alinmasi, 1sitma
giderlerinden  kaynakli  tretim  maliyetlerinin
diigiirilmesi acisindan énemlidir (Boyaci ve ark.,
2016). Bununla birlikte seralar icin secilen 1sitma
sisteminin dogru olarak projelenmesi, enerji tasarrufu
ve ilk yatirim giderlerinin azaltilmasi agisindan biiyik
bir 6neme sahiptir (Akyiiz ve ark., 2017).

Seralarda cati bolgesinde ¢ift katli 6rtii malzemesinin
kullanilmasi enerji tasarrufu saglarken seraya ulasan
1s1k miktarini azaltabilmekte, ayni zamanda CO2 ve
nem sorunu yaratabilmektedir (Tantau, 2012;
Baytorun, 2016). Seralarda 1s1 kayiplarini minimize
etmek i¢in yapilan yalitim sonucunda, sera i¢indeki
nem yiikselmesi de gbz 6niine alinmalidir. Bu nedenle
sera cat1 bolgesinde, son yillarda yaygin olarak tek
katlh 6rti malzemesi ile gece saatlerinde iyi yalitilmisg
hareketli 181 perdelerinin kullanilmas: 6nerilmektedir
(Baytorun, 2016). Iliman iklim bélgelerinde 1s1tma icin
gerekli olan 1s1 enerjisinin %100’ine ve soguk
bolgelerde %70-75'ine gece saatlerinde ihtiyag
duyuldugundan, sistem 1iyi projelenip malzeme 1iyi
secildiginde 1s1 perdeleri ile oOnemli diizeyde 1s1
tasarrufu saglanabilir (Von Zabeltitz, 1982, Baytorun,
2016). Ayni zamanda don olay riskini azaltmak icin de
1sitma  yapilmayan seralarda 1s1  perdeleri
kullanilabilir (Teitel ve ark., 1996). Is1 perdelerinin
seciminde malzemenin, kiigiikk ylizey alanina sahip
olmasina, kolay monte edilebilmesine ve c¢ekme
gerilmesinin az olmasina dikkat edilmelidir (Meyer,
1982).

Rath (1992) calismalarinda aliiminyum dokusu az olan
1s1 perdesi ile %40, aliminyum dokusu fazla olan 1s1
perdesi ile %50 oraninda tasarruf edilebilecegini
hesaplamigtir. Tek kat enerji perdesi yardimiyla
seralarda %32 enerji tasarrufu saglanabilirken, bu
oranin ¢ift kat perde ile %48'e ve ¢ift kat enerji perdesi
ile %52'ye ¢ikarilabilmektedir. Serada sadece gindiiz
perdelerinin kullanilmasi durumunda gece saatlerinde



KSU Tarim ve Doga Derg 27 (6), 1343-1355, 2024
KSU J. Agric Nat 27 (6), 1343-1355, 2024

Arastirma Makalesi
Research Article

ihtiya¢ duyulan 1s1 enerjisi gereksinimini %25, giindiiz
saatlerinde ise %9 azaltilabildigi belirlenmistir
(Domke, 2011).

Seralarda kullanilan perdelerin 1s1 tasarruf oranlar
perdelerin sizdirmazliklarina bagh olarak
degismektedir (Meyer, 1984; Miiller, 1987). Is1
perdelerinin yan duvar ve sera cepheleriyle birlestigi
yerler sizdirmaz olmalidir. Aksi takdirde 1sinan
havanin yiikselerek bu araliklardan gecip c¢ati orta
malzemesi tarafindan dis ortama taginmasi 1s1
tasarrufunu azaltmaktadir (Cayh ve ark., 2016; Onder
& Baytorun, 2016). Aynm1 zamanda 1s1 perdesi
sizdirmazligi iyi olan seralarda riizgar hizina bagh
olarak ortaya ¢ikan 1s1 kayiplar1 en diisiik diizeydedir
(Schmidt ve ark., 2011).

Seralarda 1s1  gereksinimi  kullanilan 1sitma
sistemlerinin tipi ve sera donanimina bagli olarak
degismektedir (Baytorun ve ark., 2018a; Baytorun ve
ark., 2018b). Is1 gereksinimi hesaplamalari, serada
ortaya cikan gercek sicaklik ve seranin 6zelligine bagh
sicaklik yikselmesi dikkate alinarak saatlik iklim
degerlerine gére yapilmalidir (Baytorun ve ark.,
2018¢c). Is1 gereksinimi hesaplamalarinda dogru
sonuclar elde edebilmek ic¢in iklim verilerinin,
arastirmanin yapildig1 yerden toplanmasi da oldukc¢a
onemlidir (Cayl ve ark., 2018).

Yapilan bu c¢alismada boélge iklim kosgullarinda
kurulacak ve diizenli olarak 1sitilacak ylksek
teknolojik seralarda, farkl 6rtii malzemelerine gore 1s1
enerjisi gereksiniminin hesaplanmasi, 1s1 perdesi gibi
1s1 koruma oOnlemleri ile 1s1 tasarruf oranlarinin
belirlenmesi ve c¢elik borulu 1sitma sisteminde
borularin seraya en uygun yerlesim sgeklinin
belirlenmesi amag¢lanmigtir. Caligmada, seracilik
faaliyetlerinin yogun olarak yapildigi Antalya ili ile
diger illerdeki 181 gereksinim degerleri
karsilastirilarak treticilerin rekabet edebilmeleri i¢in
almas1 gereken onlemler belirlenmigtir. Ayrica gelik
borulu 1sitma sisteminin, serada farkli konumlarda
kullanilmasi durumunun 1s1 enerjisi gereksinimine
etkisi de ortaya konulmustur.

MATERYAL ve METOD
Dogu Akdeniz Bolgesi

Dogu Akdeniz bélgesi, Adana, Antalya, Burdur, Hatay,
Isparta, Mersin, Osmaniye ile Konyanin Beysehir,
Seydigsehir, Bozkir, Taskent, Hadim, Derebucak,
Yalihtiyik ve Ahirhh ilgelerini kapsamaktadir. Bu
calismada ISIGER-SERA (Baytorun ve ark., 2016)
uzman sisteminde verileri olan ve Akdeniz’e dogrudan
kiyis1 bulunan Adana, Antalya, Antakya ve Mersin
illerine ait hesaplamalar yapilmistir.

Sera Ozellikleri

Is1 gereksiniminin hesaplanmasinda son yillarda
modern seralarda kullanilan sera 6l¢ilileri g6z 6niine
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alinmistir. Calismada, uzunlugu 50 m, genigligi 9.6 m,
yan duvar yuksekligi 4.5 m, mahya yuiksekligi 6.5 m
olan 10 adet bloktan olusan taban alani 4800 m?2 olan,
plastik értii malzemeli (yay catil1), cam 6rtii malzemeli
(gotik catil)) olan seralar kullanilmistir. Yapilan
hesaplamalarda, serada sicaklik ylikselmesi 7 °C, 1s1
depolama katsayisi cam Ortili sera igcin 1, plastik

ortili. sera i¢gin ise 0.5 olarak alinmigtir.
Havalandirma sicakligi ise 23°C olarak alinmistir.
Hesaplamalar i¢in farklh 6rtii  malzemelerinin

kullanildig: sera tipleri olusturulmus ve bu sera tipleri
Cizelge 1’de verilmistir.

Is1 Perdesi

Seralarda kullanilan 1s1 perdelerinin dokularinda
bulunan aliminyum malzemenin orani, serada 1s1ma
yoluyla ortaya c¢ikan 1s1 kayiplarinin azaltilmas:
acisindan  buyik bir oOneme sahiptir. Yapilan
calismada enerji tasarruf orani %50 olan 1s1 perdesi
hesaplamalarda esas alinmigtir. Is1 perdelerinin
sagladigir 1s1 tasarrufu perdelerin sizdirmazliklarina
baghidir. Yapilan calismada %50 tasarruf oranina
sahip 1s1 perdesinin sizdirmazligina bagh olarak
hesaplamalarda esas alinan duzeltme faktorleri
Cizelge 2'de verilmistir (Rath 1992).

Isitma Sistemi

Calismada 1sitma sistemi olarak celik borulu isitma
sistemi secilmigtir. Hesaplamada kullanilan isitma
sistemine ait 6zellikler Cizelge 3’de verilmistir.

Is1 Gereksiniminin Hesaplanmas

Saatlik 6l¢tilmis iklim verileri kullanilarak, seranin
ozelliklerine ve serada kullanilan donanima bagh
olarak 1s1 enerjisi gereksinimi, Rath (1992) tarafindan
DIN 4701 standartlar: esas alinarak gelistirilen 1 nolu
esitlik yardima ile hesaplanmisgtir.
Q=X%¢ (((tin —tion, — AtSpn) U Ac. (11— EEEs,,)) . fsi) (1l
Esitlikte;
Q : Seranin yillik 1s1 gereksinimi [Wh]
t;,: Serada istenen sicaklik [°C]
tion - Isitmasiz serada ortaya ¢ikan gercek
sicaklik [°C]
Atg,* Serada depolanan 1siya bagh ortaya ¢ikan
sicaklik yiikselmesi [°C]
U, Is1 gereksinim katsayisi [W m2 K]
Ac* Sera értil yiizey alan1 [m?]
EEgs:Serada kullanilan enerji koruma
onleminin tasarruf oram [-]
n:Yilin saatleri [h]
1 nolu esitlikteki Ats,, glindiiz saatlerinde serada
depolanan enerji dikkate alinarak belirlenir. Atg,nin
belirlenmesinde 2 ve 3 nolu esitlikler kullanilmigtir.

Za (2]

—= % At
max(Zz..365) Spmax

AtSp,pot =
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2 nolu esitlikteki Z;, 3 nolu esitlik yardimi ile elde

edilmigtir;

Zq = tioncindizg_, — Li,oH,Gecey

3]

Z4:Giindiiz gece sicaklik ortalama farki [°C]

Elde edilen verilere gore giin boyu depolanan enerjiye
bagli olarak serada ortaya cikan sicaklik ylikselmesi
(Ats,) asagidaki mantiksal esitlikler yardimi ile
belirlenmistir (Rath 1992).

Cizelge 1. Ortii malzemelerine gore olusturulan sera tipleri
Table 1. Greenhouse types created according to covering materials

Sera Tipi

Ortii Malzemesi

Is1 Perdesi ve Sizdirmazlik

Cata Yan Duvar Durumu
C1 Tek kath cam Tek kath cam Yok
C2 Tek katli cam Tek katli cam Var, Koti
C3 Tek katli cam Tek katli cam Var, Orta
C4 Tek katli cam Tek katli cam Var, Iyi
C5 Tek kath cam Cift katli cam Yok
C6 Tek kath cam Cift katli cam Var, Kot
C7 Tek kath cam Cift katli cam Var, Orta
C8 Tek kath cam Cift katli cam Var, Iyi
P1 Tek kath plastik Tek kath plastik Yok
P2 Tek kath plastik Tek kath plastik Var, Kot
P3 Tek kath plastik Tek kath plastik Var, Orta
P4 Tek kath plastik Tek kath plastik Var, Iyi
P5 Tek kath plastik Cift katl plastik Yok
P6 Tek kath plastik Cift katl plastik Var, Kot
P7 Tek kath plastik Cift katli plastik Var, Orta
P8 Tek kath plastik Cift katli plastik Var, 1yi
P9 Tek kath plastik Cift kath sert plastik (16 mm) Yok
P10 Tek kath plastik Cift kath sert plastik (16 mm) Var, Kotii
P11 Tek kath plastik Cift kath sert plastik (16 mm) Var, Orta
P12 Tek kath plastik Cift kath sert plastik (16 mm) Var, Iyi
P13 Tek kath plastik Cift kath sert plastik (32 mm) Yok
P14 Tek kath plastik Cift kath sert plastik (32 mm) Var, Kotii
P15 Tek kath plastik Cift kath sert plastik (32 mm) Var, Orta
P16 Tek kath plastik Cift kath sert plastik (32 mm) Var, Iyi

Cizelge 2. Is1 perdesinin sizdirmazhklarina bagh diizeltme katsayilar
Table 2. Correction coefficients depending on the sealing of the thermal curtain

Is1 Perdesi Sizdirmazhg

Iyi
Orta
Kotu

Is1 perdesi yok

Diizeltme Katsayis:
6.80
11.05
29.43
0.00

Cizelge 3. Isitma sistemlerine bagl olarak hesaplamalarda kullanilan diizeltme faktorleri
Table 3. Correction factors used in calculations depending on heating systems

Isitma Sistemi

Diizeltme Faktori

Yiiksege yerlestirilmig borulu 1sitma sistemi 1.17
Masa altina yerlestirilmig borulu 1sitma sistemi 1.06
Yan duvarlara yerlestirilmig borulu 1sitma sistemi 1.16
Tabana ve bitki masuralarina yerlestirilmis borulu 1sitma sistemi 0.96
Delikli plastik tiiplii hava 1siticisi 1.00

Atsp por = 25 veqg >0 ise \ ( Atgp pot

ti — tion < Atgppor < 25 ve qs >0 ise Atsppot

0 < Atgppor < t; = tioy <25ve qg >0 ise pAtg, = Atgypor - (ti — tion — 25)
| Atgypor — 25
Degilse ) 0
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1 nolu esitlikte 1sitilmayan serada ortaya cikan
sicaklik degerinin (t;py) belirlenmesi igin, glnes
radyasyonuna bagh serada ulasilan teorik sicaklik
degerinin (¢; ;) hesaplanmas: gereklidir. Serada teorik
sicaklik 4 nolu esitlik ile hesaplanmistir.
- qc*Dg*n*Ag
bER T Y ogr(1-EEgs)+Ac
Esitlikte:
t;n-Isitilmayan ve havalandirilmayan serada
ortaya cikan teorik sicaklik [°C]
q;-Giines radyasyonu [W m2]
D;:Ortii malzemesinin gecirgenlik orani [%]
t,-:Dis sicaklik [°C]
n:Serada enerji dontigsim faktoru
(duyulur/gizli) (Standart =0,7)

Serada ortaya c¢ikan teorik sicaklik ve serada istenen
havalandirma sicakhigina (¢;) bagh olarak, 1 nolu
esitlikteki 1sitilmayan serada i¢ sicaklik degeri (t;,5),
asagidaki  mantiksal  egitlikler yardimi @ ile
Esitlikte;

belirlenmigtir.
t,"Havalandirma sicaklig: [°C]
t;s'Serada arzulanan i¢ sicaklik degeri [°C]

[4]

+t,

tien=t, ve t, =t, ise
Lien <tp ve tig >t ISt n =
Degilse

1)
titn
ta

Serada gercek ic sicaklik degeri (t;) asagidaki
kogullara goére belirlenmisgtir.

ti oH < tiS ise
) , ti —

Degilse
Eger serada gece giindiiz farkli sicaklik degerleri arzu
ediliyorsa bu durumda ic¢ sicaklik degeri (t;) asagidaki
kogullara gore belirlenir.
e > 0 ve t;oy < t;

tis
ti,oH

se t

SGin LSGindiz
qe = 0vetion < tisg., iS€rt; =19 liscece
Degilse Lion
Serada 1s1 glicii ve 181 enerjisi gereksiniminin

belirlenmesinde kullanilan toplam 1s1 iletim katsayisi
(U,), 6rtii malzemesinin ézelligine, sera tipine, 1s1tma,
sulama sistemine, riizgar hizina ve gokylziunun
bulutlu ve acik olmasina baglh olarak degisim
gostermektedir. Yapilan hesaplamalarda toplam 1is1
iletim katsayis1 4 m s rlzgar hizinda tek katli PE
plastik i¢cin 7 W m2 K'!, cam sera i¢in 7.65 W m2 K1
olarak alinmis (Zabeltitz, 1986; Tantau, 1983; Meyer,
1981, 1982) ve hesaplamalarin yapildigi saatteki
riizgar hizina bagli olarak yeniden belirlenmisgtir.

BULGULAR ve TARTISMA

Meteoroloji Genel Midiirliginden elde edilen iklim
degerleri incelendiginde Dogu Akdeniz Bélgesi proje
illerinde hava sicakliginin 7°C’nin altina diismedigi
gorilmektedir. Bu kogullarda calismada kullanilan
tim illerde seralarda Aralik-Subat déneminde sadece
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gece saatlerinde 1sitma, Mart-Nisan-Mayis-Ekim-
Kasim aylarinda sadece havalandirma, Haziran ve
Eylul aylarinda havalandirma ve ginin belirli

saatlerinde sogutma yapilmasi1 gerekmektedir.
Seralarda Temmuz ve Agustos aylarinda ortaya ¢ikan
yiksek sicakliklar nedeniyle tUretim

yapilamamaktadir (Sekil 1).

Modern seralarda 1s1 perdesi ve ¢ift kat 6rtii malzemesi
kullanimai gibi 181 tasarruf énlemleri uygulanmaktadar.
Ancak ginimuzde oOrta alti yetigtiriciligin yaygin
olarak yapildigi Akdeniz bdélgesindeki seralarin %
3inde modern seracihk yapilmaktadir (Baytorun,
2016). Bu durum géz 6niine alindiginda bélgedeki

seralarin cogunlugunda 1sitma yapilmadigr veya
modern olmayan seralarda iretim  yapildigi
anlagilmaktadir.

Seralarda yapilacak fizibilite hesaplamalarinda

maksimum 1s1 gicinin hesaplanmasi yaninda sera
kurulacak yerin iklimine baglhh yillhik 1s1 enerjisi
gereksiniminin bilinmesi bliyiik 6nem arz etmektedir.
Yapilan calismada, Dogu Akdeniz Bolgesi ileri
teknolojik seracilik faaliyetlerinin yapildig1 proje
illerinde saatlik iklim degerleri kullanilarak gece ve
giindiiz farkli sicaklik degerleri i¢in gerekli 1s1 glict ve
yillik 1s1 enerjisi gereksinimi hesaplanarak Cizelge 4’te
verilmistir. Cizelge 4’ten gorilecegi gibi farkh sicaklik
degerlerinde farkli sera tipleri ic¢in hesaplanan
maksimum 1s1  glci  gereksinimleri  degisim
gosterirken, 1s1 perdesinin sizdirmazhk durumuna
gére hesaplanan maksimum 1s1 gici degerlerinde
degisim goézlenmemektedir. Bununla birlikte 1s1
perdesinin kullanilmadigi durumlarda sadece Antalya
ilinde maksimum 1s1 giicii gereksinimi, 1s1 perdesi
kullanilan durumlara goére cam seralarda %0.6, plastik
seralarda %0.3 daha fazla hesaplanmigtir. Hesaplanan
yillik 1s1 enerjisi gereksinimi, en fazla 1s1 perdesinin
kullanilmadig1 durumlarda ortaya ¢ikmigtir.

Cizelge 4’te gelik borulu 1sitma sisteminde borularin
yerlesim durumlar1 incelendiginde, borularin en
uygun yerlesim sgeklinin tabana yakin yerlestirme
oldugu gorilmektedir. Borularin masa altina
yerlestirilmesi  ikinci  sirada, tabana  yakin
yerlestirilmesi ise Uclincii sirada yer almistir. Bu
durumda celik borulu 1sitma sisteminde borularin sera
tabanina yakin yerlestirilmesi, optimum 1sitma
maliyetini saglamaktadir. Seralarda 1sitma
borularinin taban yakin yerlegtirilmesi durumunda 1s1
enerjisi gereksinimi en fazla Antakya ilinde 1s1
perdesinin kullanilmadigi cam ortili sera tipinde
130.8 kW h m?2 atl olarak hesaplanirken, Antalya,
Adana ve Mersin illerinde ise sirasiyla 115.58 kW h m-
2 a1l 89.68 kW h m?2 al, 8898 kW h m?2 a! olarak
hesaplanmigtir. Plastik seralarda ise Antakya,
Antalya, Adana ve Mersin illeri i¢in sirasiyla 135.858
kWhm?2al, 121.758 kW h m2 a'l, 94.258 kWh m2 a
1.92.658 kW h m2 a'! olarak hesaplanmastir.
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Sekil 1. Calismada kullanilan illerin uzun yillik giinliik ortalama sicaklik ve giinliik toplam giines radyasyonu degerlerine
bagli olarak serada alinmasi gereken iklimlendirme 6nlemleri

Figure 1. Climatization measures to be taken in the greenhouse depending on the long-year daily average temperature and
daily total solar radiation values of the provinces used in the study

Table 4. The heat power required for regularly heated greenhouses in the Eastern Mediterranean Region and the heat energy
requirement values needed throughout the production period.

Cizelge 4. Dogu Akdeniz Bolgesinde diizenli olarak 1sitilan seralar i¢in gerekli 1s1 giicii ve tiretim periyodu boyunca ihtiyag
duyulan 1s1 enerjisi gereksinimi degerleri.

Sera Tipi Antalya Mersin Adana Antakya
1 2 1 2 1 2 1 2
Tabana Yakin, Celik Borulu Isitma Sistemleri

C1 100.5 115.5 88.9 89.6 130.8
C2 102.8 79.9 81.7 118.5
C3 99.9 83.2 86.9 65.4 92.8 69.5 1158 99.5
C4 63.5 50.9 57.4 80.5
C5 91.5 104.8 80.8 79.9 117.9
Ce6 94.2 73.2 73.2 107.6
C7 90.6 77.8 8.6 61.1 83.8 63.1 104.8 91.8
C8 61.4 49.0 53.0 75.9
P1 101.8 121.7 94.2 92.6 135.8
P2 109.4 85.4 85.0 124.0
P3 101.4 90.1 88.3 71.1 93.8 73.1 117.4 105.5
P4 70.8 56.8 61.3 87.1
P5 95.2 113.5 88.1 85.6 126.0
P6 102.7 80.3 78.9 115.5
P7 94.1 85.7 82.4 67.7 87.4 68.5 108.9 99.3
P8 68.7 55.2 58.0 83.1
P9 93.8 111.5 86.4 83.9 123.3
P10 99.3 101.0 80.5 78.9 86.1 77.4 106.6 113.3
P11 ) 84.6 66.8 67.3 97.6
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P12 68.2 54.6 57.3 82.0
P13 88.9 105.6 81.9 78.7 116.3
P14 96.1 75.2 72.8 107.2
P15 87.3 81.3 765 64.2 81.1 63.7 100.6 93.1
P16 66.5 53.2 54.6 79.0

Yan Duvar, Celik Borulu Isitma Sistemleri
C1 120.9 138.9 106.9 107.8 157.3
C2 123.6 96.1 98.2 142.4
C3 120.1 100.0 104.5 78.6 111.6 83.6 139.2 119.6
C4 76.3 61.2 69.0 96.8
C5 110.0 126.0 97.1 96.1 141.8
Cé6 113.2 88.0 88.1 129.3
C7 108.9 93.5 94.5 73.5 100.8 75.9 126.0 110.3
C8 73.8 58.9 63.7 91.3
P1 123.1 147.0 113.9 111.9 164.1
P2 132.2 103.2 102.7 149.8
P3 122.5 108.8 106.7 86.0 1134 88.4 1419 127.5
P4 85.5 68.7 74.0 105.2
P5 115.1 137.2 106.4 103.5 152.2
P6 124.1 97.1 95.3 139.6
P7 113.8 103.6 995 81.9 105.7 82.7 131.6 120.0
P8 83.0 66.6 70.1 100.4
P9 113.4 134.8 104.4 101.4 149.0
P10 122.1 95.4 93.5 136.8
P11 111.5 102.3 7.2 80.7 104.0 81.4 128.8 118.0
P12 82.5 66.0 69.2 99.0
P13 107.4 127.6 99.0 95.1 140.6
P14 116.1 90.8 87.9 129.6
P15 105.4 98.2 92.4 77.6 98.0 77.0 121.5 112.5
P16 80.3 64.3 66.0 95.5
Masa Alti, Celik Borulu Isitma Sistemleri
C1 110.7 127.2 97.9 98.7 144.1
C2 113.2 88.0 89.9 130.5
C3 110.0 91.6 99.7 72.0 102.2 76.5 127.5 109.6
C4 69.9 56.0 63.2 88.7
C5 100.7 115.4 88.9 88.0 129.9
Cé6 103.7 80.6 80.7 118.5
C7 99.7 85.6 86.5 67.3 92.3 69.5 1154 101.0
C8 67.6 53.9 58.4 83.6
P1 112.5 134.4 104.1 102.3 150.0
P2 120.8 94.3 93.8 136.9
P3 111.9 99.5 97.5 78.5 103.6 80.7 129.7 116.5
P4 78.1 62.7 67.6 96.2
P5 105.1 125.4 97.3 94.5 139.1
P6 113.4 88.7 87.1 127.6
P7 104.0 94.6 90.9 74.8 965 75.6 120.2 109.7
P8 75.9 60.9 64.1 91.8
P9 103.6 123.1 95.4 92.7 136.2
P10 111.5 87.2 85.4 125.1
P11 101.9 93.5 88.8 73.7 95.0 74.3 7.7 107.8
P12 75.4 60.3 63.2 90.5
P13 98.2 116.6 90.4 86.9 128.4
P14 106.1 83.0 80.4 118.4
P15 96.3 89.8 84.4 70.9 89.5 70.3 111.0 102.8
P16 73.4 58.8 60.3 87.2

1 Maksimum 1s1 giicti gereksinimi ( W m2), 2 Is1 enerjisi gereksinimi (kW h m?Za’l)
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Cizelge 4’te goruldigi gibi en az 1s1 enerjisi
gereksinimi cam 6rtiila seralar igin Mersin ilinde 88.9
kW h m2 a1, plastik ortili seralar i¢in Adana ilinde
92.6 kW h m?2 al olarak hesaplanmigtir. Cam ve
plastik seralarda hesaplanan degerler incelendiginde
Mersin ve Adana illerinin degerleri ¢ok kii¢lik
degisiklikler ile benzerlik goéstermektedir. Mersin
ilinde C1 ile P1 sera tipi i¢in hesaplana 1s1 enerjisi
gereksinim degerine, Adana ilinde C1 ile P1, Antalya
ilinde C3 ile P3 ve Antakya ilinde ise C4 ile P4 sera tipi
kullanilarak saglanabilmektedir. Benzer durumlar
yan duvarlarda kullanilan farkli 6rti malzemeleri ile
151 perdesinin  kullanildigi  durumlarda da

gorilmektedir. Bu durum, 1s1 perdesi gibi 1s1 koruma
onlemleri kullanilarak 1s1 enerjisi gereksinimi igin
ortaya ¢ikan 1s1 maliyeti ile farkli bolgeler i¢in rekabet
edilebilir iirtinler tretilebilir.

Seralarda 1sitma borularinin taban yerlestirilmesi
durumunda 1s1 enerjisi gereksinimi en fazla Antakya
ilinde 1s1 perdesinin kullanilmadigi cam sera tipi igin
130.8 kW h m?2 al (C1), plastik sera tipi icin ise
135.858 kW h m2 a! (P1) degerleri kullanilarak 1s1
perdesinin sizdirmazlik durumlarina gére hesaplanan
tasarruf oranlar1 Cizelge 5'te verilmigtir.

Table 5. Thermal energy requirement and heat curtain sealing savings rates when heating pipes are placed at the

base

Cizelge 5. Isitma borularinin tabana yerlestirilmesi durumunda ortaya ¢ikan 1s1 enerjisi gereksinimi ve 1s1 perdesi

sizdirmazIik tasarruf oranlari

Sera Tipi Antalya Mersin Adana Antakya
1 2 1 2 1 2 1 2

C1 0.0 11.7 0.0 32.0 0.0 31.5 0.0 0.0
C2 11.0 21.4 10.1 38.9 8.9 37.6 9.4 9.4
C3 28.0 36.4 26.5 50.0 22.4 46.9 23.9 23.9
C4 45.0 51.5 42.8 61.1 36.0 56.1 38.4 38.4
C5 9.2 19.9 9.2 38.3 10.8 38.9 9.9 9.9
C6 18.4 28.0 17.7 44.0 18.3 44.0 17.8 17.8
C7 32.7 40.5 31.3 53.3 29.6 51.8 29.9 29.9
C8 46.9 53.1 44.9 62.6 40.9 59.5 42.0 42.0
P1 0.0 10.4 0.0 30.6 0.0 31.8 0.0 0.0
P2 10.1 19.5 9.3 37.1 8.3 37.4 8.7 8.7
P3 26.0 33.7 24.5 47.6 21.1 46.2 22.3 22.3
P4 41.8 47.9 39.7 58.2 33.9 54.9 35.9 35.9
P5 6.7 16.4 6.5 35.2 7.6 37.0 7.3 7.3
P6 15.6 24.4 14.8 40.9 14.9 41.9 15.0 15.0
P7 29.6 36.9 28.1 50.1 26.1 49.6 26.9 26.9
P8 43.5 49.4 41.5 59.4 37.4 57.3 38.8 38.8
P9 8.4 17.9 8.3 36.4 9.4 38.2 9.2 9.2
P10 17.0 25.6 16.2 41.9 16.5 43.0 16.6 16.6
P11 30.5 37.7 29.1 50.8 27.3 50.4 28.1 28.1
P12 43.9 49.8 42.0 59.8 38.2 57.9 39.7 39.7
P13 13.2 22.3 13.1 39.7 15.1 42.1 14.4 14.4
P14 21.0 29.3 20.3 44.7 21.4 46.4 21.1 21.1
P15 33.2 40.2 31.9 52.7 31.3 53.1 31.4 31.4
P16 45.4 51.0 43.5 60.8 41.1 59.8 41.8 41.8

1 Yillik 1s1 giicii tasarruf oranlari (%), 2 Is1 perdesi tasarruf oranlar: ( %)

Cizelge 5 incelendiginde, cam seralar i¢in en uygun kullanilmadigi durumda Antakya ili 1s1 enerjisi

sera tipi C8, plastik seralar i¢in en uygun sera tipi ise gereksinimine gore karsilastirnldiginda, Adana,

P16 olarak belirlenmistir. Bu durumda Dogu Akdeniz
Bolgesi cam seralarda c¢atida tek kat cam, yan
duvarlarda ise ¢ift kat cam plastik seralarda ise ¢atida
tek kat PE, yan duvarlarda ¢ift kath sert PE (32 mm)

ile 1s1 perdesinin “iyi” sizdirmazlhik durumunun

kullanilmasi optimum 1s1 maliyetinin ortaya ¢ikmasini
saglayacaktir.

Cizelge 5te cam seralarda 1s1  perdesinin
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Mersin ve Antalya illeri igin sirasiyla %31.5, %32.0,
%11.7, plastik seralarda ise %31.8, %30.6, %10.4 daha
az 1s1 enerjisi gereksinimine ihtiya¢ duyulmaktadir.

Cizelge 5’te verilen optimum 1s1 maliyetini saglayan 1s1
perdesinin sizdirmazlik durumlarina goére, cam ve
plastik seralar igin ortaya c¢ikan tasarruf oranlar
Cizelge 6’da verilmistir. Is1 perdeleri en fazla 1s1
koruma oranmini Antalya ilinde saglarken diger iller
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sirasiyla  Mersin, Antakya ve Adana olarak seralarda 1s1 enerjisi gereksiniminde %40, plastik
belirlenmisgtir. seralarda ise %35 oraninda tasarruf
Cizelge 6 incelendiginde, 1s1 perdeleri cam seralarda saglanabilmektedir. Bu sonuglar seralarda
daha iyi sonu¢ vermektedir. Isi  perdesi kullanilacak 1s1 perdelerinin sizdirmazlik oranlarinin
sizdirmazliginin ~ “iyi” olmast durumunda cam g6z 6niine alinmasi gerektigini gostermektedir.

Table 6. Heat curtain sealing rates of greenhouse types calculated for optimum heat cost
Cizelge 6. Optimum 1s1 maliyeti i¢cin hesaplanan sera tiplerinin 1s1 perdesi sizdirmazIlik oranlari

Ortii Antalya Mersin Adana Antakya
Malzemesi 1 2 3 1 2 3 1 2 3 1 2 3
Cam 10.2 258 415 9.3 243 394 84 21.0 33.7 8.8 222 356
Plastik 9.0 230 370 82 21.6 350 75 19.0  30.6 78 199 321

1 [s1 perdesi sizdirmazligl kotii, 2 Is1 perdesi sizdirmazligi orta, 3 Is1 perdesi sizdirmazhigi iyi

Caylh (2014), tek kat PE serada, 1s1 perdesinin durumunda yakat depolama kapasitesinin

sizdirmazlik durumuna goére degismekle birlikte % 17 belirlenmesi i¢in aylik 1s1 enerjisi gereksiniminin
oraninda tasarruf saglanabilecegini bildirmigtir. Diger bilinmesi gereklidir. Yapilan calismada optimum 1s1
arastirmacilar ise 1s1 perdesi kullanarak % 20-70 maliyetinin saglandigi ¢elik borulu 1sitma sisteminde
arasinda 181 tasarrufu saglanabilecegini borularin sera tabanina yakin yerlestirilmis seralarin
bildirmislerdir (Arinze ve ark., 1986; Chandra ve farkli donanmimlar igin aylik 1s1 enerjisi gereksinimleri
Albright, 1980; Critten ve Bailey, 2002; Le Quillec ve Cizelge 8de verilmistir.

ark., 2005; Meyer, 1984; Nijskens ve ark., 1984). Hesaplamalarda 1s1 enerjisi gereksinimi olmayan
Sizdirmazlik orani iyi olan 1s1 perdesi kullanilmasi Haziran, Temmuz, Agustos ve Eyliil aylar1 Cizelge 8'de
durumunda Antalya, Mersin, Antakya ve Adana verilmemigtir. Bununla birlikte ¢izelge incelendiginde
illerindeki cam serada sirasiyla % 42, % 39, %36 ve % Nisan, Mayis ve Ekim aylarinda ortaya cikan 1s1
34, plastik serada ise sirasiyla %37, %35, %32 ve %31 enerjisi gereksinimi cok kiiciikk degerler oldugu icin
oraninda 1s1 tasarruf edilebilecegi hesaplanmigtir. Bu ihmal edilebilir. Sonuc olarak Dogu Akdeniz Bélgesi
degerler litgratﬁrdeki degerler ile  benzerlik ileri teknolojik proje seralarinda Ocak, Subat, Mart,
gostermektedir. Kasim ve Aralik aylari olmak iizere bes (5) ay 1s1
Seralarda 1sitma sistemlerinde kullanilacak olan enerjisi gereksinimi ortaya ¢iktigi belirlenmigtir.

kazan kapasitelerinin belirlenmesi i¢in maksimum 1s1
gicu degeri ile maksimum 1s1 giici degerlerine yilin SONUC ve ONERILER
kac¢ saatinde ihtiya¢ duyuldugunun bilinmesi, 1sitma
sistemlerinin kapasite tayinlerinde buylik Oneme
sahiptir. Yapilan c¢alismada optimum 1s1 maliyeti
saglayan cam ortulu C8 ile plastik 6rtuli P16 sera
tiplerinde iyi derecede 1s1 perdesi yalitimina sahip sera
icin hesaplanmig 1s1 guci degerleri ve yilin kag
saatinde bu degerlere ihtiya¢ duyuldugu Cizelge 7’de

Dogu Akdeniz Bolgesinde yer alan ileri teknolojik
seralarda Antalya, Mersin, Adana ve Antakya illerinin
6lctilmiis saatlik degerlerine gére farkl sera tipleri igin
151 enerjisi gereksinimi degerleri farkli gece-giindiz
sicakliklar i¢cin  hesaplanmigtir. Hesaplamalar
sonucunda optimum 1s1 maliyeti, cam seralar i¢in
catida tek kat cam, yan duvarlarda cift kat orta

verilmistir. malzemesi, plastik seralarda ise catida tek kat PE, yan
Cizelge 7'den de goriilecegi gibi Adana ilinde catis1 tek duvarlarda ise cift kat sert PE (32 mm) 6rtii malzemesi
kat PE, yan duvarlan gift kat sert PC ile kaplh serada ile 1s1  perdesi kullamlmasi ile saglandig
(P16) sicaklhigin tiretim periyodu boyunca giindiiz/gece belirlenmistir. Calismada celik borulu 1sitma
21/16°C’de tutulmak istenmesi durumunda sisteminde  borularin  sera  tabanmina  yakin
gereksinim duyulan 1s1 giici 90 W m2 olmaktadir. yerlestirilmesi gerektigi belirlenmigtir.

Ancak bu 1s1 glicline yilin sadece 3 saatinde ihtiyag
duyulmaktadir. Serada 60 W m™2 1s1 giiciine sahip
1sitma sisteminin kurulmasi durumunda yilin sadece
88 saatinde sicaklik istenilen degerlerin altinda
seyredecektir.  Belirtilen nedenle serada 1s1
gereksiniminin %80’ini kargilayacak ana kazan ve
bitkileri dona kars1 koruyacak ikincil bir kazanin
secilerek 1sitma sisteminin planlanmasi1 daha saghklh
olacaktir.

Sonu¢ olarak Dogu Akdeniz Bolgesindeki ileri
teknolojik seralarda ortii malzemesi olarak cam
malzemenin ve sizdirmazligi iyi olan 1s1 perdelerinin
kullanilmasi, eger bolgede plastik ortilii sera tercih
edilecek ise ¢atida tek kat PE, yan duvarlarda ise ¢ift
kat sert PE (32 mm) malzemenin kullanilmas1
onerilmektedir. Ayrica 1sitma sisteminde gelik borular
kullanilacak ise borularin sera tabanina yakin
yerlestirilmesi énerilmektedir.

Sera 1sitma sisteminde fosil enerji kullanilmasi
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Table 7. Heat power requirements of greenhouse types that provide optimum heat costs by province
Cizelge 7. Optimum 1s1 maliyeti saglayan sera tiplerinin illere gore 1s1 giicii gereksinimi tekerriirleri

Is1 Gucu . Antalya Mersin Adana Antakya
Gereksinimi
W m2 Cam Plastik Cam Plastik Cam Plastik Cam Plastik
0 2609 2605 2319 2333 2280 2251 2670 2650
10 2248 2284 1911 1965 1919 1916 2303 2332
20 1760 1865 1466 1568 1520 1539 1924 1989
30 1190 1396 836 1055 1006 1120 1485 1602
40 420 716 256 425 440 589 887 1113
50 177 191 120 110 158 148 376 535
60 132 118 81 78 99 88 246 216
70 98 92 49 38 62 55 179 169
80 57 47 22 18 33 22 151 131
90 24 19 6 5 7 3 114 97
100 5 4 1 74 51
110 33 18
120 7 2

Table 8. Monthly heat energy requirements for different equipment of greenhouses with pipes placed close to the
greenhouse floor in the steel pipe heating system where optimum heat cost is achieved

Cizelge 8. Optimum 1s1 maliyetinin saglandig1 ¢elik borulu 1sitma sisteminde borularin sera tabanina yakin
yerlestirilmis seralarin farkli donanimlar igin aylik 1s1 enerjisi gereksinimleri

Sera Tipi Ocak Subat Mart Nisan Mayis Ekim Kasim Aralik
Antalya Ili
C1 31.2 25.2 17.4 6.4 0.5 0.5 10.6 23.8
C2 27.9 22.4 15.5 5.6 0.3 0.5 9.3 21.3
C3 22.5 18.1 12.6 4.6 0.3 0.4 7.5 17.1
C4 17.2 13.9 9.7 3.6 0.2 0.3 5.6 13.0
C5 28.3 22.8 15.8 5.8 0.4 0.5 9.6 21.6
C6 25.6 20.5 14.2 5.2 0.3 0.4 8.5 19.5
C7 21.1 17.0 11.8 4.3 0.2 0.4 7.0 16.0
C8 16.6 13.4 9.4 3.5 0.2 0.3 5.5 12.6
P1 32.6 26.3 18.3 6.9 0.5 0.6 11.4 25.0
P2 29.4 23.7 16.5 6.2 0.4 0.5 10.1 22.5
P3 24.2 19.5 13.7 5.2 0.3 0.5 8.3 18.5
P4 19.0 15.3 10.8 4.1 0.3 0.4 6.4 14.4
P5 30.4 24.6 17.1 6.5 0.5 0.5 10.6 23.3
P6 27.6 22.2 15.5 5.8 0.4 0.5 9.5 21.2
P7 23.0 18.6 13.0 4.9 0.3 0.4 7.9 17.6
P8 18.4 14.9 10.5 4.0 0.2 0.4 6.3 14.0
P9 29.9 24.1 16.8 6.4 0.5 0.5 10.5 22.9
P10 27.1 21.9 15.3 5.7 0.4 0.5 9.3 20.8
P11 22.7 18.3 12.8 4.8 0.3 0.4 7.8 17.4
P12 18.3 14.8 10.4 4.0 0.2 0.4 6.2 13.9
P13 28.3 22.8 15.9 6.0 0.5 0.5 9.9 21.7
P14 25.8 20.8 14.5 5.5 0.3 0.5 8.9 19.8
P15 21.8 17.6 12.3 4.7 0.3 0.4 7.5 16.7
P16 17.8 14.4 10.1 3.9 0.2 0.3 6.1 13.6
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Mersin Ili
C1 27.3 20.4 12.2 2.2 0.0 0.1 6.6 20.0
C2 24.7 18.4 11.0 1.9 0.0 0.1 5.9 17.9
C3 20.5 15.1 9.1 1.6 0.0 0.1 4.7 14.3
C4 16.2 11.8 7.1 1.3 0.0 0.1 3.5 10.8
C5 24.8 18.5 11.1 2.0 0.0 0.1 6.0 18.2
C6 22.6 16.8 10.1 1.8 0.0 0.1 5.4 16.4
C7 19.1 14.1 8.5 1.5 0.0 0.1 4.4 13.4
C8 15.6 11.3 6.8 1.2 0.0 0.1 3.5 10.5
P1 28.5 21.5 13.0 2.5 0.0 0.1 7.3 21.2
P2 26.0 19.5 11.8 2.2 0.0 0.1 6.6 19.1
P3 21.9 16.3 9.9 1.8 0.0 0.1 5.4 15.6
P4 17.8 13.0 8.0 1.5 0.0 0.1 4.2 12.2
P5 26.7 20.1 12.2 2.3 0.0 0.1 6.9 19.8
P6 24.5 18.3 11.1 2.1 0.0 0.1 6.2 18.0
P7 20.9 15.5 9.4 1.8 0.0 0.1 5.1 14.9
P8 17.3 12.6 7.7 1.4 0.0 0.1 4.1 11.9
P9 26.2 19.7 11.9 2.3 0.0 0.1 6.7 19.4
P10 24.0 18.0 10.9 2.0 0.0 0.1 6.1 17.7
P11 20.6 15.2 9.3 1.7 0.0 0.1 5.1 14.7
P12 17.1 12.5 7.7 1.4 0.0 0.1 4.0 11.8
P13 24.8 18.6 11.3 2.2 0.0 0.1 6.4 18.4
P14 22.9 17.1 10.4 1.9 0.0 0.1 5.8 16.8
P15 19.8 14.6 8.9 1.7 0.0 0.1 4.9 14.2
P16 16.6 12.2 7.5 1.4 0.0 0.1 4.0 11.5
Adana Ili
C1 28.0 19.4 11.2 3.3 0.0 0.1 6.8 20.8
C2 25.6 17.7 10.2 3.0 0.0 0.1 6.1 19.0
C3 21.9 15.0 8.6 2.6 0.0 0.1 5.2 16.1
C4 18.2 12.3 7.1 2.3 0.0 0.1 4.3 13.1
C5 25.0 17.3 10.0 2.9 0.0 0.1 6.0 18.6
C6 23.0 15.8 9.1 2.7 0.0 0.1 5.5 17.0
C7 19.9 13.6 7.8 2.4 0.0 0.1 4.7 14.6
C8 16.8 11.4 6.5 2.1 0.0 0.1 3.9 12.2
P1 28.7 20.0 11.6 3.6 0.0 0.1 7.2 21.5
P2 26.4 18.3 10.7 3.3 0.0 0.1 6.5 19.7
P3 22.9 15.7 9.1 2.9 0.0 0.1 5.6 16.8
P4 19.3 13.1 7.6 2.5 0.0 0.1 4.7 14.0
P5 26.5 18.5 10.8 3.3 0.0 0.1 6.6 19.8
P6 24.5 17.0 9.9 3.1 0.0 0.1 6.0 18.3
P7 21.4 14.7 8.6 2.7 0.0 0.1 5.2 15.8
P8 18.2 12.4 7.2 2.4 0.0 0.1 4.4 13.3
P9 26.0 18.1 10.6 3.2 0.0 0.1 6.5 19.4
P10 24.1 16.7 9.7 3.0 0.0 0.1 5.9 17.9
P11 21.0 14.5 8.4 2.7 0.0 0.1 5.1 15.5
P12 18.0 12.3 7.1 2.3 0.0 0.1 4.3 13.1
P13 24.3 17.0 9.9 3.1 0.0 0.1 6.1 18.2
P14 22.6 15.7 9.2 2.9 0.0 0.1 5.6 16.8
P15 19.9 13.7 8.0 2.5 0.0 0.1 4.9 14.7
P16 17.1 11.7 6.8 2.2 0.0 0.0 4.1 12.5
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C1 40.3 26.8 15.2 3.5 0.2 0.7 13.1 31.1
C2 36.8 24.3 13.7 3.1 0.1 0.6 11.8 28.0
C3 31.7 20.5 11.5 2.6 0.1 0.5 9.6 23.1
C4 26.6 16.6 9.2 2.1 0.1 0.4 7.4 18.1
C5 36.0 24.2 13.8 3.2 0.1 0.7 11.9 28.0
C6 33.1 22.2 12.6 2.9 0.1 0.5 10.8 25.5
C7 28.8 19.0 10.7 2.4 0.1 0.4 9.0 21.3
C8 24.5 15.7 8.8 2.0 0.1 0.4 7.2 17.2
P1 41.0 27.8 16.0 3.9 0.2 0.8 13.9 32.2
P2 37.8 25.4 14.6 3.5 0.1 0.6 12.7 29.2
P3 32.9 21.7 12.4 3.0 0.1 0.6 10.5 24.5
P4 28.0 17.9 10.2 2.4 0.1 0.5 8.4 19.7
P5 37.8 25.8 14.9 3.6 0.2 0.7 13.0 29.8
P6 35.0 23.7 13.7 3.3 0.1 0.6 11.9 27.3
P7 30.7 20.4 11.7 2.8 0.1 0.5 10.0 23.1
P8 26.3 17.1 9.8 2.3 0.1 0.5 8.2 18.9
P9 37.0 25.3 14.6 3.6 0.2 0.7 12.8 29.2
P10 34.2 23.3 13.4 3.2 0.1 0.6 11.7 26.8
P11 30.1 20.1 11.5 2.7 0.1 0.5 9.9 22.7
P12 25.9 16.9 9.6 2.3 0.1 0.4 8.1 18.6
P13 34.7 23.9 13.8 3.4 0.1 0.7 12.1 27.6
P14 32.2 22.1 12.7 3.0 0.1 0.6 11.2 25.4
P15 28.5 19.2 11.0 2.6 0.1 0.5 9.5 21.7
P16 24.7 16.3 9.3 2.2 0.1 0.4 7.9 18.0
Tegekkiir 10.1016/S0021-8634(86)80003-8.

Bu calismanin hazirlanmasinda “Seralarda Isitma Baytorun, A. N. (2016). Seralar, Sera Tipleri,

Sistemlerinin  Modellemesi ve Karar Verme
Asamasinda Bilimsel Verilere Dayali Uzman Sistemin
Geligtirilmesi” adli 1140533 nolu proje ile TUBITAK
tarafindan desteklenerek gelistirilen ISIGER-SERA
yazilimi  kullanilmigtir. Bu olanagi saglayan
TUBITAK a tesekkiir ederiz.

Aragtirmacilarin Katk: Orani Beyan Ozeti

Yazar(lar) makaleye esit oranda katki saglamis
olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazar(lar)1 aralarinda herhangi bir ¢kar
catismasi olmadigini beyan ederler.
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ABSTRACT

In this study, population dynamics of leafhopper (Hemiptera:
Cicadellidae) species in organic cotton-growing areas of Hatay
province were investigated along with their associations with climatic
parameters. Weekly sampling using a sweep net (100 sweep
net/parcel) identified nine species within the Cicadellidae family.
Among these, Asymmetrasca decedens (Paoli) and Empoasca
decipiens (Paoli) displayed high population densities throughout the
entire vegetation period of cotton, while Zyginidia sohrab
(Zatchvakin), Psammotettix striatus (Linnaeus), Orosius orientalis
(Matsumura), Anaceratagallia laevis (Ribaut), and Anaceratagallia
sinuata (Mulsant & Rey) were present in both vegetative and
reproductive phases of cotton, with Z sohrab reaching significant
population levels. Cicadulina bipunctella (Matsumura) and Balclutha
hebe (Kirkaldy) were found only during the reproductive phase, yet
they achieved considerably high populations. Correlation and
regression analyses have shown a moderate to high level of positive
correlation between the population development of five leafhopper
species and various temperature (°C) parameters (r=0.578-0.790,
p<0.05). Additionally, a high level of positive correlation has been
observed between the population development of O. orientalis and
maximum humidity (%) (=0.732, p=0.003), and a middle level of
negative correlation between P. striatus and minimum temperature
(r=0.650, p=0.011). These findings indicate that leafhopper species
exhibit variations in population presence and densities throughout the
cotton vegetation periods, and certain climatic parameters may
influence the population development of leafhoppers. The findings
from this study may assist in developing more cost-effective and
efficient pest management strategies to timely detect and suppress
pest leafhopper species in cotton cultivation areas.
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Hatay Ilindeki Organik Pamuk Tarlalarinda Cicadellidae (Hemiptera) Tiirlerinin Popiilasyon

Dinamikleri ve Iklim Parametreleri ile Iligkilerinin Belirlenmesi

OZET

Bu calismada, Hatay ilinde organik pamuk yetistirilen alanlardaki
yaprakpiresi (Hemiptera: Cicadellidae) tiirlerinin popiilasyon
dinamikleri ve iklim parametreleriyle olan iligkileri arastirilmisgtir.
Atrap ile yapilan haftalik 6rneklemeler (100 atrap/parsel) sonucunda
Cicadellidae familyasina baghh dokuz tir belirlenmis ve bunlar
arasinda Asymmetrasca decedens (Paoli) and Empoasca decipiens
(Paoli)’in popiilasyon yogunlugunun pamugun tiim vejetasyon dénemi
boyunca yiiksek seyrettigi, Zyginidia sohrab (Zatchvakin),
Psammotettix striatus (Linnaeus), Orosius orientalis (Matsumura),
Anaceratagallia laevis (Ribaut) ve Anaceratagallia sinuata (Mulsant
& Rey)'nin pamugun her iki vejetasyon agamasinda varlik gosterdigi
ve Z. sohrabin popiilasyon yogunlugunun énemli seviyelere ulastigi
gorilmistir. Cicadulina bipunctella (Matsumura) ve Balclutha hebe
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(Kirkaldy)nin pamugun yalnizca generatif doéneminde varlhk
gosterdigi ancak onemli olgiide yuksek populasyonlara ulastigi
belirlenmigtir. Korelasyon ve regresyon analizleri, bes yaprakpiresi
tiiriiniin popiilasyon gelisimi ile farkli sicaklik (°C) parametreleri
arasinda orta ya da yuksek diizeyde pozitif korelasyon oldugunu
(r=0.578-0.790, p<0.05), buna ek olarak O. orientalisin popiilasyon
gelisimi ile maksimum nem (%) arasinda yiiksek diizeyde pozitif
korelasyon oldugunu (r=0.732, p=0.003) ve P. striatus ile minimum
sicaklik arasinda orta diizeyde negatif korelasyon oldugunu (r=0.650,

p=0.011) gostermistir. Bu sonuclar yaprakpiresi tiirlerinin,
popllasyon varliklarinin ve yogunluklarinin, pamugun vejetasyon
donemleri igerisinde farklihk gosterdigini ve bazi iklim

parametrelerinin yaprakpirelerinin popililasyon geligimi Uzerinde
etkili olabilecegini gostermigtir. Calismadan elde edilen bulgular,
pamuk yetistirilen alanlarda bulunan zararlh yaprakpiresi tirlerinin
varliklarini zamaninda tespit etmek ve bunlarin popiilasyonlarini
baski altina alabilmek i¢in daha ekonomik ve etkili zararli yonetim

stratejileri gelistirilmesine yardimei olabilir.
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INTRODUCTION

Cotton (Gossypium hirsutum L.), a pivotal member of
the Malvaceae family, is a crucial fiber crop cultivated
in approximately 100 countries across temperate and
tropical regions (Ozyigit & Gozukirmizi, 2009; Datta et
al., 2020; USDA, 2020).

Cotton holds significant economic value, offering wide-
ranging applications, contributing to value creation,
and providing employment opportunities in producer
countries (Majumdar et al., 2019; Rehman et al., 2019).
As a versatile raw material, cotton supports various
sectors: its fibers are essential to the textile industry,
while its seeds are valuable for both oil and feed
industries. Additionally, its byproducts, such as lint,
are used in paper manufacturing (Ozyigit, 2009; Munir
et al., 2020). The oil derived from cottonseed is also
finding increasing use as a feedstock in biodiesel
production, serving as an alternative to petroleum-
based fuels (Sharma et al, 2020; Sundar &
Udayakumar, 2020).

In the 2021/22 season, Tirkiye achieved a significant
standing in the global cotton market, ranking third in
the world for cotton yield per harvested hectare at
1,930 kilograms (kgs/ha). This performance also placed
Turkiye seventh in global cotton production and fourth
in global cotton consumption (ICAC, 2022). The
country produced 1.017.500 tons of fiber cotton in an
area of 5.7 million decares, which was the result of
processing 2.75 million tons of seed cotton in 2022.
Most notably, 85.5% of Tiurkiye's cotton production in
2022 was concentrated in six provinces: Adana
accounted for 40%, Sanliurfa 14%, Diyarbakir 12%,
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Aydin 9%, Hatay 7%, and Izmir 5% (TUIK, 2022).

The Cicadellidae family is the largest within the
Hemiptera order, encompassing over 40 subfamilies
and more than 20,000 described species (Abdollahi et
al., 2015; Demirel & Erbey, 2022; Tanyeri &
Zeybekoglu, 2022). These insects can feed on almost all
vascular plants and are known to cause significant
damage to crops. Most species, commonly referred to
as leafthoppers, subsist on the phloem of plants, which
can lead to both direct and indirect damage (Dietrich,
2013; Bayhan & Olmez Bayhan, 2022). In Hatay
province, species belonging to the Cicadellidae family
are particularly harmful to cotton cultivation areas,
with especially severe effects noted in hairless and
broad-leaved cotton varieties (Delvare, 1996; Ozgiir et
al., 1988 Bayhan & Olmez Bayhan, 2022).
Leafthoppers infest cotton fields from the emergence of
seedlings and continue throughout the vegetation
period. Severe infestations cause mottling on the
leaves, are harmful to the development of seedlings in
the early stages, and result in delayed growth, as well
as reduced quality and quantity of the yield (Room &
Wardhaugh, 1977; Forrester & Wilson, 1988). Studies
and records indicate the presence of 476 Cicadellidae
species in Tirkiye (Demir, 2006a, 2006b, 2006c;
Karavin et al., 2011; Ugur & Bayhan, 2023).

Within the cotton plantations of Turkiye, a complex
consisting of the leathopper species Asymmetrasca
decedens (Paoli) and Empoasca decipiens (Paoli) has
been encountered, with both species inflicting
considerable damage to the crops. Notably, A. decedens
emerges as the dominant species in a variety of
regional contexts (Baspinar, 1994; Gé¢men et al., 1996;
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Efil & Gugli, 2004; Durusoy, 2005; Ugur & Bayhan,
2023). The cotton plant has been reported to be among
the host plants for Orosius orientalis Matsumura), a
species commonly observed in certain cotton-growing
regions within Turkiye, as evidenced by various
studies (Efil & Gicli, 2004; Mart & Sunulu, 2011;
CABI, 2021). Additionally, O. orientalisholds economic
significance in the country due to its role as a vector for
the sesame phyllody phytoplasma disease (Sertkaya et
al., 2007). It has been reported that Psammotettix
striatus (Linnaeus) is a significant pest in Tiirkiye,
affecting major crops such as maize and wheat (Mutlu
et al., 2008), and attains substantial populations in
cotton-growing areas (Mart & Sunulu, 2011).
Additionally, this species has been identified as a
vector for the wheat blue dwarf (WBD) phytoplasma
disease (An et al., 1991). Zyginidia sohrab (Zachvatkin)
has been recognized as a principal pest of maize in
Turkiye, with reports indicating that its population
density has reached serious levels in recent years
(Atmaca et al., 2021). It is known that Cicadulina
bipunctella (Matsumura) is a vector for Maize Stripe
Virus (MSpV) (Kaya & Baspinar, 2019). Considering
the capability of virus-carrying species to migrate long
distances at night (Ossiannilsson, 1978), research on
this family is of considerable significance.

Various studies have been conducted on leathoppers in
cotton production areas in Tiirkiye (Ozgiir et al., 1988;

Baspinar et al., 1996; Gogmen et al., 1996; Efil et al.,
1999; Atakan et al., 2004; Efil & Gigli, 2004; Demirel
& Yildirim, 2008; Atakan, 2009; Mart & Sunulu, 2011;
Diindar et al., 2012; Ugur & Bayhan, 2023), however,
these studies are not sufficient to determine the
presence and densities of leathopper populations at
different developmental stages of cotton. Additionally,
a study elucidating the relationship between the
population dynamics of leathopper species and climatic
parameters has not yet been conducted in Tirkiye.

Therefore, this study aimed to determine the
population dynamics of Cicadellidae species in organic
cotton fields in Hatay province and to investigate the
correlations between their population development
and various climatic parameters.

MATERIAL and METHOD
Study Site

The study focused on an organic cotton field consisting
of six parcels where Gossypium hirsutum L. was
planted with 75 cm inter-row spacing (Table 1). The
field is located in the ‘Demirképri’ district of Hatay
province (36°14'14"N, 36°20'21"E; 92 m elevation). The
cotton variety called 'Lazer' was used for organic cotton
production in the field, and it is a hairless, medium-
tall, early cotton variety (ProGen, 2024). No chemical
insecticide application was performed throughout the
entire vegetation period of the cotton.

Table 1. The size of the parcels belonging to the field where the study was conducted (in daa) and locality

information.
Cizelge 1. Calismanin yiiriitiildiigii tarlaya ait parsellerin biiytikliik (daa) ve lokalite bilgileri
Parcels Size (decares) Coordinates

A 68 36°14'12"N 36°19'59"E

B 127 36°14'14"N 36°20'21"E

C 161 36°14'06"N 36°20'23"E

D 74 36°13'56"N 36°20'25"E

E 131 36°14'03"N 36°20'42"E

F 89 36°14'20"N 36°20'49"E
Sampling Method weekly and carefully labeled with information

Field sampling was conducted weekly in June, July,
August, and September, specifically on the dates 24
June, 1, 7, 15, 22, 29 July, 6, 12, 19, 26 August, 2, and
9 September 2022. Sampling focused on the middle and
lower leaves of the cotton plant, utilizing a 45-cm
diameter sweep net to collect leafhopper samples. The
sweeping process was synchronized with a walking
pace, with each step corresponding to one meter and
one sweeping motion. To prevent the escape of
captured insects, the net was swiftly twisted at a 180°
angle at the end of each arc and at the beginning of the
subsequent step.

Each sweep sample consisted of 100 step-sweeps, and
separate sampling was conducted for each of the six
parcels within the field. Throughout the entire
vegetation period of the cotton, samples were collected
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including the region, parcel, sampling number, date of
collection, collector's name, and the field owner's name.
The collected samples were then transported to the
Entomology laboratory at Hatay Mustafa Kemal
University and stored at -18°C.

Upon retrieval, frozen samples were delicately
separated from soil and vegetation residues using a
fine-tipped brush. These samples were examined
under a stereo microscope and morphologically
separated. However, due to the inability to distinguish
between the species A. decedens and E. decipiens
based on morphological characteristics, these two
species have been considered as a single species
complex. Adult cicadellids were counted among the
examined samples, while nymphs, due to their
extremely low numbers and inability to be identified,
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were not evaluated.

Species codes were assigned to the morphologically
separated adult samples, which were then placedin 1.5
ml Eppendorf tubes containing 70% alcohol. Each tube
was labeled with the species code, date of collection,
and the parcel code from which it was collected. The
tubes were stored at 4 °C until the preparation process.

Identification of Insect Samples

Genital preparations were made using male
individuals of the samples obtained (Kaya & Baspinar,
2019). For the preparation process, the abdomens of
male individuals were dissected and heated to boiling
point in 10% KOH solution. The solution was boiled
and allowed to cool to room temperature (25°C). The
material in the cooled solution was placed in a
coverslip containing glycerol and the genitalia were
separated from the abdomen using a needle under a
stereo microscope. Species identification was made by
examining the genitalia separated from the abdomen
under the same microscope, and the identified samples
were placed in a 1.5 ml Eppendorf tube to be evaluated
in the study and preserved.

Meteorological Data

The weekly meteorological data for climate parameters
were provided by the Hatay Meteorological Directorate
(Anonymous, 2022).

Statistical Analysis

In this study, the statistical analysis involved
calculating the means and standard errors of data
collected from field samples of leathopper species in
2022 using Excel. These data were subsequently
visually presented in conjunction with climate
parameters. To elucidate the relationship between
population development and climate parameters,
Pearson correlation and linear regression analyses
were performed utilizing IBM SPSS Statistics (Version
27) software (SPSS, 2020).

RESULTS and DISCUSSION
The Identified Leafhopper Species

In the study, 9 different species from 3 subfamilies
within the Cicadellidae family have been identified
and are presented in Table 2. Weekly sampling from
these parcels yielded a total count of individual
leafhoppers for each parcel, with species categorized
under their corresponding subfamilies. Notably, the
combined count of A. decedens and FE. decipiens
represented the most significant population within the
Typhlocybinae subfamily, amassing a combined total
of 60,620 individuals across all parcels. This suggests
a robust presence of these species in the sampled area
and potentially indicates their impact on the organic
cotton ecosystem. Zyginidia sohrab, another member of
the Typhlocybinae subfamily, registered the next
highest population with 2,271 individuals collected,
reinforcing its status as a common resident within the
agricultural habitat.

Table 2. Cicadellidae species identified, and total sample numbers obtained from field samplings in Hatay province,

2022

Cizelge 2. Hatay ilinde 2022 yilinda yapilan tarla orneklemelerinde belirlenen Cicadellidae tiirleri ve elde edilen

toplam drnek sayilari

Subfamilies Number of samples collected
. Parcels
Species A C D B F Total
Deltocephalinae
Psammotettix striatus (Linnaeus) 71 39 53 39 39 277
Circulifer haematoceps (Mulsant & Rey) 5 4 6 3 3 25
Orosius orientalis (Matsumura) 29 21 30 34 32 178
Cicadulina bipunctella Matsumura) 181 103 155 108 115 800
Balclutha hebe (Kirkaldy) 62 91 79 76 75 457
Agalliinae
Anaceratagallia laevis (Ribaut) 14 16 20 11 9 83
Anaceratagallia sinuata (Mulsant&Rey) 33 41 43 33 34 227
Typhlocybinae
Asymmetrasca  decedens (Paoli) + 8140 16388 12251 7540 6139 10162 60620
Empoasca decipiens (Paoli)
Zyginidia sohrab (Zatchvakin) 408 478 410 285 290 2271
Species of the Deltocephalinae subfamily also individuals, and P. striatus with 277 individuals,

showcased in notable numbers, with C. bipunctella
amassing the highest count of 800 individuals,
followed by Balclutha hebe (Kirkaldy) with 457

further underscoring the diversity and prevalence of
leafhopper species 1in this particular farming
environment. The counts for Circulifer haematoceps
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(Mulsant & Rey) and O. orientalis were lower in
comparison but still notable with 25 and 178
individuals, respectively. Within the Agalliinae
subfamily, Anaceratagallia sinuata (Mulsant & Rey)
was more abundant than A. Jaevis (Ribaut), with
respective totals of 227 and 83 individuals, pointing to
the varied population distributions among the parcels

Population Dynamics of Leafhoppers

Figure 1 illustrates the weekly seasonal population
dynamics of A. decedens + E. decipiens from June 24th
to September 9th, 2022. Upon examination of the data,
it is evident that the population remained high
throughout the entire vegetation period of cotton. A
continuous increase in population density was
observed starting from June 24th, with the peak for the
vegetative phase being reached on July 22nd, recorded
at 1206.33+188.28. The transition into the
reproductive phase was marked by a decline on July
29th, which was followed promptly by a sharp rise,
reaching the highest population peak of the
reproductive phase on August 6th, recorded at
1268.83+485.77. This was then followed by a
significant drop on August 26th, after which the
population fluctuated and recorded the lowest density
during the reproductive phase at 510.17+81.00.

Six sampled parcels, 2022
Total number: 60,620 A. decedens + E. decipiens
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Figure 1. The weekly seasonal population dynamics of
Asymmetrasca decedens +  Empoasca
decipiens on organic cotton

Sekil 1. Organik pamuk tizerindeki Asymmetrasca
decedens + Empoasca decipiensin haftalik
mevsimsel popiilasyon dinamikleri

Vegetative phase Reproductive phase

Figure 2 illustrates the weekly seasonal population
dynamics of Z. sohrab from June 24th to September
9th, 2022. Upon analysis of the data, it was found that
no individuals of Z. sohrab were detected during the
first two weeks of the cotton plant's vegetative growth

phase.

As the vegetative phase advanced, the

population began to be observed from the third week

(2.00+0.73), and the number of individuals increased

rapidly, reaching a peak during the second week of the
reproductive phase on August 6th (69.67+9.37). This
peak was followed by a sharp decline to the lowest
observed population size in the reproductive phase by
August 19th (25.83+3.22), then the population sharply
increased again the following week (51.83+9.74) and
continued to show a fluctuating and elevated trend in
the subsequent weeks.
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Six sampled parcels, 2022
Total number: 2,271 Z. sohrab
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Figure 2. The weekly seasonal population dynamics of
Zyginidia sohrab on organic cotton
Sekil 2. Organik pamuk lizerindeki Zyginidia
sohrab’in haftalik mevsimsel popiilasyon
dinamikleri
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Figure 3 illustrates the weekly seasonal population
dynamics of C. bipunctella from dJune 24th to
September 9th, 2022. The data review reveals that
during the vegetative phase of the cotton plant, no
leathopper individuals were detected. Population
emergence, however, was first documented in the
reproductive phase beginning from the second week
(August 6th), with an average of 2.50 = 0.67
individuals. Subsequent weeks saw a gradual increase
in population numbers, culminating in a peak at
58.00+9.62 individuals by September 9th.

Figure 4 illustrates the weekly seasonal population
dynamics of B. hebe from June 24th to September 9th,
2022. Analysis of the data reveals that during the
vegetative phase of the cotton plant, no individuals of
this species were detected. With the commencement of
the cotton plant’s reproductive phase on August 6th,
population presence was first recorded (0.50+0.34) and
subsequently, a sharp and sustained increase in
population numbers was observed, culminating in the
peak level on September 9th (27.00+4.36).
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Six sampled parcels, 2022
Total number: 800 C. bipunctella
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Figure 3. The weekly seasonal population dynamics of
Cicadulina bipunctella on organic cotton

Sekil 3. Organik pamuk iizerindeki Cicadulina
bipunctella’nin haftalik mevsimsel
popiilasyon dinamikleri

Six sampled parcels, 2022
Total number: 457 B. hebe
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Figure 4. The weekly seasonal population dynamics of
Balclutha hebe on organic cotton

Sekil 4. Organik pamuk lizerindeki Balclutha hebe’nin
haftalik mevsimsel popiilasyon dinamikleri

Figure 5 illustrates the weekly seasonal population
dynamics of P. striatus from June 24th to September
9th, 2022. Analysis of the data reveals that the
population density exhibited a fluctuating trend
throughout the developmental period of the cotton
plant. Observations of initial individuals commenced
on June 24th during the vegetative phase, with the

population showing a steady increase in the ensuing
weeks and reaching a peak in the vegetative phase
marked by a high of 4.33+0.80 on both July 1st and 7th.
Transitioning into the reproductive phase, the
population underwent a decline, thereafter,
fluctuating significantly during this phase, and
ultimately attaining the highest recorded level on
September 9th at 14.17+2.10.
Six sampled parcels, 2022
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Figure 5. The weekly seasonal population dynamics of
Psammotettix striatus on organic cotton

Sekil 6. Organik pamuk tizerindeki Psammotettix
striatus’un haftalik mevsimsel popiilasyon
dinamiklerr

Figure 6 illustrates the weekly seasonal population
dynamics of O. orientalis from June 24th to September
9th, 2022. Upon examining the data, the population
density is observed to have generally maintained a low
level throughout the cotton plant’s vegetative phase.
The emergence of the first individuals was noted on
July 1st (1.00+0.37), with the peak count during this
phase recorded on July 15th (3.00+0.58), and the phase
concluding with a relatively low population
(1.17+0.31). Although the population levels were low
during the vegetative phase, a significant increase was
evident in the first week of the cotton plant's
reproductive phase (July 29th), with the population
reaching its maximum (9.33+0.92). The population
experienced a sharp decline by August 6th (3.00+0.52),
and in the subsequent weeks, it displayed a higher and
more variable pattern compared to the vegetative
phase.

Figure 7 illustrates the weekly seasonal population
dynamics of C. haematoceps from dJune 24th to
September 9th, 2022. Upon examining the data, it is
observed that the population density remained low
during both cotton plant’s phenological phases, with an
initial presence of individuals on dJune 24th

1361



KSU Tarim ve Doga Derg 27 (6), 1356-1366, 2024
KSU J. Agric Nat 27 (6), 1356-1366, 2024

Arastirma Makalesi
Research Article

(1.33+0.42). No observations were made the following
week. A minor presence re-emerged on dJuly 7th
(0.67+0.21) and increased slightly by dJuly 15th
(1.83+0.33). The population then decreased to zero by
July 22nd. As the cotton plant entered the reproductive
phase, a very modest increase in population was
recorded on July 29th (0.83+0.31). However, from the
beginning of August, the population density dropped to
zero and remained at this level throughout the
reproductive phase.

Six sampled parcels, 2022
Total number: 178 O. orientalis

=== Abundance — = - Av. temp. (°C) A— Av. hum. (%)
18,0 + A

80

L 70
16,0 1 A

14,0 +
X A | 60
12,0 +

- 50

Climate data

8,0 +

N
o

Means of O. orientalis
/600 swepnets (+SE)

60
40+

- 30
20

individuals were present in the first week. Population
density became prominent on July 1st (6.50+0.85),
marking the highest average recorded during the
vegetative phase.
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Figure 7. The weekly seasonal population dynamics of
Circulifer haematoceps on organic cotton
Sekil 7. Organik pamuk lizerindeki Circulifer

Sampling period

| Vegetative phase || Reproductive phase |

Figure 6. The weekly seasonal population dynamics of
Orosius orientalis on organic cotton

Sekil 6. Organik pamuk lizerindeki Orosius
orientalis’in haftalik mevsimsel poplilasyon
dinamikleri

Figure 8 illustrates the weekly seasonal population
dynamics of A. laevisfrom June 24th to September 9th,
2022. Upon examining the data, it is observed that the
population density throughout the monitoring period
exhibited a fluctuating and low trend. In the first week
of the vegetative phase (June 24th), no individuals
were recorded, but the first sightings were noted on
July 1st (1.50+0.43), which stood as the highest
population level during the vegetative phase. In the
subsequent weeks, there was a decrease observed on
July 7th (0.50+0.22), a partial increase on July 15th
(0.67+0.33), and a drop to zero by dJuly 22nd,
concluding the vegetative phase. With the start of the
reproductive phase on dJuly 29th, there was a
significant increase in population density (3.67+0.76),
peaking on August 12th (4.17+0.70). Following this,
the population began to decline, dropping to zero on
September 2nd and 9th.

Figure 9 illustrates the weekly seasonal population
dynamics of A. sinuata from June 24th to September
9th, 2022. The data analysis indicates that no

haematoceps

’In

haftalik

poplilasyon dinamikleri
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Figure 8. The weekly seasonal population dynamics of
Anaceratagallia laevis on organic cotton

Sekil 8. Organik pamuk tizerindeki Anaceratagallia
laevis ‘in haftalikk mevsimsel popiilasyon
dinamikleri
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In the following weeks, the population exhibited
variability, with a decrease on July 7th (4.67+0.72), a
further reduction on July 15th (2.83+0.54), yet nearly
returning to 1initial peak levels on dJuly 22nd
(5.83+1.17). Throughout the vegetative phase, the
population generally remained at higher levels
compared to the subsequent reproductive phase.

As the cotton plant transitioned to the reproductive
phase on dJuly 29th, population levels partially
declined (5.33+1.56) but reached the highest level
within this phase on August 6th (7.50+0.96). The
population began to drop after this peak, with a more
pronounced decrease evident by August 12th
(3.00+0.52), continuing to dwindle in the weeks that
followed, reaching a minimal presence by August 26th

(0.50+0.22), and disappearing completely on
September 2nd and 9th.
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Figure 9. The weekly seasonal population dynamics of
Anaceratagallia sinuata on organic cotton

Sekil 9. Organik pamuk tizerindeki Anaceratagallia
sinuata ‘nin haftalik mevsimsel popiilasyon
dinamikleri

Vegetative phase Reproductive phase

Correlation and Regression Analyses

The statistical analysis summarized in Table 3 reveals
significant correlations between the population growth
of various leafhopper species and climate parameters.
For A. decedens + E. decipiens, moderate positive
correlations with average (r=0.629, p=0.014) and
minimum temperatures (r=0.578, p=0.024) suggest
populations increase with warmer conditions, as
reflected by regression models y=-3695.73+166.97x
and y=-1027.63+78.79x. On the other hand, Z sohrab
shows a strong positive correlation with maximum
temperature (r=0.790, p=0.001), and a moderate
positive correlation with average temperature
(r=0.645, p=0.012), indicating a significant rise in
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numbers during warmer conditions, modeled by y=-
475.90+15.87x and y=353.65-14.17x, respectively.
Population growth for C. bipunctella displays a
moderate correlation with maximum temperature as
well (r=0.594, p=0.021), with the relationship
described by y=-281.51+9.15x. Similarly, B. hebe
exhibits a trend of increasing numbers with rising
maximum temperatures (r=0.608, p=0.018), explained
by y=-141.71+4.63x. P. striatus, however, has a
moderate negative correlation with minimum
temperature (r=-0.650, p=0.011), suggesting cooler
temperatures might favor its growth, as shown by
y=29.67-1.08x. Lastly, O. orientalis demonstrates
moderate positive correlations with maximum
(r=0.637, p=0.013) and average temperatures (r=0.647,
p=0.012), as well as a strong positive correlation with
maximum humidity (r=0.732, p=0.003), with
respective models y=-38.49+1.28x, y=-36.16+1.42x,
and y=-18.90+0.255%, indicating that both warmer and
more humid conditions are conducive to its population
growth. However, no statistically significant
correlation has been identified between the population
growth of C. haematoceps, A. laevis, and A. sinuata
and any climate parameters.

According to the data obtained from the study and the
results of statistical analyses, the population
distributions and densities of various leafthopper
species exhibited variations in accordance with the
vegetation stages of cotton. It was observed that
certain species' population development could be
influenced by different climatic parameters. The
species complex comprising A. decedens + E. decipiens
notably demonstrated the highest prevalence
throughout the entire vegetation period of cotton.
Similarly, Z. sohrab, P. striatus, O. orientalis, A.
laevis, and A. sinuata exhibited presence during both
vegetative and reproductive stages of cotton, with
population developments following a fluctuating
trajectory. Atmaca et al. (2021) reported that the
population of Z sohrab was high during the late
August and September periods in cornfields. Likewise,
in the current study, Z. sohrab was the second most
abundant species and its high population density
during these months could potentially be explained by
the proximity of cornfields to the cotton fields.
Conversely, C. bipunctella and B. hebe populations
were only evident during the reproductive phase, with
both species observing substantial increases and
peaking towards the end of this period (September 9),
whereas C. haematoceps did not exhibit substantial
presence.

Previous studies mentioned that leafhopper population
densities reach their maximum during the boll
formation and maturation stages of cotton (Baloch &
Soomro, 1980; Monsef, 1981; Lodos, 1982; Salem et al.,
1988; Gogmen et al., 1996; Atakan et al., 2004,
Baspinar et al., 1996; Mart & Sunulu, 2011).
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Table 3. Significant correlation coefficient and R? values of Cicadellidae populations with respect to climate parameters
Cizelge 3. Iklim parametreleri ile Cicadellidae popiilasyonlar: arasindaki onemli korelasyon katsayisi ve R? degerleri

Correlation
coefficient (r)

Climate parameters
(°C /%)

P value

F value R”2 Line equation

Asymmetrasca decedens (Paoli) + Empoasca decipiens (Paoli)

Average temperature 0.629> 0.014 6.56 0.396 7=-3695.73+166.97x
Minimum temperature 0.578> 0.024 5.03 0.335 y=-1027.63+78.79x
Zyginidia sohrab (Zatchvakin)

Maximum temperature 0.7902 0.001 16.58 0.624 y=-475.90+15.87x
Average temperature 0.645P 0.012 7.13 0.416 y=353.65-14.17x
Cicadulina bipunctella Matsumura)

Maximum temperature 0.594b 0.021 5.44 0.352 y=-281.51+9.15x
Balclutha hebe (Kirkaldy)

Maximum temperature 0.608P 0.018 5.85 0.369 y=-141.71+4.63x
Psammotettix striatus (Linnaeus)

Minimum temperature -0.650P 0.011 7.30 0.422 7=29.67-1.08x
Orosius orientalis Matsumura)
Maximum temperature 0.637° 0.013 6.83 0.406 y=-38.49+1.28x
Average temperature 0.647° 0.012 7.18 0.418 y=-36.16+1.42x
Maximum humidity 0.7322 0.003 11.55 0.536 y=-18.90+0.255x

aHigh correlation (P<0.05)
bModerate correlation (P<0.05)

In accordance, this study observed that A. decedens +
E. decipiens, Z. sohrab, O. orientalis, A. laevis and A.
sinuata achieved their highest population densities in
the same period. In a study by Kaya and Baspinar
(2019)  conducted within an  agroecosystem
encompassing diverse plant parcels, including cotton,
notable population densities of C. bipunctella using
light trap data was reported, with the highest
populations observed at the end of August and at the
beginning of September. Similarly, in this study, the
population of C. bipunctella reached a peak during
comparable dates, achieving significantly high levels.

Statistical analyses conducted to determine the
relationship between population development and
climatic parameters have shown that, except for C.
haematoceps, A. laevis, and A. sinuata, various
temperature parameters (°C) have a statistically
significant moderate to high positive effect (excluding
P. striatus) on the population development of all other
species (r=0.578-0.790, p<0.05). Unlike the others, it
has also been observed that maximum humidity (%)
may have a high and positive impact on the population
development of O. orientalis, in addition to
temperature (r=0.732, p<0.05). In alignment with
these findings, Trebicki et al. (2010) similarly
documented an increase in the activity of O. orientalis
correlating with rising temperatures. These results
generally suggest that increases in temperature may
promote the population growth of leafhopper species.

CONCLUSION

In this study, the population dynamics of leafhopper
species in organically cultivated cotton fields in Hatay
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province were determined, and the relationship
between the population developments and climatic
parameters was examined. Data obtained from the
study indicate that the presence and densities of
leathopper populations varied within the vegetation
stages of cotton. Furthermore, this study has provided
insights into the potential influence of various climatic
parameters on the population development of
leafhopper species. These findings can assist in timely
detection of pest presence in cotton cultivation areas
and support the development of accurate and more
cost-effective pest management strategies to suppress
harmful leafhopper species.
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ABSTRACT Entomology

In this study, between 2009 and 2021, total of more than thousand

specimens belonging to the genus Paederus Fabricius, 1775, Research Article
Paederidus Mulsant & Rey, 1878 and Uncopaederus Korge, 1969 were

collected in Turkiye. Most of the specimens examined were collected Article History

from the Marmara, Aegean, Central Anatolia, Western and Central Received 1 02.04.2024
Blacksea Regions. The specimens collected in this study were collected Accepted 112.05.2024
with aspirators and light traps. As a result of field studies, a total of

eight species belonging to three genera were recorded. These are Keywords

Paederidus rubrothoracicus (Goeze, 1777); P. ruficollis (Fabricius, Paederus

1777); Paederus balcanicus Koch, 1938, P. fuscipes Curtis, 1826, P, Paederidus

riparius Linnaeus, 1758, P. Iittoralis Gravenhorst, 1802, P. Uncopaederus
mesopotamicus Eppelsheim, 1889 and Uncopaederus signiventris Fauna

(Smetana, 1962). Among these species, P. rubrothoracicus and P. Turkiye

ruficollis from the Marmara and Central Black Sea Regions, P.
fuscipes from the Western Black Sea Region, and P. riparius from the
Marmara Region of Turkey were reported for the first time. The
presence of P. balcanicus in Turkiye has been confirmed. U.
signiventris is endemic and distributed only in the Black Sea Region.
In addition, P. balcanicus and U. signiventris are figured for the first
time.

Turkiye Paederus Fabricius, 1775, Paederidus Mulsant & Rey, 1878 ve Uncopaederus Korge, 1969

(Coleoptera, Staphylinidae, Paederinae) Faunasina Katkilar

OZET Entomoloji

Bu calismada, 2009-2021 yillar1 arasinda Tirkiye'den Paederus

Fabricius, 1775, Paederidus Mulsant & Rey, 1878 ve Uncopaederus Aragtirma Makalesi
Korge, 1969 cinslerine bagh toplam binden fazla 6rnek toplanmigtir.

Incelenen 6rneklerin ¢ogu Marmara, Ege, I¢ Anadolu, Bat1 ve Orta Makale Tarihgesi
Karadeniz Bolgelerinden toplanmigtir. Bu c¢alismada toplanan Gelig Tarihi  :02.04.2024
ornekler aspirator ve 1s1k tuzaklar: ile toplanmastir. Arazi ¢galismalar: Kabul Tarihi :12.05.2024
sonucunda sekiz tur kaydedilmistir. Bunlar Paederidus

rubrothoracicus (Goeze, 1777); P. ruficollis (Fabricius, 1777); Anahtar Kelimeler
Paederus balcanicus Koch, 1938, P. fuscipes Curtis, 1826, P. riparius Paederus

Linnaeus, 1758, P. Iittoralis Gravenhorst, 1802, P. mesopotamicus Paederidus

Eppelsheim, 1889 ve Uncopaederus signiventris (Smetana, 1962) Uncopaederus

tirleridir. Kaydedilen turlerden, P. rubrothoracicus ve P. ruficollis Fauna

Marmara ve Orta Karadeniz; P. fuscipes Bat1 Karadeniz ve P. riparius Turkiye

tiri ise Marmara Boélgelerinden ilk defa bildirilmistir. Ayrica, P.
balcanicus turinin Tirkiye'deki varligi dogrulanmistir. Kaydedilen
turlerden U. signiventris endemik olup yalmizca Karadeniz
Bolgesi'nde dagilim gostermektedir. Ek olarak, P. balcanicus ve U.
signiventris turlerine ait resimler ilk defa verilmigtir.

Ataf Tgin :

Celik, M. & Anlas, S. (2024). Tiirkiye Paederus Fabricius, 1775, Paederidus Mulsant & Rey, 1878 ve

Uncopaederus Korge, 1969 (Coleoptera, Staphylinidae, Paederinae) Faunasma Katkilar. KSU Tarim ve Doga

Derg 27(6), 1367-1375. DOI: 10.18016/ksutarimdoga.vi.1463280.
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INTRODUCTION during many field studies between 2009 and 2021 in

The family Staphylinidae Latreille, 1802 is the species-
rich family within the Coleoptera order, is represented
by 63,657 species (Irmler et al.,, 2018). There are
around 7,000 members of the Paederinae subfamily,
which 1is the fourth largest subfamily of the
Staphylinidae family (Herman, 2001: updated).

The genus Paederus Fabricius, 1775, Paederidus
Mulsant & Rey, 1878 and Uncopaederus Korge, 1969
(Coleoptera: Staphylinidae: Paederinae) are
remarkable with their body colors and they have
agricultural and public health importance. The species
are generally active at night and they can be found in
many habitats, but they can be seen mostly in
agricultural areas, along rivers, streams, lakes and
dams. Their light-oriented behavior allows them to be
observed flying in large numbers around bright and
strong light sources at night. Around 600 Paederus
species are known in the world (Frank, 1988). The
most common and best-known of the Paederus species
is Paederus fuscipes Curtis, 1826. This species is
frequently seen in residential areas and agricultural
regions and is known to be beneficial because it feeds
on some insects (e. g. Corcyra spp. Heliothis spp. Aphis
spp.) that cause significant agricultural damage
(Berglind et al., 1997; Krakerb et al., 2000; Komala et
al., 2003; Nasir et al., 2012).

Species belonging to the genera Paederus, Paederidus,
and possibly Uncopaederus (endemic to the Northern
Anatolia) contain a very potent toxic substance called
"pederin" or its derivatives in their body fluids (Pavan
& Bo, 1953).

According to a recent study by Schiillke & Smetana
(2015), Anlas (2018), Willers (2011, 2018), Assing
(2017, 2020, 2022), the genus Paederus (129 species),
Paederidus (13 species) and Uncopaederus (only one
species) (Staphylinidae, Paederinae) contains 143
species in the Palaearctic region. Eight species of the
genus Paederus (five species), Paederidus (two
species), and Uncopaederus (one species) are known
from Tiirkiye. Uncopaederus signiventris (Smetana,
1962) is an endemic species in Northern Anatolia.

The Turkish fauna of Paederus, Paederidus and
Uncopaederus is more poorly known than some other
genera e.g. Achenium, Medon; Leptobium etc. (Ayan &
Anlas, 2020; Orgel et al., 2021). The aim of this study
is to contribute to the current knowledge of the
Paederus Fabricius, Paederidus Mulsant & Rey, and
Uncopaederus Korge fauna of Tirkiye.

MATERIAL and METHOD
The present paper is based on material obtained
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Turkiye. Most of the specimens examined were
collected from the Marmara, Aegean, Central Anatolia,
Western, and Central Blacksea Regions, with a scope
of three projects (TUBITAK; 112T907, 215Z080, and
1197253) on the diversity and biogeography of the
Paederinae in Tirkiye. The specimens collected in this
study were collected with aspirators and light traps by
the authors and their colleagues. All specimens were
identified by authors.

Specimens were studied with a Stemi 508 microscope
(ZeissGermany). All photographs were taken using a
Zeiss Axiocam 208 digital camera. Photographs were
edited with Helicon Focus v. 8, and CorelDraw
Graphics Suite 2023. All specimens are deposited in
Alagehir Zoological Museum, Manisa, Turkey
(AZMM).

RESULTS

In this study, eight species of the genus Paederus
Fabricius, 1775, Paederidus Mulsant & Rey, 1878 and
Uncopaederus Korge, 1969 belonging to the subfamily
Paederinae are reported from Tiirkiye.

Paederidus (s. str.) rubrothoracicus (Goeze, 1777)

Material: Aksaray: 13, 19, 22.111.2018, Melendiz Caya,
38°12'00"N, 34°19'50"E, 1400 m, leg. Orgel & Yaman.
Ankara® 17, 29, 28.1V.2019, Nallihan, Cendere 2 km
NW, 40°12'26"N, 31°06'08"E, 800 m, leg. Orgel &
Koksal. Balikesir: 13, 29, 10.V1.2018, Erdek, Kapidag
Yarimadasi, Kirazli Manastir1 Yolu, 40°27'36"N,
27°54'17"E, 375 m, leg. Sak, Yagmur & Bulut.
Eskigehir: 29, 12.II1.2018, Sundiken Daglamn,
40°00'57"N, 30°57'14"E, 980 m, leg. Orgel & Yaman.
Kayseri: 24, 16.V.2019, Develi, Yenikdy 7 km SE,
38°03'43"N, 35°43'13"E, 1740 m, leg. Orgel & Koksal.
Kirklareli: 74, 89, 26.IV.2022, Demirkéy, Igneada
Longoz Ormanlarn Milli Parki, Hamam Go6li,
41°49'16"N, 27°57'48"E, 42 m, leg. Kacar & Celik. 87,
129, 26.IV.2022, Demirkdy, Igneada Longoz
Ormanlarn Milli Parki, 41°50'59"N, 27°56'24"E, 1 m,
leg. Kacar & Celik. Mugla: 283, 392, 21.V.2015,
Dalaman, 36°53'37"N, 28°53'37"E, 127 m, leg. Yagmur
& Orgel. Ordu: 53, 79, 13.V1.2020, Aybast1, Uzundere
1 km N, 40°35'36"N, 37°24'56"E, 900 m, leg. Orgel &
Kacar. Tokat: 24, 39, 07.1V.2022, Resadiye, Yesilyurt
2 km NE, 40°23'12"N, 37°12'56"E, 1120 m, leg. Orgel,
Kacar & Celik. Yozgat: 13, 28.VI.2016, Aydincik,
Kugsaray, 40°05'07"N, 35°11'59"E, 1341 m, leg. Orgel
& Yaman.

Distribution in Tirkiye: Afyonkarahisar, Ankara,
Antalya, Artvin, Aydin, Bolu, Denizli, Erzurum,
Eskisehir, Elazig, Izmir, Konya, Manisa, Mugla, Sivas,
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Trabzon, Tunceli, Usak, Van (Anlas, 2009, 2018; Anlasg
(Sz Rose, 2009; Sert et al., 2013; Cift¢i & Hasbenli, 2016;
Ozgen & Orgel, 2021; Dagdemir & Tozlu, 2022).

Remarks: This species is reported for the first time
from the Marmara and Central Black Sea Region and
Aksaray, Balikesir, Kayseri, Kirklareli, Ordu, Tokat
and Yozgat provinces.

Distribution in the world: This species occurs in
Europe and Tiirkiye (Schiilke & Smetana, 2015).

Paederidus (s. str.) ruficollis (Fabricius, 1777)

Material: Ankara: 24, 10.JI1.2018, Mamak,
Kutludiigiin Yaylasi, 39°52’11”N, 33°06’04”E, 1436 m,
leg. Orgel & Yaman. Balikesir: 14, 29, 10.VI.2018,
Erdek, Kapidag Yarimadasi, Kirazli Manastir1 Yolu,
40°2736”N, 27°54’17’E, 375 m, leg. Sak, Yagmur &
Bulut. Ordu: 58, 79, 13.V1.2020, Aybasti, Uzundere 1
km N, 40°35'36”N, 37°24’56”E, 900 m, leg. Orgel &
Kacar. Kiitahya: 14, 299, 28.VI.2014, Domanig,
Ortaca 1 km B, 39°49'55”N, 29°2940”E, 700 m, leg.
Yagmur & Orgel. Yozgat: 28, 07.IV.2018,
Akdagmadeni, Aktas 3 km W, 39°35’31”N, 35°49'23”E,
1475 m, leg. Yagmur & Orgel, Yaman.

Distribution in Tiirkiye: Afyonkarahisar, Agrm,
Ankara, Bolu, Denizli, Erzurum, Izmir, Kastamonu,
Konya, Kiitahya, Manisa, Mugla, Nigde, Sivas (Anlas,
2009, 2018).

Remarks: This species is recorded for the first time
from the Marmara and Central Black Sea Regions of
Turkiye.

Distribution in the world: The species is widely
distributed in Europe, North Africa, Iran, and Turkiye
(Schiilke & Smetana, 2015).

Paederus (s. str.) balcanicus Koch, 1938 (Figure 1A-F)

Material: Bursa: 37, 112, 24.1V.2022, Ulubat Goli,
40°09’15”N, 28°41’42”E, 5 m, leg. Kacar & Celik.

Distribution in Tiirkiye: The species was known in only
one locality from Balikesir (Manyas Lake) province
(Scheerpeltz, 1957; Horion, 1965; Coiffait, 1982).

Remarks: The species is recorded from Bursa (Ulubat
Lake) in this study. The presence of P. balcanicus in
Turkiye has been confirmed.

Distribution in the world: This species is known from
southern and eastern Europe, Iran, and Tirkiye
(Schiilke & Smetana, 2015).

Paederus (Heteropaederus) fuscipes Curtis, 1826

Material: Amasya: 18, 72, 27.IV.2021, Hamamozii,
Yemigen 1 km N, 40°45'50"N, 35°08'11"E, 1300 m, leg.
Anlas, Kacar & Celik. Bartin: 13, 19, 10.VII1.2020,
Ulus, Kerpicli 3 km SW, 41°43'13"N, 32°53'57"E, 580
m, leg. Orgel & Kacar. Canakkale: 47, 79, 19.V.2022,
Yenice, Orencik 3 km S, 39°48'20"N, 27°07'47"E, 300
m, leg. Kacar & Celik. Cankiri: 15, 19, 20.V.2018,

1369

Korgun, Cukuréren 3 km SW 1390 m, 40°38'55"N,
33°22'05"E, leg. Orgel & Yaman. Edirne: 29,
10.IV.2021, Enez, Isitklh 2 km NW, 40°43'38"N,
26°17'45"E, 37 m, leg. Orgel, Kacar & Celik. 19,
28.IV.2022, Enez, Gala Golu Milli Parki, 40°46'16"N,
26°14'04"E, 7 m, leg. Kacar & Celik. Istanbul: 23, 59,
Kurtkoy, Aydos Ormani, leg. Anlas. Kayseri: 138, 12,
08.IV.2018, Tuzla Géli, 39°00'55"N, 35°47'12"E, 1170
m, leg. Yagmur & Orgel, Yaman. Kirklareli: 73, 92,
26.IV.2022, Demirksy, Igneada Longoz Ormanlar
Milli Parki, 41°49'44"N, 27°57'28"E, 1 m, leg. Kacar &
Celik. 1083, 79, 28.VIL.2001, 22.V1.2022, Demirkoy,
Igneada Longoz Ormanlar1 Milli Park:, 41° 50'59"N,
27°56'24"E, 1 m, leg. Kacar & Celik. 98, 149,
28.VIL.2021, 22.VI.2022, Demirkéy, Igneada Longoz
Ormanlar1 Milli Parki, Hamam Go6li, 41°49'16"N, 27
5748"E, 42 m, leg. Kacar & Celik. Konya: 1J,
05.1I1.2018,  Cihanbeyli, Kirkigla, 38°32'10"N,
32°51'05"E, 1025 m, leg. Orgel & Yaman; 19,
02.1I1.2018, Ilgin, Bulcuk, 38°06'52"N, 31°59'03"E,
1436 m, leg. Orgel & Yaman; 23, 79, 01.111.2018, Tlgin,
Ilgin Goli, 38°23'25"N, 31°53'21"E, 1068 m, leg. Orgel
& Yaman. Sivas: 64, 79, 14.IV.2019, Dogansar,
40°08'15"N, 37°29'40"E, 1695 m, leg. Anlas, Orgel &
Koksal. Yozgat: 24, 192, 07.IV.2018, Akdagmadeni,
Aktas 3 km N, 39°34'34"N, 35°48'57"E, 1800 m, leg.
Yagmur & Orgel, Yaman.

Distribution in Tiurkiye: Afyonkarahisar, Adana,
Ankara, Antalya, Artvin, Aydin, Balikesir, Batman,

Denizli, Diyarbakir, Edirne, Erzurum Eskisehir,
Gaziantep, Istanbul, Izmir, Karaman, Kayseri,
Kirikkale, Kirklareli, Kiitahya, Manisa, Mardin,

Mugla, Mus, Nigde, Rize, Siirt, Sivas, Usak, Trabzon,
Van (Anlas 2009, 2018, Anlas & Rose 2009, Sert et al.,
2013; Orgel & Tezcan, 2020; Ozgen & Orgel, 2021;
Kacar & Anlas, 2022; Dasdemir & Tozlu, 2022).

Remarks: This species is recorded for the first time
from the Western Black Sea Region and also Amasya,
Bartin, Canakkale, Edirne, Istanbul, Kirklareli
provinces.

Distribution in the world: This species is very common
and widely distributed in Palaearctic, Australian and
Oriental Regions (Schiilke & Smetana, 2015).

Paederus (Poederomorphus) Iittoralis Gravenhorst,
1802

Material: Aksaray: 13, 12, 22.111.2018, Melendiz Caya,
38°12°00”N, 34°19'50”E, 1400 m, leg. Orgel & Yaman;
18, 19, 22.II1.2018, Ihlara Vadisi, 38°15'12”N,
34°1806”E, 1300 m, leg. Orgel & Yaman. Amasya: 25,
29, 19.VI.2020, Merzifon, Asagibik 2 km
SW,40°49'56"N, 35°19°08”"E, 1550 m, leg. Orgel &
Kacar. Bartin: 168, 199, 07.1V.2021, Ulus, Uluyayla,
41°32'24”N, 32°48'16”E, 1000 m, leg. Orgel, Kacar &
Celik.. 68, 82, 07.1V.2021, Ulus, Alicli, 41°40’58”N,
32°4730”E, 450 m, leg. Orgel, Kacar & Celik. 147,
07.IV.2021, Ulus, Kerpici 4 km SW, 41°42’54”N,
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32°53'36”E, 570 m, leg. Orgel, Kacar & Celik. Bilecik:
104, 129, 03.1V.2021, Bozhdéyiik, Yesilcukurca 3 km S,
39°42'28”N, 29°49'59”E, 1425 m, leg. Orgel, Kacar &
Celik. 18, 03.1V.2021, Bozhoytik, Cihangazi 4 km E,
39°44’'17°N, 29°52'32"E, 1376 m, leg. Orgel, Kacar &
Celik. 18, 11.X1.2021, Ulupmnar, Seléz 3 km SW,
40°0707”°N, 29°54°26”E, 785 m, leg. Kacar & Celik.
Bursa: 14, 20.I11.2021, Gemlik, Siikriye 1 km NW,
40°20°24”N, 29°16’01”E, 570 m, leg. Orgel & Kacar. 17,
19, 16.V1.2017, Bursa, Karacabey, Longoz Ormanlari,
leg. Yagmur. Canakkale: 23, 29, 24.V1.2022, Lapseki,
Cavuskdy 5 km NE, 40°1953”N, 26°50'10”E, 190 m,
leg. Anlas, Kacar & Celik. Cankir1: 13, 12, 27.1X.2017,
Ilgaz Dagi, Gol kenari, 41°00°'09”N, 33°36°32”E, 1835
m, leg. Orgel & Yaman. Edirne: 19, 05.V1.2021, Enez,
Hisarlh 2 km N, 40°42’18”N, 26°13’'01”E, 78 m, leg.
Kacar & Celik. 19, 07.V1.2021, Uzunkdépri, Kavacik,
41°11’14”N, 26°40’58”E, 68 m, leg. Kacar & Celik. 17,
07.V1.2021, Lalapasa, Kugiinli 3 km NW, 41°55’23”N,
26°4726”E, 75 m, leg. Kacar & Celik. Eskigehir: 37,
29, 27.1V.2019, Saricakaya, Beyyayla 2 km W,
40°08'04”N, 30°40’38"E, 1145 m, leg. Orgel & Koksal;
18, 19, 27.I1V.2019, Saricakaya, Beyyayla 2 km W,
40°09°'24”N, 30°42’55"E, 1320 m, leg. Orgel & Koksal;
43, 39, 29.I11.2019, Tepebasi, Sulukaraagac 3 km N,
39°56'04”N, 30°29'28”E, 1140 m, leg. Orgel & Koksal.
Karabiik: 14, 29, 06.1V.2021, Keltepe Kayak Merkezi,
41°30°30”N, 32°27'59”E, 1474 m, leg. Orgel, Kacar &
Celik. 154, 209, 06.1V.2021, Eskipazar, Sallar 1 km
SW, 40°5741”N, 32°45'44”E, 1277 m, leg. Orgel, Kacar
& Celik. 28, 29, 06.IV.2021, Eskipazar, Tomuslar 3
km S, 40°5746”N, 32°3903”E, 1237 m, leg. Orgel,
Kacar & Celik. Karaman: 13, 25.V.2016, Sariveliler,
Goktepe, Sacak Tepe, 36°38'22”N, 32°32’09”E, 1847 m,
leg. Orgel & Yaman. Kayseri: 24, 19, 25.V.2018,
Develi, Yaylacik, 1780 m, 38°03°'49”N, 35°46’22”E, leg.
Orgel & Yaman. Kirklareli: 13, 15.111.2021, Sarpdere
7km NW, 41°52’07”N, 27°30°20”E, 370 m, leg. Anlas &
Kacar. Ordu: 14, 13.V1.2020, Aybast1, Uzundere 1 km
N, 40°35’36”N, 37°24’56”E, 900 m, leg. Orgel & Kacar.
53, 79, 11.V.2022, Akkus 3 km N, 40°46'13"N,
37°01'10”E, 1452 m, leg. Kacar & Celik. Kirgehir: 19,
15.X.2018, Akcakent, Yetkili 2 km W, 39°3818”N,
34°08'56"E, 1220 m, leg. Orgel & Yaman; 18, 39,
27.111.2019, Yagmurluarmutlu 1 km NW, 39°14’30”N,
33°5704’E, 1300 m, leg. Orgel & Koksal; 18, 29,
01.V.2019, Akgakent, Yetikli 5 km NW, 39°40°09”N,
34°08'16"E, 988 m, leg. Orgel & Koksal; 18, 192,
27.111.2019, Kurtbeyliyeniyapan 2 km W, 39°15’34”N,
33°5845”E, 1590 m, leg. Orgel & Koksal. Konya: 24,
69, 25.111.2019, Cihanbeyli, Bsllik Gélii, 38°41°00°N,
32°5852”E, 995 m, leg. Orgel & Koksal. Nevgehir: 13,
29, 25.111.2018, Urgiip, Hodul Dagi, 38°30°43"N,
35°01’30”E, 1950 m, leg. Orgel & Yaman. Sinop: 47,
8%, 02.IV.2011, 07.IV.2011, Nisi Goli, Karakum, leg.
Koc. 1&, 17.V.2014, Sinop Merkez, 41°42’07"N,
35°10”53”E, 745 m, leg. Ko¢. 19, 31.V.2014, Sinop
Merkez, 41°32’36”N, 36°09'24”E, 780 m, leg. Ko¢. 14,
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29, 04.V.2021, Boyabat, Yesilcam 2 km S, 41°40’38”N,
34°49'06”E, 1356 m, leg. Orgel, Kacar & Celik. 13, 12,
02.V.2021, Duragan, Boyalica 3 km SW, 41°30°06”N,
35°10°10”E, 1450 m, leg. Orgel, Kacar & Celik. Sivas:
14, 18IV.2018, Imranl, Yirektasi 2 km S,
39°35’31”N, 38°15’50”E, 1420 m, leg. Anlas & Orgel,
Yaman; 1d&, 16.IV.2018, Koyulhisar, 40°23’54”N,
37°58'03"E, 1930 m, leg. Anlas & Orgel, Yaman.
Tekirdag: 15, 12, 09.IV.2021, Malkara, Karacahalil 4
km SW, 40°4700"N, 26°5502”E, 280 m, leg. Orgel,
Kacar & Celik. 19, 11.IV.2021, Malkara, Karacahalil,
40°48'09”N, 26°56'51”E, 185 m, leg. Orgel, Kacar &
Celik. 28, 39, 12.1V.2021, Sarkoy, Giizelkoy 5 km SE,
40°46'26”N, 27°15'41”E, 658 m, leg. Orgel, Kacar &
Celik. Tokat: 38, 29, 05.I1V.2022, Cevreli 7 km N,
40°14'12°N, 36°52'08”E, 1280 m, leg. Orgel, Kacar &
Celik. 127, 109, 05.IV.2022, Almus, Teknecik 3 km N,
40°14’46”N, 36°49'44”E, 1380 m, leg. Orgel, Kacar &
Celik. 1248, 109, 07.I1V.2022, Resadiye, Kuzbag: 4 km
W, 40°26'19”N, 37°2736”E, 1242 m, leg. Orgel, Kacar
& Celik. 43, 82, 14.V.2022, Resadiye, Yagsiyah 1 km
NE, 40°29'05”N, 37°33’48”E, 1416 m, leg. Kacar &
Celik. Usak: 243, 02.V1.2014, Banaz, Susuz 3 km G,
928 m, 38°38'47"N, 29°43'17”E, leg. Yagmur & Orgel.
Yozgat: 14, 12, 17.1V.2018, Cayiralan, Akdagmadeni
Daglari, 1800m, 39°26’38”N, 35°49’53”E, m, leg.
Yagmur & Orgel, Yaman. Zonguldak: 13, 19,
08.IV.2021, Ayvatlar 2 km SW, 41°1754"N,
31°49'19"E, 364 m, leg. Orgel, Kacar & Celik. 13,
05.IV.2021, Eregli, Cevlik 2 km SW, 41°1447”N,
31°40’45”E, 150 m, leg. Orgel, Kacar & Celik.

Distribution in Tirkiye: Adana, Afyonkarahisar,
Aksaray, Amasya, Ankara, Antalya, Ardahan, Artvin,
Bilecik, Denizli, Edirne, Erzurum, Eskisehir, Izmit,
Kahramanmaras, Karabuk, Kars, Kastamonu,
Kirsehir, Manisa, Mardin, Mersin-Karaman, Sakarya,
Samsun, Sinop, Sanliurfa, Trabzon, Usak, Yozgat
(Anlas, 2009, 2018; Anlas & Rose, 2009; Sert et al.,
2013; Anlas & Orgel, 2016; Ciftci & Hasbenli, 2016;
Altin & Yagmur, 2018; Kacar & Anlag, 2022; Dasdemir
& Tozlu, 2022).

Remarks: This species is recorded for the first time
from Bartin, Canakkale, Kirklareli, Ordu, Tekirdag,
Tokat and Zonguldak provinces.

Distribution in the world: This species is known from
Europe, Algeria, Iran, Cyprus, Tirkiye and western
Siberia (Schiilke & Smetana, 2015; Anlas, 2018).

Paederus (Eopaederus) mesopotamicus Eppelsheim,
1889

Material: Sivas: 87, 59, 18.I1V.2018, Divrigi, Cayozi,
39°35'42"N, 38°10'45"E, 1350 m, leg. Anlag & Orgel,
Yaman; 28, 19, 19.IV.2018, Divrigi, Mursal 5 km W,
Leke Dagi, 39°09'08"N, 37°55'43"E, 2080 m, leg.
Yagmur & Orgel, Yaman; 13, 19, 20.IV.2019, Kangal,
Karacaoren 6 km E, 39°02'17"N, 37°44'32"E, 1460 m,
leg. Anlasg, Orgel & Koksal.
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Figure 1A-F. Paederus balcanicus Koch. A-habitus; B-forebody; C-male sternite VII; D-male sternite VIII; E-
aedeagus, lateral; F-aedeagus, ventral. Scale bars: 1 mm (A-B); 0.2 mm (C-F).

Sekil 1A-F. Paederus balcanicus Koch. A-genel viicut; B-6n viicut; C-erkek sternit VII, D-erkek sternit VIII; E-
aedeagus, yan goriiniis; F-aedeagus, on goriintis. Olgek cubuklarr’ 1 mm (A-B); 0.2 mm (C-F).

1371
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Distribution in Tirkiye: Elaz1g, Erzincan, Diyarbakir,
Giumiishane, Siirt, Sivas and Tunceli (Anlag, 2009,
2018).

Distribution in the world: The species is known from
Iran, Iraq, Syria and Tiirkiye (Schiillke & Smetana,
2015).

Paederus (s. str.) riparius (Linnaeus, 1758)

Material: Aksaray: 1&, 22.II1.2018, Thlara Vadisi,
38°15'12”N, 34°18°06”E, 1300 m, leg. Orgel & Yaman.
Ankara: 15, 29, 26.1X.2017, Kizilcahamam, Aluc¢ Daga,
g6l kenari, 40°30°30”N, 32°34’59”E, 1482 m, leg. Orgel
& Yaman. Kirklareli: 248, 32, 02.X.2009, Demirkéy,
Igneada, Hamam Géli, 41°49'43”N, 27°57317E, leg.
Kunt. 113, 149, 29.IX.2009, 23.V.2010, Demirkdy,
Igneada, Longoz Mert Golii, ca. 41°49'N, 27°57°E, leg.
Kunt. Konya: 743, 999, 28.V.2018, Seydisehir,
Erenler Dag1, 1865 m, 37°36'13”N, 32°05’25”E, leg.
Orgel & Yaman. Samsun: 18, 11.IV.2022, Bafra,
Sahinkaya 8 km E, 41°19°01”N, 35°44’45”E, 1146 m,
leg. Kacar & Celik.

Distribution in Tirkiye: Ankara, Denizli, Izmir,
Konya, Manisa, Ordu (Anlas, 2009, 2018; Sert et al.,
2013).

Remarks: This species is recorded for the first time
from the Marmara Region of Turkey and Kirklareli
and Samsun provinces.

Distribution in the world: This species is widely
distributed in Palaearctic and Nearctic Regions
(Schiilke & Smetana, 2015).

Uncopaederus (s. str.) signiventris (Smetana, 1962)
(Figure 2A-F)

Material: Amasya: 23, 19, 17.VI1.2020, Tasova,
Borabay Goéla 8 km NW, 40°50'17"N, 36°05'46"E, 1620
m, leg. Orgel & Kacar. 48, 29, 17.V1.2020, Tasova,
Borabay Goli 9 km E, 40°49'48"N, 36°04'42"E, 1700 m,
leg. Orgel & Kacar. 14, 18.V1.2020, Merkez, Seyfe 3
km W, 40°49'44"N, 35°55'33"E, 1600 m, leg. Orgel &
Kacar. 43, 49, 24.1V.2021, Tasova, Borabay 9 km SE,
40°49'52"N, 36°04'58"E,1720 m, leg. Anlag, Kacar &
Celik. 14, 24.IV.2021, Tasova, Borabay 8 km SE,
40°50'16"N, 36°05'36"E, 1700 m, leg. Anlas, Kacar &
Celik. 13, 19, 24.1V.2021, Tasova, Borabay 7 km SE,
40°50'52"N, 36°06'33"E, 1382 m, leg. Anlas, Kacar &
Celik. Ankara: 24, 32, 18.V.2018, Kizilcahamam,
Yukaricanli 8 km N, 1650 m, 40°43'43"N, 32°41'15"E,
leg. Orgel & Yaman. Bolu: 1J, 39, 04.VII.2020,
Topardi¢ 4 km E, 40°34'02"N, 31°28'44"E, 1660 m, leg.
Orgel & Kacar. 13, 19, 18.V1.2022, Mudurnu, Feruz 3
km N, 40°36'26"N, 31°20'58"E, 1572 m, leg. Kacar &
Celik. Cankiri: 24, 19.V.2018, Bayramoren, Yazdren 2
km N, 1570 m, 40°57'36"N, 33°06'21"E, leg. Orgel &
Yaman; 48, 39, 21.V.2018, Ilgaz, Ilgaz Daglar1, 1926
m, 41°02'49”N, 33°42'46”E, leg. Orgel & Yaman; 3J,
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39, 21.V.2018, Ilgaz, Ilgaz Daglari, 1750 m,
41°00'37"N, 33°36'14"E, leg. Orgel & Yaman. Corum:
24, 22.V1.2020, Kargi, Tepelice 3 km W, 41°12'41"N,
34°27'30"E, 1870 m, leg. Orgel & Kacar. 1, 03.V.2021,
Kargi, Cihadiye 5 km NE, 41°13'29"N, 34°33'30"E,
1570 m, leg. Orgel, Kacar & Celik. Karabiik: 24, 49,
13.X1.2021, Karaaga¢ 2 km SW, 41°03'16"N,
32°28'16"E, 1405 m, leg. Kacar & Celik. Kastamonu:
18, 129, 24.V1.2020, Taskoéprii, Kayadibi 2 km NE,
41°44'22"N, 34°12'58"E, 1720 m, leg. Orgel & Kacar.
18, 24.V1.2020, Catalzeytin, Mamatlar 5 km S,
41°45'20"N, 34°06'22"E, 1710 m, leg. Orgel & Kacar.
24, 19, 07.V.2021, Daday, Camlibel 5 km NE,
41°22'04"N, 33°15'09"E, 1486 m, leg. Orgel, Kacar &
Celik. 64, 829, 06.V.2021, Kiire, Alinca 2 km S,
41°43'23"N, 33°38'29"E, 1260 m, leg. Orgel, Kacar &
Celik. 94, 129, 05.V.2021, Tasképrii, Kayadibi 3 km
SW, 41°44'50"N, 34°13'16"E, 1530 m, leg. Orgel, Kacar
& Celik. 1J, 13.V1.2022, Daday, Akilcalman 2 km S,
41°24'37"N, 33°21'51"E, 977 m, leg. Kacar & Celik.
Ordu: 13, 29, 08.1V.2022, Kabadiiz, Cambas1 Yaylasi,
40°37'08"N, 37°58'36"E, 1700 m, leg. Orgel, Kacar &
Celik. 18, 129, 14.V.2022, Mesudiye, Mahmudiye 1 km
SE, 40°35'35"N, 37°39'31"E, 1252 m, leg. Kacar &
Celik. 18, 11.V.2022, Akkus, Gedikli 4 km NW,
40°44'11"N, 36°59'07"E, 1280 m, leg. Kacar & Celik.
Sinop: 24, 49, 05.V.2021, Turkeli, Catak 8 km NW,
41°44'53"N, 34°18'42"E, 1720m, leg. Orgel, Kacar &
Celik. 24, 42, 02.V.2021, Duragan, Boyalica 3 km SW,
41°30'06"N, 35°10'10"E, 1450 m, leg. Orgel, Kacar &
Celik. 13, 19, 04.V.2021, Boyabat, Giinpinar 2 km E,
41°39'48"N, 34°44'46"E, 1360 m, leg. Orgel, Kacar &
Celik. Tokat: 138, 12, 12.V1.2020, Basciftlik 3 km N,
40°34'24"N, 37°10'45"E, 1700 m, leg. Orgel & Kacar.

Distribution in Tirkiye: Cankiri, Kastamonu, Rize,
Samsun, Sinop (Smetana, 1962; Anlas, 2009, 2018).

Remarks: This species is recorded for the first time
from Amasya, Bolu, Corum, Karabiik, Ordu and Tokat
provinces.

Distribution in the world: This species is only known
from Turkiye. Endemic.
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Figure 2A-F. Uncopaederus signiventris (Smetana). A-habitus; B-forebody; C-male sternite VII; D-male sternite
VIII; E-aedeagus, lateral; F-aedeagus, ventral. Scale bars: 1 mm (A-B); 0.2 mm (C-F).

Sekil 2A-F. Uncopaederus signiventris (Smetana). A-genel viicut; B-6n viicut, C-erkek sternit VII; D-erkek sternit
VIII; E-aedeagus, yan goriiniis; F-aedeagus, on gortiniis. Olgek ¢ubuklar:: 1 mm (A-B); 0.2 mm (C-F).
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OZET Bitki Koruma

Bu c¢alismada, saghkl turuncggil cesitlerinden izole edilen 48 farklh

antagonist biyolojik miicadele etmeni (BCA) ve bitki gelisimini tegvik Aragtirma Makalesi

eden (PGP) endofit ve epifit bakteri izolatinin turuncgillerde sorun baz

fungal hastalik etmenlerine (Colletotrichum gloeosporioides, Fusarium Makale Tarihgesi

solani, Geotrichum citri-aurantii) kars1 in vitro antagonistik etkinlikleri Gelig Tarihi  :26.03.2024
ve etkinlik mekanizmalarinin belirlenmesi amaglanmigtir. MALDI-TOF Kabul Tarihi :08.05.2024

tanilama c¢alismalar1 sonucunda 33 izolat Gram-pozitif (Bacillus,
Lysinibacillus, Cronobacter, Staphylococcus) 15 izolat ise Gram-negatif

Anahtar Kelimeler

(Acinetobacter, Pseudomonas, Kosakonia, Enterobacter, Herbaspirillum, Antagonist
Klebsiella, Pantoea, Rahnella, Raoultella, Rhizobium, Siccibacter) Biyolojik miicadele
bakteri cinslerine ait tiirler olarak belirlenmistir. Ikili kiiltiir testlerinde Solgunluk,
Bacillus vallismortis YGL73ep, B. thuringiensis YGT22en, B. subtilis Antraknoz,
YGS5en, B. cereus YGK25en ve Pseudomonas chlororapsis YGM82ep Eksi ¢uriuklik

1zolatlar1 G. citri-aurantii, C. gloeosporioides ve F. solan’nin misel
gelisimini %65.5-77.2 oranlarinda engelleyen en etkili antagonist bakteri
izolatlar1 olarak belirlenmigtir. Temsili olarak secilen P. chlororapsis
YGMS82ep, B. vallismortis 73YGep, B. thuringiensis 22YGen ve B.
cererus 25YGen izolatlar1 tarafindan uretilen ugucu organik bilesikler
(VOC’s) fungal etmenlerin in vitro misel gelisimlerini énemli 6lciide
engellemigtir. Test edilen 25 bakteri izolatinin, 20 tanesi siderofor, 24
tanesi amonyak, 19 tanesi protease, 5 tanesi ise hidrojen siyanir
uretiminde pozitif etkinlik géstermistir. Bakteri izolatlarindan 21 tanesi
TAA hormonu tiretmis, 7 izolatin ise fosforu ¢ézebilme yeteneginde oldugu
belirlenmistir. Elde edilen sonuclar, yiiksek diuzeyde antagonist ve PGP
etkinligi gosteren BCA izolatlarinin, turuncggil fungal hastaliklarin
baskilanmasinda biyopreparat, yetistiriciliginde ise biyogilibre olarak
kullanilma potansiyeline sahip oldugunu gostermigtir.

Determination of in vitro Biocontrol Efficacy and Mechanisms of Action of Endophytic and Epiphytic

Bacterial Isolates against Some Citrus Fungal Disease Agents

ABSTRACT

In this study, it was aimed to determine the in vitro antagonistic
activities and mechanisms of activity of 48 different antagonist biological
control agents (BCA) and plant growth promoting (PGP) endophyte and
epiphyte bacterial isolates against some fungal disease agents

Plant Protection
Research Article
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(Colletotrichum gloeosporioides, Fusarium solani, Geotrichum citri- Received 126.03.2024
auranti)) in citrus fruits. As a result of MALDI-TOF identification Accepted 1 08.05.2024
studies, 33 isolates were identified as Gram-positive (Bacillus,

Lysinibacillus, Cronobacter, Staphylococcus) and 15 isolates were Keywords

identified as Gram-negative (Acinetobacter, Pseudomonas, Kosakonia, Antagonist

Enterobacter, Herbaspirillum, Klebsiella, Pantoea, Rahnella, Raoultella, Biological control
Rhizobium, Siccibacter). Bacillus vallismortis YGL73ep, B. thuringiensis Wilt

YGT22en, B. subtilis YGS5en, B. cereus YGK25en and Pseudomonas Antracnose

chlororapsis YGM82ep isolates were found to be the most effective Sour rot

antagonist isolates suppressing mycelial growth of G. citri-aurantii, C.
gloeosporioides and F. solaniby 65.5-77.2% in in vitro dual culture tests.
Volatile organic compounds (VOCs) produced by representative isolates
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P. chlororapsis YGM82ep, B. vallismortis 73YGep, B. thuringiensis
22YGen, and B. cererus 25YGen significantly inhibited 1n vitro mycelial
growth of fungal agents. Of the 25 bacterial isolates tested, 20 isolates
were positive for siderophore, 24 isolates for ammonia, 19 isolates for
protease, and 5 isolates for hydrogen cyanide production. Of the bacterial
isolates tested, 21 isolates produced the hormone IAA and 7 isolates were
found to be capable of solubilizing phosphorus. The results showed that
the BCA isolates with high levels of antagonistic and PGP activities have
the potential to be used as biopreparat for the suppression of citrus fungal
diseases and also as biofertilizer in citrus cultivation.
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GIRIS

Anavatanmi Cin, Giineydogu Asya ve Hindistan olan
turuncggil gunumiizde subtropik iklimlere sahip
neredeyse tim ulkelerde yetigtirilmektedir.
Turuncggiller, diinyada en fazla yetistirilen ve tiikketilen
meyve grubu olup, 9.8 milyon ha alanda 103 milyon
ton uretim gerceklestirilmigtir. Turunggil tiretiminde
ilk siray1 41 milyon tonla Cin almakta olup, bu tlkeyi
18 milyon tonla Brezilya ve 15 milyon ton ile Kuzey
Amerika izlemektedir. Tirkiye, 5 milyon ton ile

turuncgil tretiminde yedinci sirada yer almaktadir
(FAO, 2021).

Turuncggiller yetistirme siiresince oldugu kadar
depolanma kosullar1 sirasinda da birgok toprak ve
hava kokenli fungal hastaliklar tarafindan etkilenir.
Diinyada ve Turkiye'nin énde gelen turunggil tiretim
bolgelerinde sikca goriilen fungal hastaliklar arasinda
antraknoz (Colletotrichum spp) (Guarnaccia ve ark.,
2017; Uysal ve ark., 2022.), Fusarium solgunlugu ve
kok clirtikligi (Fusarium spp.) (Kurt ve ark., 2020),
turuncgil meyvelerinde kahverengi ¢uriklik ve gévde
zamklanmas1 (Phytophthora citrophthora) (Kurbetli
ve ark., 2016), uckurutan (Plenodomus tracheiphilus)
(Krasnov ve ark., 2023), Alternaria kahverengi leke
hastaligi (Alternaria citr) (Giiney ve ark., 2023)
bulunmaktadir. Bahge kogullarinda ortaya g¢ikan
hastaliklarin yani sira, depolama siirecinde de eksi
ciriiklik (Geotrichum citri-aurantin, yesil kif
(Penicillium digitatum) ve mavi kif (Penicillium
italicum) hastaliklar1 turuncgil iiretiminde onemli
ekonomik kayiplara neden olan diger Onemli
hastaliklardir (Uysal & Kurt, 2019;).

Colletotrichum tirleri genellikle antraknoz
hastaligina neden olur ve fungus alemi icinde
Ascomycota subesine, Sordariomycetes sinifina,
Phyllachorales  takimina  ve  Phyllachoraceae
familyasina aittir (Shivas ve ark., 2016). Antraknoz
hastaligi, turunggillerin siirgiinlerinde geriye dogru
kuruma, yapraklarda lekeler, erken dénemde yaprak
ve meyve dokiilmeleri gibi belirtilerle kendini gésterir.
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Hastalik belirtileri, bitkilerin tim vegetatif ve
generatif organlarinda goriilebilir (Wang ve ark.,
2021).

Son yillarda Tirkiyenin turunggil tiretiminin yapildigi
alanlarda Fusarium solanrnin siklikla goéralmeye
baglamasiyla birlikte bu bolgelerdeki agaglarda farklh
kok curiklikleri ve solgunluk belirtileri ortaya
¢ikmigtir. Yeni tesis edilen bahgelerde ve yetigkin
agaclardan olusan bahcgelerde yogun kurumalara ve
solgunluklara rastlanmakta, ileri duzeyde bu tir
hastaliklardan  dolayr agaclarin  sokimu  ile
sonuclanan kayiplar ortaya cikmaktadir (Kurt ve ark.,
2020). Fungal hastalik etmeni, solgunluk, sararma,
nekrozlasma ve yapraklarin dokamu ile birlikte
enfekteli agaclarin hizla 6liimiine neden olur (Leslie &
Summerell, 2006; Yaseen & D’Onghia, 2012; Al-Sadi
ve ark., 2014; Bueno ve ark., 2014).

Geotrichum citri-aurantiinin yol agtig1 eksi ¢uriklik
hastaligi, bol yagisli mevsimlerde meyve tirtinlerinde
buyiik verim kayiplarina sebep olabilir. Bu hastalik,
olgunlasmis veya asir1 olgunlasmis meyvelerde, yesil
ve olgunlasmamigslara kiyasla daha fazla etki
gosterebilir. Ozellikle nemli iklimlerde uzun siiren
dénemlerde ve depolama siiresi uzun olan meyvelerde
bu hastalik ciddi sorunlara yol acabilir (Kara & Soylu,
2020; Soylu ve ark., 2022).

Toprak kokenli patojenlere karg: bazi fungusitlerin ya
tamamen etkisiz ya da yetersiz kaldig1 goérilmektedir
(Kara ve ark., 2024). Baz1 patojenlere karsida hic
ruhsatl fungusit bulunmamaktadir. Bu sebeple bilim
diinyas1 son yillarda biyolojik miicadele etmenlerinin
devreye girmesini hedeflemeleri nedeniyle mevcut
konu lizerine kurgulanmig ¢alismalara yogunlagmigtir
(Soliman & Badeaa, 2002; Kara ve ark., 2020; Kara &
Soylu, 2022; Soylu ve ark., 2022).

Bitkilerde sorun olan fungal ve bakteriyel kokenli
hastaliklarla  kimyasal  miicadeleye  alternatif
yollardan biri ise saghikli bitki veya yetistidikleri
topraklardan izole edilen antagonist ve bitki geligsimini
tesvik eden (Plant Growth Promoting Bacteria, PGPB)
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bakteriyel biyokontrol etmenlerinin kullanildig:
biyolojik miticadeledir. Son yillarda, hastaliklarla
biyolojik miicadele kapsaminda PGPR, epifitik
bakteriler ve endofit bakterilerin  kullanimi
artmaktadir. Daha o6nce yapilan c¢alismalarda,
Agrobacterium, Bacillus, Burkholderia,
Chryseobacterium,  Clavibacter,  Curtobacterium,
FEnterobacter, Micrococcus, Paenibacillus,
Phyllobacterium, Pseudomonas, Serratia  ve

Stenotrophomonas gibi cesitli bakteriyel cinslere ait
endofit ve epifit karakterli antagonistik bakteri tiirleri
farkli kultir bitkileri ve yabani bitkilerden izole
edilerek biyolojik miicadele ve bitki geligimini tesvik
etme amach calismalarda incelenmistir (Tekiner ve
ark., 2019; Sturz ve ark., 2000; Duman & Soylu, 2019;
Aktan & Soylu, 2020; Soylu ve ark, 2020).

Yapilan bu c¢alismada, farkli turuncgil tirlerine ait
saglikll agaclarin farkli kissmlarindan (1) endofit ve
epifit bakteri izolatlarin izolasyonu, tamilanmasi; (1)
turuncgillerde  sorun  olan  fungal  hastalik
etmenlerinden Geotrichum citri-aurantii,

Colletotrichum gloeosporioides ve Fusarium solan/nin
uzerinde

misel gelisimleri in vitro biyokontrol

—

l"_ =
um citri-aurantii (A), Colletotrichum gloeosporioides (B) ve Fusarium solani
(C) izolatlarinin tek spor kiiltiirleri
Figure 1. Single spore cultures of Geotrichum citri-aurantii (A), Colletotrichum gloeosporioides (B) and Fusarium
solani (C) isolates used in the study

Sekil 1. Cahsmacia kullanilan Geotrich

Endofit ve Epifit Bakteri Izolatlarmin Izolasyonu ve
Secimi

Farkli turunggil gesitlerinden alinan saghkli bitki
ornekleri bahgeden getirildikten sonra kok, gévde,
surgun, yaprak ve gévde olarak gruplandirilmig ve her
gruba ayr1 bir kod verilmistir. Endofit bakteri
izolasyonu igin, bitki 6rneklerinin yiizeyleri muhtemel
fungal/bakteriyel epifit kontaminantlarin
uzaklagtirilmasi amaciyla temiz ¢cesme suyu altinda
yikanmis, daha sonra %70’lik etanol (3 dak.) ve %271ik
sodyum hipoklorit soliisyonunda (2 dak.) bekletilmek
suretiyle ylizey dezenfeksiyonlari tamamlanmistir.
Gerek etanol gerekse sodyum hipoklorit soliisyonunun
dokulardan uzaklagtirilmak amaciyla dokular 3 kez
steril su icinde (her defasinda 2 dak.) durulanmistir.
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etkinliklerinin belirlenmesi; (i) fungal etmenlerin

misel gelisiminin  engellenmesinde ve  bitki
biiytimesinin gelisiminde(PGP) rol oynayan olas1 etki
mekanizmalarinin karakterize edilmesi
amaglanmigtir.

MATERYAL ve METOD

Fungal Hastalik Etmenleri

Biyoetkinlik ¢alismalarinda kullanilan ve ¢aligmanin
ana materyalini olusturan fungal hastalik etmenleri
Fusarium solani (Cfs®), Colletotrichum
gloeosporioides (LC5) ve GQGeotrichum citri-aurantii
(MKUGca2), HMKU Bitki Saglig1 Klinigi Uygulama ve
Arastirma Merkezi kiltir koleksiyonundan temin
edilmigtir. Bu patojenler Hatay ilinin en fazla
turunggil yetistiriciliginin yapildigi Erzin ilgesindeki
farkli hastalik belirtisi gésteren portakal (Washignton
Navel), mandarin (Owari Satsuma) ve limon (Meyer)
agaclarinin  kok, goévde, surgin, yaprak ve
meyvelerinden Patates Dekstroz Agar (PDA) besi
yerinde izole edilmis (Sekil 1), morfolojik ve molekiiler
olarak tanisi yapilmistir (Kurt ve ark., 2019; Kara ve
ark., 2020; Kurt ve ark., 2020).

=)

Son durulama suyundan alinan 200 pl su 6rnegi besi
yerine yayilarak yilizey dezenfeksiyonun kontroli
yapilmigtir. Yiizey dezenfeksiyonu tamamlanan
saglikli bitki dokular: 0.05 mM MgCl: tampon ¢ozeltisi
bulunan steril havan icerisinde iyice ezildikten sonra
5 dak. Dbekletilmistir. Buradan alinan bakteri
slispansiyonu secici King B (KB) besi yeri iizerine
bagetle yayilmak suretiyle ekimleri yapilmigtir. Epifit
bakterilerin izolasyonunda saghikli bitki kisimlarina
on dezenfeksiyon amach herhangi iglem
yapilmamigtir. Saghkh bitki dokular: 1-2 em boyunda
kesildikten sonra bitki dokulari veya toprak-kok
karisimi (5 gr) dogrudan steril 0.05 mM MgClz tampon
cozeltisi (yaklagik 50 ml) icine konulup, 30 dak. 200
rpm ortibal c¢alkalayici igerisinde c¢alkalamaya
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birakilmig, daha sonra buradan alinan siispansiyonlar
seri olarak sulandirildiktan (102, 103, 104, 105 ve 106)
sonra KB besi igeren petri kaplarina bagetle
yayilmigtir. Baz1 petriler icerisindeki besiyerleri
tzerine saglhikl kok dokular: dogrudan konularak kék
yizeyinden bakterilerin izolasyonlari
gerceklestirilmistir.

Aday epifit ve endofit bakteri izolatlarin bitki patojeni
olup olmadiginin belirlenmesinde tatiin bitkisinde
asir1 duyarlilik testi (HR) ile patates yumusak
ciiriikliik testleri yapilmistir (Lelliot ve Stead, 1987).
Her iki test sonucunda “negatif” olarak degerlendirilen
aday bakteri izolatlar1 TSA besi yerine ¢izildikten
sonra 37 °C en az 48-72 saat inkiibasyona birakilmis,
burada “gelismeyen” insan patojeni olmadig1 kabul
edilen bakteri izolatlar1 gerek tanilama gerekse in
vitro biyoetkinlik c¢alismalarinda “aday” biyolojik
micadele etmeni izolatlar olarak degerlendirilmeye
alinmigtar.

Bakteri izolatlarinin Tanilanmasi

Aday epifit ve endofit bakteri izolatlarinin tanilanmasi
calismalarinda tutin yapraklarinda HR, patates
dilimleri tizerinde yumusak curiiklik olusturmayan,
ayn1 zamanda 37 °C gelisme géstermeyen aday bakteri
izolatlar: tamilanmigtir. Saf kiiltiirde gelisen tek koloni
izolatlarin tanilanmasi MALDI-TOF MS (Bruker
Daltonics GmbH, Bremen, Germany)  yontemi
kullanilarak yapilmigtir. Saf kiilltirden elde edilen ve
TSA besi yerinde 24-36 saat i¢inde gelisen saf bakteri
kolonileri, ethanol-formik asit yontemiyle ekstrakte
edilmis ve her 6rnek noktasina 1 pl HCCA Matrix
soliisyonu eklenmis ve kurutulmustur. Daha sonra,
bakteriler MALDI-TOF MS cihazina yiiklendikten

sonra bakteri izolatlarinin tir teshisleri,
BIOTYPER™ 3.0 (Bruker Daltonics GmbH, Bremen,
Germany) yazilimi kullanilarak, cihazin

mikroorganizma kutiiphanesindeki standart tiirlerin
spektrumlar: ile eslestirilerek yapilmistir (Aktan &
Soylu, 2020).

Bakteri Izolatlarinin in vitro Kogullarda Antagonistik
Etkileri

Elde edilen bakteri izolatlarinin in vitro biyokontrol

etkinlik  potansiyelleri  G.  citri-aurantii, C.
gloeosporioides ve F. solaniye karsi belirlenmigtir.
Bakteri izolatlarinin fungal etmenlerin misel

gelisimini engelleme (antagonistik) etkinlikleri 9 cm
capinda, icerisinde TSA+PDA (1:1) besi yeri iceren
petri kaplarinda “ikila kultir” testleriyle
belirlenmigtir. Tkili kiltiir testlerinde petrinin st
noktasindan 2 cm gerisine ¢izgi ekim yontemi ile
¢izilmig bakteri izolatlar1 25 °C’de 48 saat on
inklibasyona birakilmisgtir. Bu siirenin sonunda 5
ginlik fungal kultiirlerinden alinan 6 mm ¢apli misel
diskleri gelisen bakteri kolonisinden 4 cm gerisine
yerlestirilmis ve tekrar gelismeye birakilmigtir.
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TSA+PDA besiyerlerine herhangi bir bakteri izolati
¢izilmemis, sadece fungal izolatin yerlestirildigi
petriler “kontrol” olarak kullamilmigtir. Tkili kiltir
testlerinde, “kontrol” petrilerinde bulunan fungal
hastalilk  etmeni  izolatlar  petriyi  tamamen
kapladiklar: zaman (fungal etmenlere gére degismekle
birlikte genelde inokulasyondan 4-5 giin sonra), tiim
petrilerde fungal etmenlerin bakteriye dogru yonelen
misel gelisim (MGu) mesafeleri cetvelle 6lctilmiistiir.
Bakterilerin antagonistik (engelleme) etkinlikleri,
kontrol petrilerdeki misel gelisim uzunluklar1 (MGk)
baz alinarak her bir bakteri izolatin misel gelisimini
engelleme oranlar1 %Abbott formuli kullanilmak
suretiyle hesaplanmistir (Soylu ve ark., 2020).

%Engelleme= (MGk-MGuw)/MGk))*100

Bakteri Izolatlarmin Siderofor ve Proteaz Uretme
Potansiyellerinin Belirlenmesi

Bakteri izolatlarimin siderofor ve proteaz {lretme
potansiyelleri uygun besi yerleri ve yontemlere gore
belirlenmigtir. Siderofor etkinligi Chrom Azurol-S
Agar (CAS) besi yeri tlizerinde (Schwyn ve Neilands,
1987), proteaz enzimi iiretim etkinligi %2 yag1 alinmis
siit tozu (Skimmed Milk Powder, Merck, Darmstadt,
Germany) bulunan Luria Broth Agar (SMLBA) besi
yeri iizerinde belirlenmistir (Perneel ve ark., 2007).
Bakteri kolonileri, steril kiirdan yardimiyla secilerek
her bir izolat i¢in ¢ farkli noktaya inokule edilmistir.
Inokulasyon isleminden sonra, bakteri izolatlar1 26
°C'de 2 gln boyunca inkiibasyona alinmigtir.
Inkiibasyon siiresinin sonunda, CAS besiyerinde "sar1-
turuncu" renkteki engelleme bolgeleri ve SMLBA
besiyerinde '"seffaf" renkteki engelleme bolgeleri
gozlemlenmistir. Bu engelleme bolgeleri, test edilen
bakterilerin siderofor ve proteolitik aktivitesi
oldugunu gostermektedir. Engelleme bolgelerinin ve
bakteri kolonilerinin caplari ayri ayri olgiilmustiir.
Siderofor (Sid-indeks) ve proteolitik (Pro-indeks)
etkinlik indeksleri, engelleme zon ¢apinin bakteri
koloni ¢apina  oranlanmasiyla  hesaplanmigtir
(Vazquez ve ark., 2000). Her bir bakteri izolat1 icin
6lcimler ¢ ayr1 petri kabinda gerceklestirilmis ve
deneme iki farklh zamanda tekrarlanmistir.

Bakteri Izolatlarinin Fosfor G6zme Potansiyellerinin
Belirlenmesi

Bakterilerin fosforu ¢ézme yetenekleri Pikovskaya
Agar (PVK) besi yerinde tri kalsiyum fosfat Cas(PO.)
bilegiginin  ¢6zilme giddetine gore petrilerde
belirlenmistir (Kumar ve ark., 2012). PVK besi yeri
uzerine taze bakteri kiiltiirlerinden steril kiirdan ile
alimip 3 farkli noktaya asilandiktan sonra, petriler 26
°C’de 7 giin inkiibasyona birakilmigtir. Inkiibasyondan
5 giin sonra bakteri izolatlarinin gelistigi noktalardaki
kolonilerin etrafinda geligen gseffaf engelleme bolgeleri,
test edilen bakteri izolatinin fosforu ¢6zme
yeteneginde oldugunu gbstermigtir. Bakteri
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izolatlarinin fosfor ¢6zme etkinligi, 6l¢lilen zon ¢apinin
gelisen bakteri kolonisinin c¢apina oranlanmasi ile
fosfor  ¢ozme Indeks  degerleri  (Fos-indeks)
belirlenmistir (Vazquez ve ark., 2000). S6z konusu
testlerde  bakteri izolat1 igin  Olgimler ve
degerlendirmeler 3 ayri petri icerisinde
gerceklestirilmis olup, deneme 2 farklhi zamanda
tekrarlanmagtir.

Bakteri Izolatlarinin Indol Asetik Asit (IAA) Uretme
Potansiyellerinin Belirlenmesi

Bakterilerin TAA tiretme yetenekleri Glickman ve
Dessaux, (1995) tarafindan tarif edildigi sekilde
Salkowski yontemi kullanilarak tespit edilmistir.
Secilmis  bakteri izolatlarin 48 saatlik taze
kiiltiirlerinden bakteri siispansiyonu (108 hiicre/ml)
hazirlandiktan sonra, 500 ul hacmindeki stispansiyon
L-tryphtophan (3 mg ml-?) igeren 5 ml steril LB besi
yeri bulunan cam tiiplere (10x120 mm) asilanmistur.
Bakteri 1zolatlarinin asilandigi besi yeri igeren tiipler
26 °C ayarl inkiibatérlii orbital ¢alkalayici (200 rpm)
uzerinde 4 gun sireyle tekrar inkiibasyona
birakilmigtir. Tiplerdeki sivi besi yerinde gelisen
bakteri stispansiyonundan alinan 2 ml siispansiyon
sogutmall santrifijde 5000 rpm’de 30 dak. santrifiij
edilmigtir. Sonrasinda, tiiplerin tst kismindan alinan
1 ml siispansiyon steril eppendorf tiplere aktarilmig
ve tizerlerine yaklasik 40 pl fosforik asit eklenmigtir.
Bu karisimin tamami 2 ml Salkowski ¢ozeltisi (150 ml
%98lik H2504, 250 ml of distile H20, 7.5 ml of 0.5 M
FeCls 6H20) iceren steril cam tiiplere aktarilmistir.
Tupler, inkibatorde 25 °Cde 30 dak. karanlikta
inktibasyona birakilmistir. Inkiibasyon sonrasinda
slispansiyon renginin “agik sari’”dan “kirmizi-pembe”
renge dontsmesi, test edilen bakteri izolatinin besiyeri
iceriginde TAA tirettigini gostermistir. Uretilen TAA
miktarlar1 UV-vis spektrofotometre (Perkin Elmer,
Lamda 25, USA) cihaz1 ile 535 nm dalga boyunda
olciilmiistiir (Patten & Glick, 2002). IAA miktarlar
standart IAA (Merck, Darmstadt, Germany) c¢ozeltisi
ile hazirlanan “standart konsantrasyon egrisiyle”
karsilastirilmak suretiyle pg/ml (ppm) diizeyinde
belirlenmigtir.

Bakteri Izolatlarimin Amonyak (NHs) Uretme
Potansiyellerinin Belirlenmesi

Bakterilerin amonyak (NHs) {iretme etkinlikleri
Cappuccino ve Sherman, (2013) tarafindan bildirildigi
sekilde Pepton Water (PW) besiyelerine Nessler’s
cozeltisi ilave edilmek suretiyle belirlenmistir.
Igerisinde steril 5 ml PW igeren cam tiplere steril 6ze
yardimiyla 2 ginlik taze test edilen bakteri
izolatlarinin kultirinden alinan bakteri kolonisi
bulastirlmigtir. Inokulasyonlarin yapildig: tiipler 150
rpm’e ayarli inktubatorli orbital ¢alkalayicida 26 °C’de
4 gin stireyle inkiibasyona birakilmigtir.
Bulastirmalarin yapildig1 tiiplerde gelisen bakteri
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siispansiyonlarindan 1 ml alinmis, santrifiij (13000
rpm 5 dak) yapilarak siipernatant solsuyonu elde
edilmigtir. Elde edilen stipernatant soliisyonu tizerine
50 pl hacminde Nessler’s ¢ozeltisi ilave edildikten
hemen sonra (2-4 saniye) besi yeri icerisinde {iretilen
“amonyak” birikiminin olup olmadig, tiiplerdeki besi
yeri renginin “ac¢ik sari”dan “kahverengi veya koyu
sar1” renge doniigsmesiyle kalitatif (gézlemle) olarak
tespit edilmigtir.

Bakteri Izolatlarmin Hidrojen Siyaniir (HCN) Uretim
Potansiyellerinin Belirlenmesi

Castric (1977) tarafindan bildirildigi tizere, 4.4 gr/L
glycine eklenmig TSA besi yerinde gelisen bakteri
hiicreleri tarafindan tiretilen ugucu HCN bilegeni petri
kapaginda bulunan ve pikrik asit/sodyum karbonat ile
1slatilmis (%0.5 pikrik asit (PA) + 2% sodyum karbonat
(Na2CO3): 100 ml steril su+0.5 gr PA+2 gr NasCOs)
filtre kagidi renginin sar1 renkten kahverengi veya
koyu kirmiziya dontsmesiyle kalitatif olarak
belirlenmigtir.

Bakteri Izolatlarimn Ucucu Bilegen(ler)inin in vitro
Antagonistik Etkinliginin Belirlenmesi

Bakteri izolatlari  tarafindan dretilen ugucu
bilesen(ler)inin in vwitro kosullarda antifungal
etkinlikleri daha onceden bildirilmis “kapali ikili
kiiltiir (sealed plate)” testleri ile belirlenmistir
(Chaves-Lopez ve ark. 2015). Antagonist bakteri
izolat1, iginde TSA besiyeri igeren petrilere ¢izilmis,
fungus izolat1 (6 mm disk) ise icerisinde PDA besiyeri
olan diger petriye yerlestirilmistir. Daha sonra her iki
kapak birbirlerine bakacak sekilde kapatilmis, olusan
ucucu bilesenlerin ortamdan uzaklagsmasi engellemek
amaciyla petri kapaklarinin kenarlari parafilm ile
sarilmigtir. Kontrol uygulmasi olarak TSA besiyeri
uzerine herhangi bir bakteri izolati ¢izilmemis, PDA

iceren  petriye sadece fungus misel diski
yerlestirilmigtir. Uygulama sonrasi petriler 25 °C de
inktibasyona birakilmigtir. Kontrol petrilerinde

bulunan fungus PDA besi yeri uzerinde gelisimi
tamamlandiktan sonra, fungal izolatlarin misel
gelisimi (MGu) caplar1 6lciilmiis ve kontrol
petrilerdeki  misel (MGk) gelisim caplarina
kiyaslanarak % engelleme oranlari hesaplanmigtir.
Her bakteri izolat1 igin 6lgimler 3 ayr1 petri kabinda
gerceklestirilmis olup, denemenin tekerrtrri 2 farklh
zamanda yapilmigtir.

Deneme Deseni ve Istatistik Analizler

Bakterilerin fungal etmenlere karst 1in vitro
antagonistik etkinlikleri ve etki mekanizmalarinin
belirlenmesi ¢aligmalar1 tesadiifi parseller deneme
desenine gore kurulmus, her bir uygulama igin 3
tekerriir kullanilmigtir. Denemelerde elde edilen
veriler, SPSS istatistik programi for Windows Version
17 (SPSS, 2008) kullanilarak tek yonlii varyans analizi
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yapilmis ve uygulamalar arasindaki farkhliklar
Duncan Coklu Karsilastirma Testi (P<0.05) ile analiz
edilmigtir.

BULGULAR ve TARTISMA
Endofit ve Epifit Bakterilerin Izolasyonu

Hatay ilindeki turuncgil bahgelerinden, agaglarin
saglikli toprak alt1 (kok, kék bogaz1 ve kdoklere yakin
topraklar) ve toprak istii (siirgiin, yaprak ve meyve)
aksamlarindan, biyokontrol etkinlik c¢alismalarinda
kullanilmak tlizere toplamda 53 epifit ve 32 endofit
olmak tzere 85 bakteri izolat1 elde edilmigtir. Yapilan
testler sonucunda bitkide ve insanda hastalik etmeni
olmadig1 sonucuna varilan 26 endofit, 451 ise epifit
olmak tizere toplam 71 aday bakteri izolati elde
edilmigtir. ~MALDI-TOF  tanilama  calismalar
sonucunda indeks degeri 1.7 ve lizerinde olan toplam
71 bakteri izolattan, 51 izolat Gram-pozitif, 20 izolat
ise Gram-negatif olarak belirlenmistir. Tir diizeyinde
kesin  teshisi  yapilan ve literatlire  gore
insan/hayvan/gida patojenleri oldugu tespit edilen
(Bordetella petrii, Escherichia coli, Enterobacter spp.,
Klebsiella spp. ve Staphylococcus spp.) tiirlere ait
izolatlar calismalara dahil edilmemis olup, bu izolatlar
disinda kalan 48 aday bakteri izolatlari ile detayli
calismalar yapilmaya karar verilmigtir.

Endofit ve Epifit Bakterilerin Tanilanmasi

Izolasyon calismalari sonucunda bitki ve insan
patojeni olmadig1 belirlenen 48 adet bakteri izolati
elde edilmigtir. Elde edilen 48 izolatin MALDI TOF MS
analizleri sonucunda 22 izolat Bacillus tiirii, 7 izolat
Lysinibacillus, 3 izolat Acinetobacter, 2’ser izolat
Pseudomonas ve Kosakonia, 1’er 1zolat Burkholderia,
Cronobacter, Curtobacterium, Enterobacter,
Herbaspirillum, Klebsiella, Pantoea, Rahnella,
Raoultella, Rhizobium, Siccibacter ve Staphylococcus
cinslerine ait oldugu belirlenmistir.

Bakteri Izolatlarimin in wvitro Kogullarda Fungal
Etmenlere Kargi Antagonistik Etkileri

Fungal hastalik etmenlerinin misel gelisimleri farklh
antagonist  bakteriler  tarafindan  engellenme
potansiyelleri in vitro ikili kiltir testlerinde misel
gelisim caplar1 6lgilerek belirlenmig, elde edilen
sonuclar Cizelge 1 ve Sekil 1’de sunulmustur. Test
edilen fungal hastallk etmenlerinden G. citri-
aurantirnin misel gelisimini en yiksek duzeyde
engelleyen izolatlar sirasiyla, %77.2 ile B. vallismortis
YGL73ep, %76.6 ile B. cereus YGK25en, %73.3 ile
Pseudomonas  chlororaphis YGMS82ep  olarak
belirlenmistir (Sekil 2A). Antraknoz hastalik etmeni
C. gloeosporioidesin misel gelisimini en ylksek
diizeyde engelleyen izolatlar sirasiyla %72.7 ile B.
thuringiensis YGT22en, %71.1 ile B. vallismortis
YGL73ep ve B. cereus YGK25en, %65.56 ile P.
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chlororaphis YGMS82ep olarak belirlenmistir (Sekil
1B). Bir diger hastalik etmeni F. solanihin misel
gelisimini en yiiksek diizeyde engelleyen izolatlar ise
sirasiyla, %71.1 engelleme orani ile B. subtilis YGS5en
oldugu belirlenirken, bu izolat1 %70.0 engelleme orani
ile B. cereus YGK25en ve %66.1 engelleme orani ile P.
chlororaphis YGM82ep izolatlar: izlemistir (Sekil 2C).
Misel gelisimini engellemede yliksek diizeyde etkinlik
gosteren izolatlar arasinda oldugu kadar aym tiire ait
izolatlarin da misel gelisimini engellemesi arasinda
istatistiksel olarak o©nemli dizeylerde farkliliklar
goriilmiistiir (Cizelge 1). Bu calismada kullanilan 3
farkl fungal etmene kars1 >%50 antagonistik etkinlik
gosteren 11 endofit ve epifit bakteri izolat arasinda
Gram negatif P. chlororaphis YGM82ep disinda kalan
bakteri izolatlarin tamaminin Gram pozitif Bacillus
spp. ait 1izolatlar oldugu belirlenmistir. Izolatlar
arasinda (. citri-aurantii etmenine karsi >%50
antagonistik etkinlik gosteren toplam 21 izolattan 14
tanesi, C. gloeosporioidese karsi toplam 17 izolattan
15 tanesinin, F. solanrye karsi ise 17 izolattan 13
tanesinin benzer sekilde Bacillus spp. ait izolatlar
oldugu tespit edilmistir (Cizelge 1).

Yapilan in witro ikili kultir c¢alismalarinda
antagonistik etkinligi yliksek olarak belirlenen
Bacillus cereus, B. mojavensis, B. vallismortis, B.
subtilis, ve B. thuringiensis gibi epifit ve endofit

kokenli Bacillus spp. turlerinin antimikrobiyal
etkinlige sahip farkli bilesikler tiretme potansiyeline
sahip olmalar1 nedeniyle biyolojik miicadele

calismalarinda en fazla irdelenen bakteriyel turlerdir
(Tariq ve ark., 2020). Soylu ve ark. (2022) tarafindan
yakin zamanda yapilan arastirmada, saglikli turuncggil
agaclarindan elde edilen 16 farkli bakteri izolatinin G.
citri-aurantirnin misel gelisimin engellenmesi in vitro
ikili kiltiir testleriyle ortaya konulmustur. Test edilen
bakteri 1izolatlar1 arasinda, Bacillus spp.'ye ait
izolatlarin misel gelisimini %59.5 ile %78.6 araliginda
engellerken, B. subtilis CM8 (%78.6) izolat1 en yiiksek
antagonistik  etkiyi  gosteren  izolat  olarak
belirlenmistir. Chenniappan ve ark. (2019) tarafindan
yapilan c¢alisma ile zerdecal bitkisinin kok ve
rizomlarindan izole edilen bakteriler 7 farkl rizom kok
curiklugi hastalik etmeni olan Rhizoctonia solani,
Schizophyllum commune, Macrophomina phaseolina,
Fusarium graminearum ve F. solaniye Kkarsi
antagonistik etkinlikleri arastirilmistir. S6z konusu
fungal patojenlere kars1 Pseudomonas aeruginosa,
Bacillus amyloliquefaciens, B. tequilensis, B. cereus,
B. subtilis tirlerine ait 16 izolatin degisen oranlarda
antagonistik etkinlik gosterdikleri  bildirilmigtir.
Yapilan benzer c¢alismalarda Bacillus spp ait bazi
izolatlarin in vitro ve in vivo kogullarda turuncggillerde
depo hastalik etmenlerinden P. digitatum, P.
crustosum, P. Italicum ve G.citri-aurantiiye karsi
antifungal etkinlik gésterdigi bildirilmistir (Hong ve
ark., 2014; Chen ve ark., 2018; Tian ve ark., 2020).
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Cizelge 1. Antagonist bakteri izolatlarinin in vitro ikili kiiltiir testlerinde 3 farklh fungal etmenin misel gelisimini (mm)?2
engellemede gosterdikleri antagonistik etkinlikleri

Table 1. Antagonistic activity of antagonist bacterial isolates in inhibiting mycelial growth (mm)? of 8 different fungal agents
in in vitro dual culture tests

Fungal etmenler MG:
G. citri-aurantii C. gloesporioides F. solani

Bakteri Izolat: MG MGE MG MGE MG MGE

(mm) (%) (mm) (%) (mm) (%)
Bacillus vallismortis YGL73ep 13,673A 77,22 17,33abA 71,12 26,00¢tB 56,67
Bacillus cereus YGK25en 14,008bA 76,67 17,33abA 71,12 18,0024 70,00
Pseudomonas clororapsis YGM82ep 16,0024 73,33 20,67bcB 65,55 20,332bB 66,12
Bacillus cereus YGK28ep 17,33bdA 71,12 26,33¢¢B 56,12 27,004¢B 55,00
Bacillus cereus YGM3ep 19,33ceA 67,78 25,334 gB 57,78 21,33a¢cA 64,45
Bacillus cereus YGS13ep 20,004 A 66,67 24,00ctA 60,00 34,0018 43,33
Bacillus cereus YGK31len 22,00e8A 63,33 30,67hiB 48,88 31,33¢kB 47,78
Bacillus thuringiensis YGT22en 22,00¢8B 63,33 16,3324 72,78 28,33¢1C 52,78
Bacillus cereus YGP6en 23,00£hA 61,67 21,00b-dA 65,00 26,00¢tA 56,67
Rahnella aquatilis YGP63ep 23,00fhAB 61,67 22,33¢ceA 62,78 25,33b-eB 57,78
Bacillus cereus YGKL16ep 23,33fhA 61,12 26,00¢¢B 56,67 25,33b-eAB 57,78
Bacillus cereus YGP1len 23,33fhA 61,12 25,33d8A 57,78 31,33¢kA 47,78
Bacillus mojavensis YGM15en 23,33fhA 61,12 25,67¢8B 57,22 29,33¢iC 51,12
Burkholderia cepacia YGM75ep 23,33fhA 61,12 33,33imB 44,45 52,00prC 13,33
Bacillus mojavensis YGL69ep 24,678hA 58,88 30,67hiB 48,88 24,00beA 60,00
Acinetobacter johnsonii YGM76en 25,008hA 58,33 35,6710B 40,55 58,33tC 2,78
Bacillus simplex YGS12ep 26,004 56,67 22,00ceA 63,33 35,33kmB 41,12
Enterobacter xiangfangensis YGM80ep 26,33mA 56,12 32,33mB 46,12 32,00¢'kB 46,67
Rhizobium radiobacter YGM77ep 26,33mA 56,12 31,33h1A 47,78 49,330pB 17,78
Bacillus cereus YGM9en 29,0014 51,67 26,33¢8A 56,12 21,00acA 65,00
Herbaspirillum aquaticum YGM'78ep 29,33vkA 51,12 31,00bkA 48,33 59,67tB 0,55
Bacillus endophyticus YGL74en 31,331 47,78 33,33imA 44,45 59,00tB 1,67
Klebsiella oxycota YGP62en 31,6711 47,22 45,00rrB 25,00 32,67hkA 45,55
Lysinibacillus sphaericus YGM10en 32,67k mA 45,55 36,67moB 38,88 53,00rsC 11,67
Bacillus subtilis YGS5en 32,67kmC 45,55 27,33fhB 54,45 17,3384 71,12
Lysinibacillus sphaericus YGM4ep 33,00!mA 45,00 35,00i0A 41,67 38,33!mB 36,12
Bacillus safaensis YGMS83ep 33,00!mB 45,00 22,33ceA 62,78 55,67rtC 7,22
Lysinibacillus sphaericus YGS35ep 34,331nA 42,78 34,00i0A 43,33 60,00tB 0,00
Lysinibacillus sphaericus YGK24en 36,00m0A 40,00 34,00i0A 43,33 33,3311A 44,45
Lysinibacillus sphaericus YGKL15en 37,00n0A 38,33 37,677n0A 37,22 40,00mnA 33,33
Lysinibacillus sphaericus YGP4en 38,3304 36,12 50,00stB 16,67 57,67stC 3,88
Kosakonia cowanii YGP7en 38,3308 36,12 53,67tuC 10,55 25,33beA 57,78
Pantoea agglomerans YGMS81lep 39,3308 34,45 37,6708 37,22 31,00fkA 48,33
Lysinibacillus sphaericus YGP3en 44,67rB 25,55 47,33rsB 21,12 28,67¢1A 52,22
Bacillus megaterium YGT18ep 48,678 18,88 38,0004 36,67 35,00KA 41,67
Pseudomonas koreensis YGL72ep 48,678 18,88 35,33k 0A 41,12 36,00k nA 40,00
Siccibacter colletis YGP67ep 55,335C 7,78 42,6708 28,88 27,67¢hA 53,88
Bacillus megaterium YGM12en 56,67stA 5,55 49,67stA 17,22 59,00tA 1,67
Bacillus megaterium YGL68ep 56,6758 5,55 35,33koA 41,12 59,33tC 1,12
Cronobacter sakazakii YGKL12ep 57,00stB 5,00 60,00vC 0,00 40,670A 32,22
Acinetobacter Iwoftil YGL60en 60,00stA 0,00 59,33vA 1,12 59,67tA 0,55
Raoultella ornithinolytica YGP64en 60,00stA 0,00 60,0074 0,00 59,33tA 1,12
Acinetobacter Iwoftii YGS37en 60,00stB 0,00 43,672 27,22 45,3304 24,45
Curtobacterium flaccumfaciens YGS25en 60,00stB 0,00 56,67uwA 5,55 57,67stA 3,88
Kosakonia cowanii YGKL17en 60,00stB 0,00 60,00vB 0,00 49,330pA 17,78
Staphylococcus succinus YGL55ep 60,00stB 0,00 51,67tA 13,88 57,33stB 4,45
Bacillus megaterium YGMbep 60,00stC 0,00 43,33prA 27,78 51,67rrB 13,88
Bacillus subtilis YGS19ep 60,00stC 0,00 28,67¢B 52,22 22,33adA 62,78
Kontrol 60,00% 0,00 60,00 0,00 60,002 0,00

Misel gelisimi (mm); MGE: Misel gelisiminin engellenme orani (%)

a Ayni stitun icerisinde yer alan misel gelisim ¢aplarinin ortalama degerlerin yanindaki benzer kii¢iik harfler ile ayni satir igerisinde yer alan
ortalama degerlerin yanindaki benzer biiyiik harfler izolatlar arasindaki farkin istatistiksel olarak énemli olmadigini gésterir (Duncan Coklu
Karsilastirma Testi, P<0.05). Koyu renkli olarak yazilmis izolatlar testlerde yiiksek etkinlik gosteren izolatlardir
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Sekil 2. Bakteri izolatlarimin ikili kiiltiir testlemelerinde G. citri-aurantii (A), C. gloeosporioides (B) ve F. solani
(C) etmenlerinin misel gelisimlerinin engellenmesi iizerine antagonistik etkinlikleri

Figure 2. Antagonistic activities of bacterial isolates on inhibition of mycelial growth of G. citri-aurantii (4), C.
gloeosporioides (B) and F. solani (C) in dual culture tests

Yapilan biyokimyasal ve molekiiler analizlerde
Bacillus spp. ve Pseudomonas spp. ait antagonist BCA

izolatlarin  fungal hastalik etmenlerine karsi
antagonistik etkinliklerinin 2,4-
diacetylphloroglucinol,  pyrrolnitrin, pyoluteorin,

bacillomycin D, fengycin, hydrogen cyanide, ve litik
enzyme, cellulase gibi antifungal Dbilesiklerden
kaynaklandig belirlenmistir (Tariq ve ark., 2020).

Bakterilerin Fungal Patojenin Misel Geligimini
Engellemede Rol Oyanayan (Antagonistik)
Mekanizmalarin Belirlenmesi

Siderefor tiretim potansiyelleri: Siderofor tiretimi CAS
besi yeri kullanilarak belirlenmigtir. CAS besi yeri
uzerinde bakteriler tarafindan olusturulan engelleme
zonunun bakteri ¢capina oranlanmasiyla elde edilen
siderofor etkinlik indeks degerlerine bakilmistir (Sekil
2). Test edilen tiim izolatlar arasindan en fazla
siderofor tretimi 3.78 indeks degeri ile Pseudomonas
koreensis YGL72ep tarafindan gosterilmis olup bu
izolat1 sirasiyla 2.33 ve 2.30 indeks degerleri ile
sirasiyla Pseudomonas koreensis YGLT72ep, Bacillus
simplex YGS12ep ve Burkholderia cepacia YGM75ep
izolatlar1 izlemistir (Cizelge 2; Sekil 3A).
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Proteaz iiretim potansiyelleri: Mikolitik bir enzim olan
proteaz, baz1 biyokontrol etmeni antagonist bakteriler
tarafindan tretilebilen, fungal hastalik etmenlerinin
hiicre duvar1 yapisinda bozulmalara ve erimelere
neden olan proteolitik enzimlerden biridir (Sekil 3B).
Test edilen izolatlar arasinda en yiiksek proteaz
aktivitesi 1.78 indeks degeri ile Bacillus mojavensis
YGM15en izolat: tarafindan gosterilmigtir. Bu izolat1
sirasiyla 1.61 indek degeri ile B.simplex YGS12ep, 1.59
indeks degeri ile B. cereus YGM3ep izolatlar1 takip
edilmistir (Cizelge 2; Sekil 3B).

Hidrojen siyaniir (HCN) iiretim potansiyelleri:
Yapilan gozlemlere gore 25 izolat arasinda sadece 5
izolatin degisen oranlarda HCN urettigi
belirlenmigtir. En yiksek HCN dretimi Bacillus
megaterium YGT18ep tarafindan tretilirken, bu
izolat1 Pseudomonas chlororaphis YGM82ep ile
Raoultella  ornithinolytica  YGP64en  izolatlari
izlemistir. Bu bakterileri nispeten daha diisuk HCN
uretimine sahip olan B. vallismortis YGL73ep ve P.
koreensis YGL72ep 1zolatlar1 takip etmigstir.
Aralarinda yiiksek oranda antagonistik etkinlik
gosteren B. cereus YGM3ep ve B. thuringiensis
YGT22en gibi  bircok izolatin HCN {retme
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potansiyelinin bulunmadig: tespit edilmistir (Cizelge
2; Sekil 3C).

Amonyak tiretim potansiyelleri: Yapilan gozlemlere
gore test edilen 25 izolattan Acinetobacter johnsonii

YGM76en disinda tamami pepton iceren besiyerinde

degigsen siddetlerde amonyak tretmistir. En yluksek
amonyak Uretimi Burkholderia cepacia YGMT75ep
izolatinca Uretilirken, antagonistik etkiye sahip bircok
turin yuksek oranlarda amonyak turettigi tespit
edilmistir (Cizelge 2; Sekil 3D).

Sekil 3. Bakterilerin (A) CAS Agar iizerinde siderofor, (B) SMLBA besi yeri iizerinde protease enzim, (C) TSA besi
yerinde hidrojen siyaniir, (D) Pepton Water besi yerinde amonyak iiretme etkinlikleri. Etkinlikler bakteri
kolonisi etrafinda ortaya cikan zonlar (ok), filtre kagidinin turuncuya, besi yerinin koyu sar1 renge

déntismesiyle (ok) karakterize edilmistir.

Figure 3. Potential of bacteria to produce siderophore on CAS agar (A), protease enzyme on SMLBA medium (B),
production of hydrogen cyanide on TSA medium (C), production of ammonia on Pepton Water medium.
Efficiencies of bacterial isolates were evident as inhibition zone around bacterial colony (arrow), changes
of colour on filter paper to orange, changes of colour of medium to dark yellow (arrow).

Bakterilerin Bitki Geligimini Tegvik Etmede (PGP)
Rol Oyanayan Mekanizmalarinin Belirlenmesi

Fosfor ¢ozme potansiyelleri: Bakteri izolatlarin PVK
besiyeri tuzerinde fosfor ¢6zme etkinlikleri tim
izolatlar agisindan degerlendirildiginde Gram negatif
bakteri izolatlarinin Gram pozitif izolatlara oranla
daha yuksek etkinlik gosterdigi belirlenmistir. Test
edilen izolatlar arasinda en yiiksek fosfor c¢bézme
etkinligi 2.57 fosfor ¢6zme indeks degeri ile Rahnella
aquatilis YGP63ep izolat1 tarafindan gosterilmis olup,
bu izolat1i 2.50 indeks degeri 1ile Raoultella
ornithinolytica YGP64en, 2.27 indeks degeri ile
Pseudomonas koreensis YGL72ep izolatlar izlemigtir
(Cizelge 2; Sekil 4A). Ikili kiiltiir testlerinde yiiksek
antagonistik etkinlige sahip olan K. aquatilisYGP63ep
izolatinin ayni zamanda yiiksek diizeyde fosfor ¢ézme
yetenegininde (2.57) oldugu belirlenmistir. Diger
yvandan K. ornithinolytica YGP64en izolatinin ikili
kiiltlir testlerinde antagonistik etkinligini ¢ok diistik
seviyede olmasina ragmen, fosfor ¢6zme yeteneginin
yiiksek diizeyde (2.27) oldugu belirlenmistir. Bu
durum  antagonistik  etkinligi  ylksek olan
tir/izolatlarin ayni anda bitki gelisimini tesvik etmede
etkin olamayabilecegini géstermistir (Cizelge 2; Sekil
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4A). Kakao agaclarinin kok bélgesinden izole edilen
bakterilerin, kok clrikligi hastaligi etmeni olan
Phytophthora palmivora’ya karsi antagonistik
etkinlikleri arastirildigr ¢alismalarda, Pseudomonas
chlororaphis olarak teghisi yapilan 3 izolatin fungal
etmene kars1 yiksek antagonistik etkinlik gosterdigi,
gosterilen antagonistik etkinliklerinin, siderofor ve
HCN’den kaynaklandigi  bildirilmistir  (Acebo-
Guerrero ve ark., 2015). Ghazy ve ark., (2021) Misir
bitkisinde Cephalosporium maydisin neden oldugu
ge¢ solgunluk  hastaligina karsi PGP  kok
bakterilerinin potansiyelini arastirmiglardir. Alti
izolatin (Bacillus subtilis, B. circulance, B. coagulanse,
B. Ilicheniformis, Pseudomonas fluroscence ve P.
koreensis) hem in vitro hem de in vivo kosullarda
antagonistik etkinlikleri 1ile bakterilerin siderofor
uretme potansiyelleri belirlemiglerdir. Sonucta, en
yiksek antagonistik etki ve siderofor tiretimini yapan
bakterilerin B. subtilis ve P. koreensis oldugunu
bildirmiglerdir. S6z konusu calismada belirlenen P.
koreensis 1izolatinin siderofor {retiminin ylksek
seviyede olmasi mevcut c¢alismadaki sonuglar
destekler nitelikte olmustur.
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Cizelge 2. Secilmis antagonist bakteri izolatlarin fungal etmenlere kars1 gosterdikleri olasi biyokontrol ve bitki
geligimini tegvik eden etkinlik mekanizmalarin belirlenmesi?

Table 2. Determination of possible mechanisms of biocontrol and plant growth promoting activities of selected
antagonist bacterial isolates against fungal agents?

Misel gelisimi engelleyici Bitki geligimini tegvik eden
antagonist mekanizmalar mekanizmalar

Bakteri izolats Sid-ind Pro-ind HCN NHs F“f;’gﬁfszime TAA (pg/ml)
Pseudomonas koreensis YGL72ep 3.78¢ 1.23bd + + 2.27¢ 69.68°
Bacillus simplex YGS12ep 2.33f 1.61f¢ ++ - 0.002 16.88m
Burkholderia cepacia YGM75ep 2.30f 1.09>  +++ - 1.19> 4.464d
Pseudomonas chlororaphis YGM82ep 2.15¢f 1.31be ++ ++ 0.002 49.83n
Raoultella ornithinolytica YGP64en 1.73de  1.51dg ++ ++ 2.504 0.01=2
Lysinibacillus sphaericus YGP3en 1.56¢¢ 0.002 ++ - 0.00a 10.97k
Bacillus cereus YGM3ep 1.55¢¢ 1.59¢¢ + - 0.00a 10.51%k
Bacillus mojavensis YGM15en 1.55¢¢ 1.788 ++ - 0.002 11.36k
Bacillus cereus YGK25en 1.49bd 1.47¢<f + - 0.002 10.31%
Bacillus megaterium YGT18ep 1.45bd  1,22bd + +++ 0.002 6.96¢h
Rahnella aquatilis YGP63ep 1.42bd 1.19b« ++ - 2.57d 9.16%
Curtobacterium flaccumfaciens YGS25en — 1.34bd 1.090 + - 0.002 0.592b
Rhizobium radiobacter YGMT7Tep 1.24bc 0.00a ++ - 0.002 1.84be
Pantoea agglomerans YGMS81lep 1.22bc 1.20b¢ + - 0.002 13.93!
Bacillus vallismortis YGL73ep 1.20b« 1.08b ++ + 0.002 2.39¢
Bacillus subtilis YGS5en 1.16b¢ 1.15b + - 0.002 7.93hi
Staphylococcus succinus YGL55ep 1.14be 1.22bd ++ - 0.002 13.53!
Bacillus cereus YGP1len 1.10b« 1.36bt ++ - 0.002 5.96¢e8
Cronobacter sakazakii YGKL12ep 1.05P 0.002 ++ - 1.090 7.46h
Acinetobacter johnsonii YGMT76en 0.002 0.002 - - 0.002 5.38df
Acinetobacter Iwoftii YGS37en 0.002 0.002 + - 0.00a 7.73hi
Bacillus thuringiensis YGT22en 0.002 1.47¢t ++ - 0.002 6.75fh
Klebsiella oxycota YGP62en 0.00= 0.00a + - 0.002 4.87de
Siccibacter colletis YGP67ep 0.002 0.002 ++ - 1.14b 1.45a¢
Kosakonia cowanii YGP7en 1.93¢f 1.13b ++ - 1.16P 0.02a

Sid-Ind: Siderofor; Pro-Ind: Protease; NHs: Amonyak; HCN: Hidrojen Siyaniir; -, renk degisimi olmadigini, +, +, ++, +++ ise HCN veya amonyak
konsantrasyonun artigina paralel renk degisim siddetindeki artigini gésterir. Kalin olarak yazilmis izolatlar testlerde yiiksek etkinlik gosteren
izolatlardur.

a Ayni slitun igerisinde yer alan ortalama degerlerin yamindaki ayni harfler izolatlar arasindaki farkin istatistiksel olarak énemli olmadigim
gosterir (Duncan Coklu Karsilastirma Testi, P<0.05)

S
Sekil 4. Antagoist tri i'z‘(j;t?l’z; min (A) PVK besi yeri
iiretim potansiyelleri (ok).
Figure 4. Potantials of bacterial isolates to solubilise of phosphorus on PVK media (4) and production of IAA in LB medium

containing L-tryptophane (arrow)

= :
nde fosforu ¢ézme, (B) L-tryptophane igeren LB besi yerinde IAA
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Gusain ve ark., (2015) Himalaya daglarindaki yagmur
ormanlarindan izole ettikleri ve Pseudomonas
koreensis, Arthrobacter nitroguajacolicus YB4 ve
Klebsiella oxytoca olarak tanimladiklar1 bakteri
izolatlarinin fosforu ¢ézme, IAA ve siderofor tiretme
potansiyellerinin belirlenmesine yo6nelik yaptiklar
calismalarinda, 4 izolatinda yiiksek dizeylerde
siderofor ve IAA iretme yeteneginde olduklarini, P.
koreensis, A. nitroguajacolicus ve K. oxytoca
izolatlarinin fosforu ¢ozme etkinligininde
bulundugunu, 5 izolatin uygulandigi bitkilerde fosfor
aliminin arttig, bitki biyokiitlelerinde (yas ve kuru
agirhik olarak) ciddi agirhik artislarinin  oldugu
belirlenmigtir.  Aralarinda P.  chloropsis  ve
Pseudomonas spp., ait izolatlarin fungal hastalik
etmenlerinin misel gelisimlerini yiksek dlzeyde
engelledigi, engellemede oOzellikle fenazin, HCN,
siderofor ve TAA urettikleri, ancak topraktaki bagh
fosforu ¢ozmede etkili olamadiklari, fakat aralarindan
5 izolatin toprakta bagli ¢inkoyu ¢6zebildiklerini
boylece bitki gelisimini 6nemli diizeyde tesvik ettikleri
bildirilmistir (Shahid ve ark., 2017; Nandi ve ark.,
2017). Tirkiye’de farkli konukcu-patojen iligkilerin
irdelendigi benzer biyolojik micadele ¢alismalarinda
Pseudomonas ve Bacillus tirlerine ait olan PGPB ve
PGPR izolatlarinin basta toprak kokenli olmak tizere
bir ¢ok o6nemli fungal hastalik etmenlerinin
engellenmesinde ve bitki gelisimini tesvik etmede
siderofor, proteaz, amonyak, HCN gibi antagonsitik;
fosforu ¢6zme, TAA tretme gibi mekanizmalar ile etkili
olduguna yénelik ¢calismalar bulunmaktadir (Soylu ve
ark., 2005; Yildiz ve ark. 2012; Imriz ve ark., 2014;
Atay ve ark., 2020; Aktan ve Soylu, 2020; Kara ve ark.,
2020; Soylu ve ark., 2020; Soylu ve ark., 2021; Soylu ve
ark., 2022; Kara ve Soylu, 2022).

Bakteri Izolatlarmn Ugucu Bilegen(ler)inin in vitro
Antagonistik Etkinliginin Belirlenmesi

Bakteri izolatlarinin ugucu bilesen(ler)inin in vitro
antagonistik  etkinliginin belirlenmesine yo6nelik
yapilan calismalarda ikili kiltiir testlerinde 3 farklh
fungal etmene kars1 “yluksek” etkinlik gosteren B.
cereus YGK2ben, B. thuringiensis YGT22en, B.
vallismortis YGL73ep, ve P. chlororaphis YGM82ep
izolatlar: ile calismalar yapilmistir (Cizelge 3, Sekil 5).
Yapilan kapali ikili kiltar test sonuglarina gore 3
farkli fungal etmene kargida en yiksek antifungal
etkinlik P. chlororaphis YGM82ep izolat1 tarafindan
gosterilmigtir. P. chlororaphis YGM82ep izolati
tarafindan uretilen ugucu bilesenler G. citri-aurantii,
C. gloeosporioides ve F. solaninin misel geligimini
sirasiyla %89.2, %82.6, %57.1 oraninda engelledigi
belirlenmigtir. Test edilen Bacillus thuringiensis
YGT22en 1izolat1 ise G. citri-aurantiinin misel
gelisimini %77.7 gibi ylksek oranda engelledigi
gozlenmistir (Sekil 5). Cizelge 3’de sunulan izolatlarin
ugucu bilegsenlerinin antagonistik etkinlikleri, Cizelge
2’de sunulan in vitro ikili kiltir test sonuglariyla
kargilastirildiginda, Pseudomonas  chlororaphis
YGMS82ep 1izolatinin ugucu bilesenlerinin G. citri-
aurantii ve C. gloesporioidese, Bacillus thuringiensis
YGT22en izolatinin ugucu bilesenlerinin G. citri-
aurantirye, Bacillus vallismortis YGL73ep izolatinin
ucucu bilegenlerinin ise F. solanrye kars1 daha yliksek
duizeylerde etkinlik gosterdigi tespit edilmistir. Diger
izolatlarin ugucu bilesenlerinin antifunal
etkinliklerinde in vitro ikili kiltir test sonuclariyla
kiyaslandiginda daha distk etkinlik géstermigtir
(Cizelge 3).

Cizelge 3. Antagonist etkinligi yiiksek izolatlar tarafindan tretilen ucgucu organik bilesenlerinin in vitro ikili
kiltir testlerinde fungal etmenlerin misel gelisiminin engellenmesi tizerine olan antifungal etkinlikleri

Table 3. Antifungal activity of volatile organic compounds produced by isolates with high antagonist activity on
inhibition of mycelial growth of fungal agents in vitro dual culture tests

Fungal etmenler

F. solani G. citri-aurantii C. gloeosporioides

Antagonist bakteri izolatlar MG MGE MG MGE MG MGE
(mm) (%) (mm) (%) (mm) (%)

Kontrol 81.674 - 90,00e 86,33
Pseudomonas chlororaphis YGM82ep 35.002 57.15D 9.674 89.26Y 15.002 82.63Y
Bacillus vallismortis YGL73ep 34.332 57.97Y 46.67¢ 48.14D 73.67¢ 14.67D
Bacillus thuringiensis YGT22en 60.00¢ 26.54D 20.00p 77.78Y 79.67d 7.72D
Bacillus cereus YGK25en 50.00P 38.78D 63.334 29.63D 58.33b 32.44D

MG: Misel gelisimi (mm); MGE: Misel gelisiminin engellenme oram

(%)

Sttun icinde yer alan ortalama degerlerin yanindaki farkli kiigiik harfler uygulamalar arasindaki farkin istatistiksel olarak Duncan Coklu

Karsilastirma testine gore 6nemli oldugunu gosterir (P<0.05).

D ve Y: Ucucu bilegsen(ler)in antagonist etkinliginin ikili kiiltiir testlemesine gére daha diigiik (D) veya dah yiiksek (Y) diizeyde oldugunu

gosterir.
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Farklh Pseudomonas ve Bacillus tlrlerine ait
antagonist bakteri izolatlar1 tarafindan besiyerlerine
difiize olabilen (2,4-diacetylphloroglucinol, phenazine-
1-carboxylic acid, phenazine-1-carboxamide,
pyoluteorin, pyrrolnitrin, iturin, surfactin, fengycin
vb.) antimikrobiyal etkinlige sahip bilesenlerin
yanisira ucucu organik metabolitler (VOCs, Volatile
Organic Compounds) iireterek patojen gelisimini
engelledigi/baskiladigina yoénelik bir ¢ok c¢alisma
bulunmaktadir (Raio & Puopolo, 2021; Dimkic ve ark.,
2022). Calismalarda etkili olarak belirlenen 2.
chlororaphis izolatinin liretmis olduklar: 3-Methyl-1-
butanol, Methanethiol, ve Butanediol gibi ugucu
bilegenlerin sedir agaclarinda fungal etmenlerden S.

cardinale, tath patateste Ceratocystis fimbriata, tiitin
bitkisinde FE. caratovoraya karsi ylksek diizeyde
antifungal ve antibakteriyel etkinlik gosterdigi,
Arabidopsis thaliana bitkiseinde ise kurakliga kars:
bitkinin dayanikliligin artirdig: bildirilmistir (Han ve
ark., 2006; Cho ve ark., 2008; Zhang ve ark., 2019; Raio
ve ark., 2020). Benzer sekilde, farkli Bacillus spp. ait
antagonist izolatlar tarafindan tiretilen u¢ucu organik
metabolitlerin yapilan in vitrove in vivotestlerle farklh
bitkilerinde hastalik etmeni olan Fusarium spp. karsi
antifungal etkiye sahip olduklar: bildirilmistir (Khalaf
ve Raizada, 2018; Baez-Vallejo ve ark., 2020; Toloza-
Moreno ve ark., 2020; Ezrari ve ark., 2021).

YGT25en

. / YGMS82ep YGT22en

Sekil 5. Farkli antagonist bakteri izolatlarin ait ucgucu bilegsenlerin fungal etmenlerin misel gelisimi {izerine
antagonistik etkinlikleri. (A) Kapali ikili kiiltiir testinde st petri kapaginda bakteri, (B) alt kapaktaki
besiyerinde ugucu bilesenlere maruz kalmig fungal etmenlerin misel gelisimi (ok).

Figure 5. Antagonistic activity of volatile components produced by different antagonist bacterial isolates on
mycelial growth of fungal agents. Mycelial growth of fungal agents (arrow) exposed to bacterial isolates
in the upper petri dish (A) and volatile components in the lower dish in a closed dual culture test (B).

SONUC ve ONERILER

Saglikli turuncgil agaclarinin kok, goévde, slirglin ve
meyvelerinde 1izole edilen endofit ve epifit BCA
izolatlarinin Colletotrichum gloeosporioides,
Geotrichum citri-aurantii ve Fusarium solaniye karsi
antifungal etkinliginin yamisira, BCA izolatlarin
antagonistik ve bitki gelisimini tegvik eden olas1 bazi
mekanizmalar: yapilan ¢aligmalarla ortaya
konulmustur. Test edilen bakteri izolatlarinin sahip
olduklar1 antagonistik ve bitki gelisimini tesvik eden
mekanizmalar1 degerlendirildiginde Bacillus ve baz
Pseudomonas spp. ait BCA izolatlarin oldukca etkili
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oldugu gorilmiistiir. Izolatlarin test edildikleri
mekanizmalardaki etkinlikleri tiirlere veya izolatlara
bagh degisiklik gostermistir. Antagonistik etkinligi
yiksek olan izolatlarin  gOstermis  olduklar
biyoetkinliklerinde  birden  fazla  antagonistik
mekanizmalarin oynadig1 tespit edilmigtir.
Gelecekte bitki hastaliklariyla miicadelede
biyopreparat ve/veya biyogibre olarak kullanilacak
ticari tarimsal Uriinde yuksek etkinlik gosteren bu
izolatlarin karigim halinde biyoformiile edilmesinin en
uygun segenek oldugu degerlendirilmigtir.
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Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catismasi olmadigini beyan ederler.
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Bu calisma Hatay Mustafa Kemal Universitesi
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ABSTRACT Entomology

In this study, the mortality effect of two Beauveria bassiana and two

Purpureocillium Ililacinum isolates on the 4th stage nymphs of Palemona Research Article
prassiana was determined. The most lethal isolate was formulated as

wettable powder and tested on the pest. Furthermore, Y-tube Article History
olfactometry tests were conducted to detect behavioral response of the Received 124.01.2024
nymphs in presence of the fungus. All the experiments were carried out Accepted 115.05.2024
under controlled conditions. The mortality varied depending on the

isolates between 28.51% and 82.14% on the 12th day. Beauveria bassiana Keywords

FAI-38 caused the highest mortality (82.14% at 1x108 conidia ml!) with Hazelnut

LCs0 and LTs0 estimations of 3.3x10¢ conidia ml! and 8.4 days, Green shield bug

Insect behaviour
Microbial control
Cordysipitaceae

respectively. According to data taken 6 and 12 days after application, the
wettable powder formulation was found to be significantly more effective
(89.65% at 1x107 conidia ml!, LTs0 6.08 days). According to the Y-tube
olfactometry tests, the nymphs exhibited avoidance from unformulated
B. bassiana spores; however, once the spores were formulated as wettable
powder, the behavior of the insects changed to neutral. It is concluded
that Beauveria bassiana FAI-38 presents a potential as a control agent,
and the wettable powder formulation of the fungus improves its
effectiveness by increasing mortality and removing repellency effect of
the fungal spores.

Beauveria bassiana ve Purpureocillium Ililacinum Izolatlarinin Palemona prasina (Hemiptera:
Pentatomidae) Nimflerine Oliim Etkisi ve Islanabilir Toz Formulasyonun Etkinligi

ABSTRACT Entomoloji

Bu calismada, Palemona prassiananmn dordinci donem nimflerine iki

Beauveria bassiana ve iki Purpureocillium lilacinum izolatinin élumcul Aragtirma Makalesi
etkileri belirlenmis, en yiksek 6lim etkisi gosteren izolatin bir . .
1slanabilir toz formiilasyonu hazirlanarak test edilmistir. Ayrica, Makale T.ar'lh(;e‘s1
zararlinin fungusa gosterdigi davranis tepkisi Y-tiipi olfaktometre Gelis Tarﬂ'n. ) 24.01.2024
testleri ile ortaya konmustur. Tim denemeler kontrollii sartlar altinda Kabul Tarihi  :15.05.2024
gerceklestirilmistir. Oliim oranlar: izolata bagh olarak 12. giinde %28.51 Anahtar Kelimeler

ile %82.14 arasinda farkhlik géstermistir. En yiksek 6lim orani Findik

Beauveria bassiana FAI-38 izolatinda gézlenmistir (1x108 konidi/ml
konsantrasyonda %82.14) ve LCso, LTs0 degerleri sirasiyla 3.3x106
konidi/ml ve 8.4 giin olarak hesaplanmigtir. Uygulamadan 6 ve 12 giin
sonra alinan verilere gore, 1slanabilir toz formiilasyonu 6nemli derecede
daha etkili bulunmustur (1x107 konidi ml'"’de %89.65, LT50 6.08 giin). Y-
tupl olfaktometre testlerine gore, nimfler, formile edilmemis B.
bassiana sporlarindan uzaklagma tepkisi sergilemistir. Fungus sporlar
1slanabilir toz olarak formile edildiginde bocekler herhangi bir davranis
gostermemiglerdir. Beauveria bassiana FAI-38in miicadele etmeni
olarak potansiyel gosterdigi; 6lim oranimi artirmasi ve sporlarin
uzaklasgtiric1 etkisini ortadan kaldirmasi nedeniyle 1slanabilir toz
formiilasyonun fungusun etkinligini gelistirdigi sonucuna varilmigtir.

Findik yesil kokarcasi
Bocek davranigi
Mikrobiyal kontrol
Cordysipitaceae
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INTRODUCTION

Green shield bug, Palomena prasina L. (Hemiptera:
Pentatomidae) is an important pest of hazelnuts
causing yield and quality losses in Turkey and other
hazelnut-producing countries. Exporters' associations
complain about poor quality kernels mostly due to
green shield bugs. This pest causes yield reduction and
reduced quality (shriveled and/or spotted kernels) (Ak
et al, 2017), the latter of which becomes quite
significant, especially for those produced for export
(Kurt, 1975). Currently, two pesticide applications are
required to control this pest in hazelnut orchards in
Turkey. The first is in the second half of April against
overwintered adults, and the second one in the first
half of July if the nymphs are detected in orchards.
Unfortunately, the only available control method for
this pest is spraying chemical insecticides. Appropriate
selection of plant protection products is of great
1mportance because the second application is very close
to harvest imposing risks for chemical residues in
export products. Besides, although chemical
insecticides are effective, concerns about their negative
side effects on the environment and people directed
researchers to seek alternatives suitable for
sustainable agriculture, organic farming, and
protecting biological diversity. As an alternative
approach, biological control has been used or evaluated
for various insect pests. It 1s considered to be
widespread all over the world in the future due to pest
resistance to effective chemicals, difficulties in
developing new ones, public concerns about food safety
and genetically modified agricultural products, and
increasing demand for organic products (Birisik, 2015).
The International Organization for Biological Control
(IOBC) estimated that the share of biological control
products in the total plant protection product market
will be 30-35% in 2050. Today, around 800 chemical
agents are widely used in the world to control pest
organisms.

There are a few studies on the biological control of
hazelnut green shield bug using entomopathogenic
fungi. Erper et al. (2016) tested isolates of Beauveria
bassiana, Isaria fumosorosea, Simplicillium
lamellicola, Lecanicillium muscarium to the nymphs in
controlled conditions, and found that the B. bassiana
and one L. muscarium were the most virulent with 95
and 98% mortality, respectively, in 12 days. Ozdemir
(2021) obtained even higher mortalities in a shorter
time using isolates from seven species including B.
bassiana, B. pseudobassiana, I. fumosorosea. Yigit
(2022) applied B. bassiana, Metarhizium anisopliae
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and I fumosorosea against nymphs and adults under
controlled conditions and in the field. They found one
of the B. bassiana isolates as the most promising. The
isolate caused 75-80% mortality in 14 days in field
trials. Studies were conducted under controlled
conditions with the exception of a field trial by Yigit
(2022), where fungal spores were applied without
formulating. For the success of B. bassiana
applications, the fungus should have persistence on
foliage as much as high pathogenicity to the targeted
pest. Once a potential entomopathogenic fungus is
obtained, formulation of the fungus can help to fulfill
this requirement with an even higher potency as a
biological control agent. There are studies on testing
formulated entomopathogenic fungi on other pest
species in the family Pentatomidae. Parker et al.
(2015) used wettable powder and emulsifiable
suspension formulations of B. bassiana against
nymphs of brown marmored sting bug, wettable
powder formulation being more efficacious. Sosa-
Gomez et al (1998) tested kaolin-based powder
formulations of M. anisopliae and B. bassiana for the
control of Nezara viridula, Piezodorus guildinii, and
FEuschistus heros in soybean plots.

One other issue for the success of a fungus is concerned
with the behavior of the pest insect towards the fungus
to be applied. For infection to occur, the fungus should
come in contact with the insect’s body during its
foraging activity. Recognition of the pathogen and
avoidance by the insect can hinder the success of the
application of the fungus as a biological control agent
(Dogan et al.,, 2017). The level of such behavioral
response was found to depend on insect-fungus
interaction and spore concentration (Incir, 2018). It is
mostly demonstrated that insects show avoidance from
entomopathogenic fungi (Baverstock et al., 2010; Wei
et al., 2020; Avery et al., 2021; Daisy 2022; Geedi et al.,
2022). However, fungal spores mixed with some
compounds or ingredients for combined applications or
to formulate the spores did not induce such avoidance
behavior (Wang & Powell 2004; Fernandez-Grandon et
al. 2020). Therefore, formulating entomopathogenic
fungi at appropriate concentrations can increase the
efficacy (Wang & Powell, 2004.

In this study, a potential entomopathogenic fungus
was selected amongst isolates obtained from hazelnut
green shield bugs, and it was formulated for higher
pathogenicity. The avoidance behavior of the pest was
also tested for its suitability for later field applications.
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MATERIAL and METHODS
Insect Culture

Overwintered Palomena prasina adults were collected
from hazelnut orchards to start a culture. Adults were
maintained at 25+2°C and 75+5% relative humidity in
16:8 (L:D) photoperiod in a climate room. To obtain
their eggs, food, water, and filter paper were placed
inside glass jars. Beans that were grown in a
greenhouse in the hazelnut research institution were
used as food. Before using the beans were cleaned by
dipping in 3% sodium bicarbonate solution for 5
minutes. As a supplement, 5-10 pieces of unsalted
sunflower seeds or half a slice of apple were also
provided. The green beans, apples, and water were
changed every other day, while sunflower seeds were
changed every 4-5 days. Egg clusters were transferred
to a 150 ml plastic cup and the insect-rearing room was
kept until hatching. Once they reached the second
stage, the nymphs were provided with water and green
beans. The nymphs at the 4th stage were used in the
experiments.

Fungi

In this study, two Beauveria bassiana and two
Purpureocillium Iilacinum isolates were tested to
evaluate their pathogenicity against P. prasina. The
fungi were previously isolated from Palomena prasina
adults and identified with morphological and
molecular studies (unpublished data). B. bassiana
FAI38 and FAI22 were isolated from hosts collected
from the Central District of Giresun Province and
Pergsembe District of Ordu Province, respectively. P.
lilacinum FAI1 and FAI70 were obtained from hosts
gathered from the Central District of Giresun Province
and Gulyali District of Ordu Province, respectively.

Preparing conidial suspensions

First, the fungi were inoculated on PDA and kept in
the dark at 26+2 °C for 4 weeks. The conidia on the
surface were collected with a sterile polystyrene
spreader within 0.02% tween80 solution. This
suspension was passed through sterile gauze after
vortexing and the concentration was determined by
using a hemocytometer. The density was adjusted by
diluting to the concentration to be used in the test.
Conidia viability was determined by germination test.
100 pl suspension prepared at 1X105 conidia ml! was
spread on 1.5% aqueous agar and incubated in a closed
Petri dish at 26+2°C in the dark for 24 hours. During
examination under a light microscope, conidia with
germ tubes equal to or longer than spore length or
diameter were considered germinated.

Fungus Screening Bioassay

Each experimental unit was set by using two 155 ml
plastic cups, one upside down on top of the other one,
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forming 310 ml space for the insects. The bottom of the
cup on the top was cut off and covered with tulle for
aeration prior to the setup. In each experimental unit,
a piece of twig with a three-leaved fruit peel was used
as nutrition for the insects and 10 ml of distilled water
was added to keep the plant alive. The husk fruits with
leaves were collected from hazelnut trees where foliar
plant protection products had not been applied in
Giresun Hazelnut Research Institute. In order to keep
the coniferous leaf fresh, 1 mm was cut from the petiole
every other day. Ten 4th instar hazelnut green shield
bug nymphs were placed in each unit. Two ml conidial
suspension (1x108 conidia ml1) of designated fungus
was applied to the nymphs by a hand sprayer. The
nymphs in control units were sprayed with sterile
%0.02 tween80 without fungal spores. The experiment
had three replications and was carried out at 26+2 °C
temperature, 75+5% relative humidity in a climate
cabinet with 16 h light / 8 h dark photoperiod. The
insects were checked on the 6th and 12tk days, dead
insects were counted, recorded, and removed from the
experimental units. The Abbott formula was used to
arrange the control measurements. The arcsine
transformation was applied to the mortality rates.
They were subjected to one-way ANOVA and Duncan
multiple comparison tests using IBM SPSS statistics
23 program.

Preparation and efficacy of Beauveria bassiana FAI38
Formulation

A wettable powder formulation of Beauveria bassiana
FAI38 was prepared and tested against P. prasina. The
fungus conidia were obtained using the solid
fermentation method described by Baris & Er (2021).
Rice was used as a substrate for the fermentation
process. The spores obtained in powder form were
stored at +4 °C until the formulation was prepared.
The formulation included 68% rice flour, 20% conidia
(4x1011  conidia kg1, and 12% adjuvants and
surfactant. The formulation was used at the ratio of 2.5
gr per 1 1t water for applications. The experiment was
conducted and the data were analyzed as described
above for Fungus Screening Bioassays. The
formulation was used at the above-mentioned ratio
(1X) and its 10-fold (10X) together with two
corresponding concentrations (1x106 and 1X107 conidia
ml1) of the fungal conidia without formulating for
comparison. The nymphs in control units were sprayed
with %0.02 tween, sterile distilled water, and without
fungal spores. The insects were checked on 6th and 12th
days, dead insects were counted, recorded, and
removed from the experimental units. An additional
experiment was carried out to calculate the LT5so0 of the
formulation for 10X application according to the
method described above for the estimation of LTso
value of unformulated spores.
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Olfactometer Bioassays

In order to determine the behavioral response of P.
prasina nymphs to the presence of B. bassiana spores,
four sets of Y-tube olfactometry tests were carried out.
In each test, the insects were presented with two
choices of food (3 fruit husks and one hazelnut leaf)
with different treatments. All the treatments were
achieved by spraying 2 ml of designated suspension
onto the food while the controls received the same
amount of %0.02 tween and distilled water. Four sets
of Y-tube olfactometry tests were (1) unformulated
FAI-38 spores vs control, (2) FAI-38 formulation vs
control, (3) FAI-38 formulation vs formulation
ingredients without spores, and (4) unformulated FAI-
38 vs FAI-38 formulation. Unformulated spores were
applied at 1xX108 conidia ml?! concentration and the
formulation at 10X application ratios.

The lengths of the main arm and the side arms of the
olfactometer were 10 cm and 24 cm, respectively. It
was made of glass with 0.4 cm thickness. The air
pressure was kept constant and was monitored with
barometers connected to the entrance and exit of the
olfactometer. The air was cleaned before entering the
olfactometer by passing it through a glass balloon
containing activated charcoal and then through a
microfilter. The experiment was conducted under
constant light at 26+2 °C temperature in a room.
Between each trial, the Y-tube olfactometer assembly
was cleaned with acetone, washed with distilled water,
and dried in an oven at 150 °C for 40 minutes. In each
test, thirty 4th instar nymphs were used individually.
The nymphs were kept without food for 10 hours prior
to the tests. Fifteen minutes were given for each insect
to choose one of two arms after placing the insect at the
entrance. Those that moved at least 5 cm into one arm
were considered to make a decision. When an
individual did not enter either of the arms before the
end of the period, it was considered with no choice.
Each experiment was repeated after the choices were
replaced on opposite arms of the Y-tube olfactometer to
eliminate any possible effects of the placement.

The chi-square test was applied to data once the
preferences. The t-test was used to determine whether
changing places of choice in the olfactometer makes a
difference.

RESULTS and DISCUSSION

For fungus screening test, two Beauveria bassiana and
two Purpureocillium lilacinum isolates were tested
against 4th instar hazelnut green shield bug nymphs.
Mortality data 6 and 12 days after treatment are
presented in Figure 1.

Variation amongst 6 days post-treatment mortalities
were statistically insignificant except for P. lilacinum
FAI-1 causing lower nymph mortality than the rest.
The mortality rate at the end of the 12th day varied
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between 28.51% and 82.14%. Beauveria bassiana FAI-
38 provided the highest mortality 1X108 conidia ml!
(82.14%) while the other isolates resulted in
significantly lower nymphal mortalities. Therefore, B.
bassiana FAI-38 was chosen as the most promising
isolate and used in later experiments. Additionally, the
mortality effect of B. bassiana FAI-38 was investigated
further by concentration and time dependent probit
analyses. Probit line equation for concentration-
mortality relation was y=-4.434+0.680x (Figure 2) with
LCs0, LCo5 estimations of 3.3%X1086 conidia/ml (95% c.i.:
1x106 — 8.53x106) and 8.66x109 conidia ml'! (95% c.i.:
2.18x108 — 9.61x109), respectively. The equation for
time-mortality relation was y=-2.039+0.243x (Figure
3) with LT50 and LTes values 8.403 days (95% c.i.: 7.781
—9.117) and 15.183 days (95% c.i.: 13.750 — 17.280),
respectively.

Erper et al. (2016) achieved 95% nymphal mortality at
the end of the 12th day in an experiment where they
applied B. bassiana at 1X108 conidia ml! concentration
at 25°C temperature and 90+5% relative humidity.
Ozdemir (2021), Yigit (2022) reached up to 100%
mortality at the end of the 14 days after spraying B.
bassiana at 1X108 conidia ml?! at 25°C temperature.
Since Ozdemir (2021) carried the experiment in sealed
petri dishes and Yigit (2022) in closed cups, the air
humidity was most likely to be rather high favoring
initiation of fungal infection faster and by more spores.
Similarly, the experiment of Erper et al. (2016) was
conducted at high ambient humidity. Ambient
temperature and humidity, ventilation, light, air and
the condition of the host itself have important effects
on the pathogenicity of entomopathogenic fungi
(Padmini & Padmaja, 2010). As many Beauveria
isolates show host specificity (Thakur & Sandhu,
2010), at least some of the differences in mortality
levels could be due to the isolates themselves.

The wettable powder formulation of B. bassiana FAI38
was tested against P. prasina nymphs at 1X and 10X
and the results are given in Figure 4 along with the
results of corresponding unformulated concentrations
of the spores. Variation in mortality was significant.
The efficacy of the formulations was significantly
higher than their corresponding unformulated conidia
treatments both on the 6th and 12th days post
application. The formulation at 1X delivered
statistically the same result with 10 fold unformulated
conidia, indicating a requirement of about 10-fold less
conidia with formulation to reach the same mortality
level. The equation for the time-mortality relation was
y=-1.139+0.187x (Figure 5) with LTs0 and LTys values
6.076 days (95% c.i.: 5.287 — 6.825) and 14.849 days
(95% c.i.: 13.131 — 17.518), respectively. Both LTs0 and
LT9s values for formulation were lower than those for
unformulated conidia even though unformulated
conidia were used at higher spore concentration (10X
formulation application corresponds to 1x107 conidia
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ml!, unformulated spore concentration was 1x108
conidia ml'1). While the confidence intervals of the LTos
values coincide, the confidence intervals for the LTso0

100
90 A
80 I

50
40
30 a

5o -
13 -

Mortality %

FAI-38 (Beauveria FAI-22 (Beauveria
bassiana) bassiana)

M 6th day

70 B
60 I

values are well separated, showing faster effect of the
formulation comparing to unformulated conidia.

B
1

a C

T I

. b
FAI-70 FAI-1 (Purpureocillium

(Purpureocillium lilacinum)

lilacinum)
Isolate
12th day

Figure 1. Corrected mortality of Palomena prasina nymphs after application of entomopathogenic fungi at the concentration of
1x108 conidia/ml (Data were subjected to Abbott’s correction formula; control mortalities were 0-6,66%, one-way
ANOVA was applied to the data and the differences between treatments were determined by Duncan test (n=3), error
bars indicate standard errors, different letters within each time indicate statistically important differences, 6th day:
F3,8=13.383 P=0.002 and 12th day: F3,8=31.374 P=0.000).

Sekil 1. Entomopatojen fungus izolatlarinin 1x10° konidi ml?! konsantrasyonda uygulandiktan sonra Palemona prasina
nimflerinin diizeltilmis 6liim oranlar: (Verilere Abbott'un diizeltme formiiliine uygulanmistir; kontrol éliimleri %0-
6,66 arasinda degismektedir, verilere tek yonlii ANOVA uygulanmis ve uygulamalar arasindaki farklar Duncan testi
ile belirlenmistir (n=3), hata ¢ubuklar: standart hatalar: gostermektedir, ayni giindeki farkli harfler istatistiksel
olarak énemli farkhiiklar: gostermektedir, 6th day: F3,8=15.383 P=0.002 and 12th day: F3,8=531.574 P=0.000)

IS
{ X J

Probit mortality

3 4 5 6

y=-4.434 + 0.680x

7 8 9 10

log concentration

Figure 2. Concentration-dependent mortality of Palomena prasina nymphs 12 days after Beauveria bassiana FAI-38

applications

Sekil 2. Beauveria bassiana FAI-38 uygulamalarindan 12 giin sonra Palomena prasina nimflerinin konsantrasyona bagl

oltimleri
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Figure 3. Time-dependent mortality of Palomena prasina nymphs due to Beauveria bassiana FAI-38 application
at the concentration of 1x108 conidia ml1.

Sekil 3. 1x10°8 spor ml! konsantrasyonunda Beauveria bassiana FAI-38 uygulamasi sonrasinda Palomena prasina
nimflerinin zamana bagl oliimleri

100
A
90
80 B
70 T
< 60 a g
p= T
g 50 J_ C
o
S 40 b
30
20 i
0
6th day 12th day
Time After Application
B Formulation 10X Formulation X B Unformulated (1x107) ® Unformulated (1x106)

Figure 4. Mortality of Palomena prasina nymphs after application of WP formulation at 1X and 10X and two
corresponding concentrations (1x106 and 1x107 conidia ml'?) of the fungal conidia without formulating,
(Data were subjected to Abbott’s correction formula; error bars indicate standard errors control
mortalities: 0-3.33%, n=3, different lowercase and capital letters indicate statistical differences on the
6th and 12th days respectively according to Duncan multiple comparison test 6th day: F3,8=7.094
P=0.012 and 12th day: F3,8=23.743 P=0.000)

Sekil 4. Palomena prasina nimflerinin 1X ve 10X WP formiilasyonu ve konidinin formiilasyonsuz karsilik gelen iki
konsantrasyonu (1x106 ve 1x107 konidi ml-!) uygulanmasindan sonraki éliimleri. (Verilere Abbott'un
diizeltme formiiliine uygulanmistir; hata ¢ubuklar: standart hatalar1 gostermektedir,kontrol 6liimleri:
%0-3.33, n=3, Duncan ¢oklu karsilastirma testine gore farkl kiigiik ve biiylik harfler sirasiyla 6. ve 12.
glinlerdeki istatistiksel farkliliklar1 gostermektedir, 6th day: F3,8=7.094 P=0.012 and 12th day-
F3,8=23.743 P=0.000)
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Figure 5. Time-dependent mortality of Palomena prasina nymphs due to applications of Beauveria bassiana FAI-
38 WP formulation at 10X
Sekil 5. Beauveria bassiana FAI-38 WP formiilasyonunun 10X uygulamasi sonucu Palomena prasina nimflerinin
zamana bagh oliimleri

Unformulated
FAI 38 Spores

Control

FAI-38 WP Formulation

— Control

Unformulated
FAI 38 Spores

FAI-38 WP Formulation

FAI-38 WP Formulation dients without spores

-80% -60% -40% -20% 0% 20% 40% 60% 80%
CHOICE %

Figure 6. Results of the Y-tube olfactometer bioassays showing the behavioral response of Palomena prasina
nymphs to the presence of Beauveria bassiana conidia (Formulations were used at 10X and
unformulated spores at 1X107 spores ml! concentration)

Sekil 6. Palomena prasina nimflerinin Beauveria bassiana sporlarina karsi davranissal tepkisini gosteren Y tiipii

olfaktometre testlerinin sonuglari (Formiilasyon 10X ve formiile edilmemis spor I1x107 spor ml!
konsantrasyonunda kullanilmistir)
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Formulation of B. bassiana has not been tested before
on P. prasina; therefore, there are not any records to
compare these results. However, there are few studies
on formulated entomopathogenic fungi against other
pest species in the family Pentatomidae. Parker et al.
(2015) tested two formulations (wettable powder and
emulsifiable suspension) of B. bassiana against the
brown marmorated stink bug, Halyomorpha halys.
They found both formulations effective at 1x107
conidia ml'! with 67-80% and 95-100% mortality 9 and
12 days post treatment, respectively. The wettable
powder formulation was concluded as slightly more
efficacious. Kaolin powder formulations of B. bassiana
and M. anisopliae were used against three species of
stink bugs (Nezara viridula (L.), Euschistus heros (F.)
and Piezodorus guildinii (Westwood)) by Sosa-Gomez
et al (1998). M. anisopliae formulation was found
better and the LTs0 value was 4.3+0.2 days for P.
guildinii, 4.6+0.2 days for N. viridula and 7.4 + 0.5 days
for E. heros. In field trials, up to 48% mortality was
recorded.

Behavioral responses of P. prasina nymphs in Y-tube
olfactometer tests are presented in Figure 6. When one
of the choices was unformulated spores, significantly
more nymphs preferred the alternative choice. In one
test the preferred alternative was control (39 nymphs
vs 19 nymphs; no choice=2 nymphs; X2= 6.897,
P=0.009), indication of avoidance from fungal spores.
In another test, the alternative to unformulated spores
was FAI-38 formulation, and the nymphs still showed
avoidance and preferred the formulation (45 nymphs
vs 14 nymphs; no choise=1 nymph X2=16.288,
P=0.000). The nymphs did not show a significant
preference between FAI-38 formulation (30 nymphs)
and control (29 nymphs) (no choice=1 nymhps; X2=
0.017, P=0.8960), demonstrating that the nymphs
stopped avoiding the spores when formulated.
Preferences between FAI-38 formulation (26 nymphs)
and formulation ingredients without spores (21
nymphs) were not significantly different either (no
choice=13 nymphs; X2= 0.532, P=0.466). Changing the
places of two choices in Y-tube olfactometer in all four
tests did not cause significant change in the
preferences [unformulated FAI-38 spores vs control
(t=0.271, P=0.849), FAI-38 formulation vs control
(t=13.024, P=0.646), TFAI-38 formulation vs
formulation ingredients without spores (t=1.103,
P=0.646), unformulated FAI-38 vs FAI-38 formulation
(t=0.302, P=0.533)].

It is quite commonly reported that insects can
recognize and stay away from entomopathogenic fungi
(Baverstock et al., 2010; Wei et al., 2020; Avery et al.,
2021; Geedi et al.,, 2022; Daisy, 2022). A similar
reaction was evident from the results when P. prasina
nymphs were set to choose between unformulated
spores and control. However, such reaction was not
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seen when the choices were FAI-38 formulation and
control. Similar phenomenon was reported previously.
Wang & Powell (2004) demonstrated that
Reticulitermes flavipes and Coptotermes formosanus
(Isoptera: Rhinotermitidae) avoided M. anisopliae
conidia but its bait formulation did not repel the
insects. Fernandez-Grandon et al. (2020) showed that
Aphidius colemaniwas deterred by plants treated with
M. anisopliae but not by plants treated with a
combination of M. anisopliae and pyrethrum.

CONCLUSION

This study shows that Beauveria bassiana FAI-38
provides a high level of P. prasina nymphal mortality
comparable to those in literature, presenting the
potential for further studies for developing as a control
agent. Furthermore, formulating B. bassiana FAI-38
as wettable powder increases and accelerates the
mortality with an additional advantage of removing
the avoidance reaction of P. prasina nymphs.
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OZET Bitki Koruma
Bu calismada, Hatay ilinde turuncggil bahgelerinde meyve dékiimiine )
neden olan fungal etmenlerin belirlenmesi ve bu patojenlere karsi bor Aragtirma Makalesi

bilesikleri ve pirolignéz asitin (PA) in wvitro antifungal etkileri ; ;
arastirnlmistir. Hatay’'in Erzin, Dortyol, Arsuz ve Samandag il¢elerinde Makale T'ar.lh(;e‘s1

yer alan portakal, mandarin, limon, greyfurt bahgelerinde yere dokilen Gelis Tan}.n. ) 23.03.2024
meyvelerden toplam 30 adet izolat elde edilmigtir. Elde edilen Kabul Tarihi  ©11.06.2024
izolatlardan PDA besi yerinde hastalik izolasyonu yapilmistir. Sonra bu
1zolatlardan mikroskop incelemeleri, DNA izolasyonu, PCR ve
sekanslama ¢aligsmalari ile teghisleri yapilmistir. Morfolojik ve molekiiler Alternatif miicadele
tanilama c¢alismalari sonucunda Fusarium oxysporum, Alternaria Meyve dokiimii
alternata, Colletotrichum gloeosporioides, C. karsti, Diaporthe i et ke
foeniculina meyve dokumlerinden sorumlu hastalik etmenleri olarak
teshis edilmistir. Yapilan patojenisite denemeleri sonucunda tim fungal
izolatlar patojen olarak belirlenmigtir. Elde edilen fungal etmenler
igerisinde en yiiksek virtlenslik %92.6-88.9 ile Colletotrichum spp.,
tarafindan gosterilmis olup bu tiirleri %66.7 ile D. foeniculina, %55.6 ile
F. oxysporum ve %44.4 ile A. alternata tiirleri takip etmigstir. Bor
bilesikleri ve PA'min farkl konsantrasyonlari (%0.03, 0.05, 0.07, 0.09, 0.1,
0.12, 0.15, 0.3, 0.5, 0.7,1.0,1.5; w/v) elde edilen 5 fungal patojen izolatin
misel gelisimi ve konidi ¢gimlenmesi tizerindeki antifungal etkileri in vitro
kogullarda arastirilmigtir. Fungal tiirlerin miseliyal gelisimi, farkh
dozlarda borik asit (%0.12), boraks (%0.1), etidot-67 (%0.1) ve PA (%1.5)
uygulamalar: tarafindan tamamen engellenmistir. Ote yandan borik asit
(%0.15), boraks (%0.12), Etidot-67 (%0.12) ve PA (%1.5) uygulamalar,
izolatlarin konidi ¢cimlenmesini 6nemli 6l¢tide engellemistir. Elde edilen
fungal turlere karst ECso degerleri, misel gelisimi i¢in %0.059-0.69 ve
konidi ¢imlenme i¢in %0.065-0.82 arasinda bulunmustur. Bu c¢aligsma,
Turkiye’de turuncgil meyve dokiimlerine neden olan fungal hastalik
etmenlerine karsi bor bilesikleri ve PAmin antifungal etkinligini
arastiran ilk ¢caligmadir.

Anahtar Kelimeler
Citrus

Pirolignoz asit

Identification of Fungal Pathogens Causing Fruit Drop in Citrus Orchards and Antifungal Effects of
Some Compounds

ABSTRACT Plant Protection
This study identified the fungal agents causing fruit drop in citrus
orchards in Hatay province and investigated the in vitro antifungal
effects of boron compounds and pyroligneous acid (PA) against these
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pathogens. Thirty isolates were obtained from orange, mandarin, lemon, Received : 93.03.2024

and grapefruit orchards in the Erzin, Dortyol, Arsuz, and Samandag Accepted £ 11.06.2024
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districts of Hatay. Pathogen isolation was performed on the PDA

medium. The isolates were then identified through microscopic Keywords

examinations, DNA 1isolation, PCR, and sequencing studies. Citrus

Morphological and molecular identification revealed Fusarium Alternative control
oxysporum, Alternaria alternata, Colletotrichum gloeosporioides, Fruit drop

Colletotrichum karsti, and Diaporthe foeniculina as the disease agents Boron compounds

responsible for fruit drop. Pathogenicity tests confirmed all isolates as Pyroligneous acid



KSU Tarim ve Doga Derg 27 (6), 1401-1413, 2024
KSU J. Agric Nat 27 (6), 1401-1413, 2024

Arastirma Makalesi
Research Article

pathogenic. Colletotrichum spp. exhibited the highest virulence with
92.6-88.9%, followed by D. foeniculina at 66.7%, F. oxysporum at 55.6%,
and A. alternata at 44.4%. The antifungal effects of boron compounds and
various concentrations of PA (0.03%, 0.05%, 0.07%, 0.09%, 0.1%, 0.12%,
0.15%, 0.3%, 0.5%, 0.7%, 1.0%, 1.5%; w/v) on the mycelial growth and
conidial germination of five fungal pathogen isolates were investigated in
vitro. Mycelial growth was completely inhibited by boric acid (0.12%),
borax (0.1%), ethidote-67 (0.1%), and PA (1.5%). Additionally, boric acid
(0.15%), borax (0.12%), Etidot-67 (0.12%), and PA (1.5%) significantly
inhibited conidial germination. The ECso values for mycelial growth
ranged from 0.059% to 0.69%, and for conidial germination, from 0.065%
to 0.82%. This is the first study investigating the antifungal activity of
boron compounds and PA against fungal pathogens causing citrus fruit

drop in Tirkiye.

Ataf igin : Uysal, A. Kurt, S. Soylu, S., Kara, M. & Soylu E.M. (2024). Turuncgil Bahcelerinde Meyve Dékiimiine Neden
Olan Fungal Patojenlerin Tanis1 ve Baz1 Bilesiklerinin Antifungal Etkileri. KSU Tarim ve Doga Derg 27 (6) ,
1401-1413. DOI: 10.18016/ksutarimdoga.vi.1457700.
To Cite: Uysal, A. Kurt, S. Soylu, S., Kara, M. & Soylu E.M. (2024). Identification of Fungal Pathogens Causing Fruit
Drop in Citrus Orchards and Antifungal Effects of Some Compounds. KSU J. Agric Nat 27 (6) , 1401-1413.
DOI: 10.18016/ksutarimdoga.vi.1457700.
GIRIS 2021). Tiirkiye'de limonda meyve ciiriikliigiine neden

Turkiye'de tarim ve kirsal kalkinma planlarinda
stratejik bir tUrin olarak kabul edilen turuncgiller
(Citrus spp.), ekonomik ihracat degerleri ve yerel
tuketimleri goz oniine alindiginda, énemli bir meyve
grubunu olusturmaktadir (Uysal ve ark., 2022).
Turkiye turunggil lretiminin turlere goére dagilima,
%41’ 1 mandarin, % 28’ 1 portakal, %24’ i limon, %7’ si
altintop seklinde gercgeklesmigtir. Turkiye’de son
yillarda turuncgil tretimi, 2 milyon 311 bin ton
portakal, 2 milyon 953 bin ton mandarin, 2 milyon 325
bin ton limon, yaklasik 285 bin ton altintop ve 3 bin
500 ton turung olmak tizere yaklagik 7 milyon 878 bin
ton olarak kaydedilmigtir. Turuncggil meyve tiirlerinin
uretiminde bir onceki yila gore mandarinde %58.3,
portakalda %74.8 ve limonda %75.8 oraninda bir artig
saglanmistir (Anonim, 2023).

Turunggil Giretim alanlarinda verim, kalite ve ihracati
smirlayan en oOnemli faktorlerden Dbirisi, bitki
hastaliklarindan kaynaklanan ekonomik kayiplardir.
Dinya genelinde ve Tirkiye'de turunggil tretim
stirecinde, fungus ve fungus benzeri organizmalar
tarafindan olusturulan gesitli hastaliklar arasinda 6ne
cikanlar; kahverengi leke (Alternaria alternata f.sp.
citr)), uckurutan (Plenodomus tracheiphilus (Petri)
L.A. Gruyter, Aveskamp&Verkley.), kahverengi
ciriiklik ve govde zamklanmasi (Phytophthora
citrophthora (Smith and Smith) Leonian ve son
yillarda artan oneme sahip olan Colletotrichum
tirlerinin neden oldugu antraknoz hastaligidir
(Guarnaccia ve ark., 2017a; Avei, 2018; Uysal ve ark.,
2019; Uysal ve ark., 2022a). Son zamanlarda,
turunggillerde Diaporthaceae ve Botryosphaeriaceae
familyasinda yer alan tirlerin neden oldugu
sakizlanma, geriye dogru 6lim ve kanser hastaliklar:
on plana citkmakta ve ciddi aga¢ kayiplarinin yagandigi
bildirilmektedir (Batista ve ark., 2021; Bezerra ve ark.,
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olan Diaporthe foeniculinann ilk kaydi Tekiner ve
ark., (2020) tarafindan bildirmistir.

Turunggil agacglarinda meyve dékiimi hem i¢ hem de
dis bircok faktore bagl olarak gerceklesmektedir. Bu
faktorler arasinda  bliylime  diizenleyicilerinin
dengesizligi, hastalik ve zararlilar, asir1 sicak hava,
rizgar, su stresi, yuksek nem, sel vb. unsurlar
sayilabilir. Genel olarak turuncgil agaclar: ilkbaharda
bol ¢icek acarken, acan ciceklerin ¢ok azi meyveye
dontiismekte ve hasada kadar olgunluga erismektedir.
Meyveye dontuisen cigceklerin dokulmesi biiyimenin
farkli asamalarinda olugsmaktadir. Turunggilde
dokiimler ciceklenme sonrasi dokiim (i), Haziran
dokiimi (i), ve hasat 6ncesi dokimii (ii), olmak tizere
ti¢ farkli dénemde meydana gelmektedir (Sezer ve ark.,
2019).

Meyve dékiimii gigeklenmeden hemen sonra baglar ve
¢ok kiicik meyvelerin diismesine neden olur. Bu
dékimiin, asirl tutumdan kaynaklandigi
bilinmektedir. Bu meyve dékiimi ¢iceklenmeden aylar
sonra, haziran ayinda asiri meyve tutumu sirasinda
olusur. Toplam dokiim, meyvelerin yaklagsik yuzde
10'unu olusturmaktadir. iii) Olgunlasma o6ncesi ve
hasat oOncesi meyveleri igeren Uglinci dokim
neredeyse olgunlagmis ve hasat edilebilir meyvelerin
dokiilmesidir. Agustos ayindan olgunlagma O6ncesi
meyve dokimu olarak baglar ve hasat 6ncesine kadar
devam eder. Bu dokiim tretici i¢in ekonomik 6neme
sahiptir. Cinkd, bu dokiimde tamamen biylimis
meyveler dokilmekte ve agir kayiplara neden
olmaktadir (Bishnoi ve ark., 2023).

Dokiimlerin en 6nemli sebeplerinden  biri
patojenlerden kaynakli meyve dokiimi, genellikle
agustos ayinda baglar, hasada kadar devam eder ve
eylul ortasindan ekim ortasina kadar zirveye ulagir.
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Patojen kaynakli meyve dokilmesine, farkli fungal
etmenler sebep olmaktadir. Bunlardan bilinen en
yaygin olanlar1 Colletotrichum gloeosporioides, C.
karsti, Diplodia sp., Alternaria sp. ve Botrytis cinerea
tiirleri olarak bildirilmektedir (Rattanpal ve ark.,
2019).

Turunggillerin patolojik meyve dékiimiiniin
micadelesinde; hastalikli, 6li, c¢lriayen dallarin
cikarilarak agaclarin budanmasi1 sonrasi bordo

bulamaci veya bakir oksikloriir 50 WP (3g litre! su)
uygulamas1 ayrica, agaglardaki mumyalanmig
hastalik etmeni tasiyan meyvelerin toplanip topraga
gomiilerek imha edilmesi 6nerilmektedir (Rattanpal
ve ark., 2019; Uysal ve ark., 2022b).

Fungisitlerin insan ve c¢evre saghg tzerindeki
potansiyel olumsuz etkilerinin bilinmesi ve s6z konusu
sentetik fungisitlere karsi bitki fungal etmenlerinin
diren¢ gelistirme sorunu, bitki hastaliklarinin
yonetiminde daha guvenli, kalic1 ve c¢evre dostu
alternatiflerin  arastirilmasini  zorunlu kilmistir
(Conway ve ark., 2005).

Odunun kémire dontgturilmesinde kullanilan Retort
adi verilen firinlarda, proliz stirecinde ortaya c¢ikan
yan Urunlerden biri, ayni zamanda “odun sirkesi”
olarak da bilinen Pirolignéz asittir (Fengel & Wegener,
1984). Pirolignoz asit (PA), asetik asit, formik asit,
metanol, fenol, keton gibi 200’den fazla bilesik
icermektedir (Mu ve ark., 2003; Kadota & Nimii, 2004).
Son yillarda yapilan c¢alismalar ile PA'nin toprak
kalitesini iyilestirdigi, bitki biiylimesini diizenleyici
etkisinin bulundugu, hastalik ve zararlilar1 kontrol
ettigi bildirilmistir (Apai & Thongdeethae, 2002; Mu
ve ark., 2003; Chen ve ark., 2020; Uysal, 2024; Kara ve
ark., 2024). Bu iriiniin, Pythium sp., Rhizoctonia
solani, Fusarium oxysporum f.sp. Iycopersici, P.
aphanidermatum, S. homoeocarpa, Penicillium spp.,
Phytophthora capsici, (Numata ve ark., 1994),
Penicillium griseofulvum (Baimark & Niamsa, 2009);
Sclerotium oryzae, Helminthosporium maydis, R.
solani, Colletotrichum gloeosporioides Choanephora
cucurbitarum (Chalermsan & Peerapan, 2009);
Pestalotiopsis  microspore, F. oxysporum, R.
solanacearum (Baharom ve ark. 2020), 7rametes
versicolor, ~Fomitopsis palustris (Oramahi &
Yoshimura, 2013) ve Botrytis cinerea (Chen ve ark.
2020), gibi gesitli fungal etmenlere kars: etkili oldugu
bildirilmistir.

Pirolignéz asit, Uzakdogu Asya tilkelerinde temel
dogal tarim girdisi olarak hizla kabul gérmektedir.
Cevre dostu ve bitkilerde biiyimeyi tesvik eden bir
madde olarak kullanimai ile pek ¢ok fungal hastaliklara
kars1 biyosit olarak kullanilmasindan dolay: tarimsal
uretimde fungal hastaliklarla miicadelede pestisitlere
karsi alternatif olmasi 6nem arz etmektedir. Bunun
yaninda en oOnemli o6zelliklerinden biri, treticiler
acisindan kullanim kolayligi ve girdi maliyetinin
disiik olmas trtini cazip kilmaktadir.
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Bor, dogada her yerde bulunan, az miktarda bile olsa
bitki bliylimesini destekleyen ve eksikligi durumunda
bitkilerde c¢esitli belirtilere ve bozukluklara neden
olabilen temel bir mikro elementtir (Lieten, 2002; Shi
ve ark., 2011; Dibek ve ark., 2020). Tiirkiye, 3.3 milyon
tonluk tretimle diinyanin en yliksek bor rezervine
sahip olup, tlkemizi Rusya, Gliney Amerika ve ABD
takip etmektedir (Eti Maden, 2021). Bor bilesikleri
arasinda boraks veya sodyum tetraborat dekahidrat,
disodyum oktaborat tetrahidrat, borik asit, bor oksit,
bor karbiir, bor nitrir, bor triklorur, bor tribromiir ve
bor trifloriir (Tenmak-Boren) bulunmaktadir. Bor,
cesitli formlarda (borik asit, boraks, etidot vb.),
seftalilerde kahverengi ciiriikligin (M. Jaxa) neden
oldugu meyve ciiriikligii (Thomidis & Exadaktylo,
2010) ve nektarin gibi sert cekirdekli meyve tiirlerinde
fungal meyve hastaliklarina (Thomidis ve ark. 2015),
elmada mavi kiife neden olan Penicillium expansun’ a
(Erper ve ark. 2019a), kabaklarda kok ve kok bogazi
clrikligi olusturan K. solani ye (Erper ve ark.,
2019b), bor iiriinlerinin ve pirolignéz asit bilesiginin
kayis1 ve bademde ¢icek ve sirgin yamkligi etmeni
Monilinia laxa’ ya karsi etkili oldugu saptanmagtir
(Uysal, 2024).

Turkiye'de yetistirilen turuncgil agaclarinda zaman
zaman siddetli verim kayiplarina ve meyve
dékiimlerine sebep olan biyotik faktorler konusunda
yeterli arastirma bulunmamaktadir. Bu faktoérler
arasinda fungal enfeksiyonlara baglh meyve
dékiimlerinin nedeni ve etmenleri ile bunlarin ¢éztiimu
noktasinda yapilacak olan bir c¢alisma, kaliteli ve
verimli bir turunggil tiretimi i¢in kag¢inilmaz bir durum
arz etmektedir. Bu nedenle bu g¢aligmada, turunggil
uretim alanlarinda gozlenen patolojik meyve
dékiimlerine sebep olan fungal etmenler, morfolojik ve
molekiler yontemlerle belirlendikten sonra patojen
olan fungal tirler ile miicadelede alternatif
yontemlerden PA ve bor bilesiklerinin etkinlikleri in
vitro kosullarda arastiriimigtir.

MATERYAL ve METOD
Fungal izolatlar

Fungal 1zolasyon: Hatay’'in Erzin, Doértyol, Arsuz ve
Samandag ilgelerindeki turuncgil bahgelerindeki
portakal, mandarin ve altintop (greyfurt) tiirlerinde
Ekim-Kasim 2021 ve Mart-Agustos 2022 aylarinda
agaclar, ¢icek ve meyve dokiimleri yéniinden kontrol
edilerek toplam 30 meyve bahcesinde tesadifi
orneklemeler yapilmistir (Uysal ve ark., 2022).
Enfeksiyon nedeni ile olugsmus klorotik veya nekrotik
dokular1 igeren bitki pargalari, steril bir bistiiri ile
kesilmigtir. 1-2 mm biyikligindeki doku pargalari,
%75lik  ethanol igerisinde 1 dakika ylizey
dezenfeksiyonu yapilmistir (Uysal & Kurt, 2019). Bu
doku pargalari, steril distile suda calkalanip steril
kurutma  kagitlarinda  15-30 dk  kurumaya
birakilmistir. Kuruyan parcalar, genel besi ortami
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olan Patates Dekstroz Agar (PDA, Merck KGaA,
Darmstadt, Germany ) iceren Petri kaplarina (90 mm)
transfer edilmistir. Besi ortamlarina bakteriyel
bulasmalar1 énlemek icin streptomisin siilfat (100 pg
mL1) eklenmistir. Petri kaplari, 25°C’de 5 giin
boyunca inkiibe edilmis ve geligsen kolonilerden PDA
ortamina saflastirmalar yapilmistir (Uysal, 2019;
Uysal & Kurt, 2019; Kurt ve ark., 2020a).

Morfolojik tanilama: Morfolojik 6zellikler kullanilarak
hastaliklara neden oldugu distntlen fungal
izolatlarin 6n teshisleri yapilmigtir. Bu amagla,
inkiibasyondan 10 giin sonra koloni ézellikleri (misel
gelisiminin iist ve alt yiizeylerinin renkleri), biiytime
hizi (mm), konidiyal boyutlar ve PDA {izerindeki
pigment olusumlar: degerlendirilmistir (Guarnaccia &
Crous, 2017; Uysal ve ark., 2022; Guler Guney ve ark.,
2023; Soylu ve ark., 2024).

Molekiiler tanilama: Tek sporlu kulturlerden
geligtirilen temsili 10 izolatin 5-7 giinlikk fungus
kiiltiirlerinden QIAGEN DNeasy (50) Plant mini kit
(Qiagen Inc., Valencia, CA) kullanilarak genomik DNA
ekstraksiyonu yapilmigtir. Tum DNA ¢é6zeltilerinin
konsantrasyonlar1 Qubit 2.0 Florometre (Thermo
Fisher Scientific, Witham, MA, ABD) kullanilarak
belirlenmigtir. ITS-rDNA boélgesi, evrensel primerler
ITS1 (CTTGGTCATTTAGAGGAAGTAA) ve ITS4
(TCCTCCGCTTATTGATATGC) kullanilarak (White
ve ark., 1990; Soylu ve ark., 2024) termal doéngii
igslemleriyle desteklenmisgtir. PCR, 25 uLi reaksiyon
toplam hacmi, 1,25 U Taq DNA polimeraz (Thermo
Fisher Scientific), 5 uL 10x tampon, 0.5 uL 50 mM
MgCl, 0.75 ulL10 mM dNTP, her primerden 10 pmol,
10-20 ng genomik DNA ile gercgeklestirilmigtir.
Amplifikasyonlar 3 dak. stireyle 95°C, ardindan 30 sn.
streyle 95°C'lik 35 dongi, 55°C ve 72°C'de 1 dak.
streyle 45 sn. ve 10 dak. siireyle 72°C'lik son uzama
asamasl seklinde gergeklegtirilmigtir. PCR
urunlerinden gen dizilemesi yaptirilmig ve niikleotid
dizileri elde edilmigtir. Ttim diziler, standart niikleotid
Basic Local Alignment Search Tool (BLAST) programi
(Boratyn ve ark. 2013) kullanilarak National Centre
for Biotechnology Information (NCBI) tarafindan
alinan GenBank Niikleotid Veri Tabaninda saklanan
dizilerle kargilagtirilarak tar tanilar:
gerceklestirilmistir. Bu fungal izolatlar, Hatay
Mustafa Kemal Universitesi Bitki Saghg Klinigi
Uygulama ve Aragtirma Merkezi'nde kullanilincaya
kadar daha uzun sureli depolama igin gliserolli PDA
iceren 1.5 mL'lik tuplerde -80°C'de ¢ seri halinde
muhafaza edilmistir (Kurt ve ark., 2020b).

Patojenisite testleri

Fungal 1izolatlarin patojenisitesi igin, portakal
(washington cesidi) mandarin (satsuma cesidi) ve
limon (interdonato c¢esidi) meyveleri kullanilmistir.
Meyve dékiimiine neden oldugundan kuskulanilan
fungus tiirlerini temsil eden 5 izolat (MFo15, OAall,
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0Cg8, MCk6, LDf5), Hatay turuncgil bahcelerinden
toplanan meyveler, Aiello ve ark. (2015) ve Guarnaccia
ve ark. (2017)’dan uyarlanmis yara/damla yontemine
gére ve her bir izolat icin 9 meyve olacak sekilde
inokule edilmistir. Meyveler %70’lik etanole
daldirilarak dezenfekte edilmis ve iki kez steril suyla
durulanmigtir. Steril bir pipet ucu ile meyvelerin
ekvatoral bolgesinden 3 er adet (2-3 mm cap) yaralar
acilmistir. Fungal izolatlarin PDA ortaminda 25 °C'de
10 giin boyunca geligtirilen kiiltiirlerinden 1Xx 106
konidi mL?! konsantrasyonda spor silispansiyonu
hazirlanmigtir. Meyvedeki her bir inokiilasyon
noktasina, hazirlanan spor siispansiyonundan 10 pL
enjekte edilmigstir. Kontrol grubu meyvelere ise sadece
saf su uygulamas1 yapilmistir. Inokiile edilmis ve
kontrol meyveleri, plastik kaplara yerlestirilmis ve
plastik polietilen torbalar igerisinde inkiibe edilmigtir.
Hastalik degerlendirilmesi, inokiilasyondan 10 giin
sonra gercgeklestirilen hastalik degerlendirmelerinde,
her izolat i¢in enfekteli inokiilasyon noktalarinin
yiizdesi hesaplanmistir (Tekiner ve ark., 2020). Bu
yiizde deger [(%) = (enfekte olmus inokiilasyon
noktalar1 / inokiilasyon noktalar1) x %100] formiilii ile
degerlendirilmigtir

Bor ve PA bilegiklerinin fungal patojenlerin misel
geligimi tizerine etkileri

Bor bilesikleri (Borik asit- H3BOs, Boraks-disodyum
tetraborat dekahidrat- Na:B4O7.10H20 ve Etidot 67
disodyum oktaborat tetrahidrat- Na:BsO13.4H20) Eti
Maden isletmesinden temin edilmistir. PA (Pirolignéz
asit-odun sirkesi), okaliptiis agaci odunlarinin 450
°C'de  gazlastirma  teknolojisi ile firinlarda
yakilmasiyla biyokomir ve pirolignoéz asit trinleri
ozel bir firmadan (Diizce, Tiirkiye) temin edilmistir
(Uysal, 2024; Kara ve ark., 2024). Bor bilesikleri borik
asit, boraks-disodyum tetraborat dekahidrat, Etidot-
disodyum oktaborat tetrahidratin ve PA tekli ve
kombinasyon halinde farkli tir, lokasyon ve
konukguyu temsil eden fungal patojenlerin misel
gelisimi Uzerine etkileri, PDA besi yerinde in vitro
kogullardan incelenmigtir. Misel biyumesi cesitli
konsantrasyonlarda, borik asit (0.03, 0.05, 0.07, 0.1 ve
0.12 w/v), boraks (0.03, 0.05, 0.07, 0.09 ve 0.1), Etidot
(0.03, 0.05, 0.07, 0.09 ve 0.1 w/v), PA (0.3, 0.5, 0.7, 1.0,
1.2 ng.ml) (Spiegel & Stammler 2006; Hrusti¢ ve ark.
2018; Durak ve ark. 2021) ve BA+Borax (0.07+0.05)
BA+PA (0.08+0.8), Boraks+PA (0.05+0.8), Etidot+PA
(0.06+0.8) kombinasyonlarini iceren PDA besi yerinde
funguslarin  radyal biyimesinin o6l¢tilmesiyle
belirlenmistir (Uysal, 2024). Bu bilesikler, otoklav
edilmis ve 50°C'ye sogutulmus PDA ortamina
eklenmis ve Petri kaplarina (15x90mm) dékiilmiistiir.
Bilesik eklenmeyen PDA kontrol olarak kullanilmigtir.
PDA iizerinde 5 gin boyunca aktif olarak gelisen
fungus kolonilerinin kenarlarindan mantar delici
yardimiyla kesilerek cikarilan misel diskleri (5 mm
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capinda) yaklagsik 10 mL PDA iceren Petri kaplarinin
ortasina miseliyal kisim lste gelecek sekilde
yerlestirilmistir. Farkli fungal izolatlara ait olan
kulturler, karanlikta 25°C'de 7 -10 gin boyunca
inkiibe edilmigtir. Deneme her bir konsantrasyon ve
izolat kombinasyonu i¢in 3 tekerrir olusturulmus ve
her bir Petri kabi bir tekerriir olarak kabul edilmistir.
Denemeye alinan bilegiklerin etkinligini belirlemek
icin fungus kolonilerinin gelisim caplar1 (mm) cetvel
yardimiyla 6l¢ilmis ve aritmetik ortalamalar:
alinarak hesaplanmistir (Uysal, 2024).

Bor ve PA bilesiklerinin fungal patojenlerin konidiyal
¢imlenme iizerine etkileri

Ele alinan Bor ve PA bilesiklerinin fungal izolatlarin
konidiyal cimlenmesine etkileri, borik asit (0.05, 0.07,
0.1, 0.12 ve 0.15 w/v), boraks (0.05, 0.07, 0.09, 0.1 ve
0.12), Etidot (0.05, 0.07, 0.09, 0.1 ve 0.12 w/v), PA (0.5,
0.7,0.9, 1.2, 1.5 ng mL1) tekli ve BA+Borax (0.07+0.07)
BA+PA (0.09+0.8), Boraks+tPA (0.07+0.8), Etidot
67+PA (0.07+0.8) kombinasyonlarini iceren PDA
ortamindaki fungal konidi sayimlari yapilarak
belirlenmigtir. Bu amagcla, thoma lami kullanilarak 7-
10 glunlik kiltirlerden steril distile su i¢ginde 1x106
konidi ml?! konsantrasyonda spor siispansiyonu
hazirlanmigtir. Daha sonra farkl tirtinler igeren 5 mL
WA besi yerine 50 uL spor stispansiyonu aktarilmigtir.
Her bir uygulama, tekli ve kombinasyon halinde tli¢ kez

Sekil 1. Turnggil bahcelerinde gbzlenen meyve dokiimleri ve enfeksiyon belirtileri
Figure 1. Fruit drops and infection symptoms observed in the citrus orchards

Hatay ili Erzin, Doértyol, Arsuz ve Samandag
ilgelerinden hastalik belirtisi goésteren portakal,
mandarin, limon agaclarindan alinan meyve

orneklerinden toplam 30 izolat elde edilmistir. Ilgeler
bazinda incelendiginde, en fazla izolatin Dértyol (10
izolat)ve Arsuz (9 izolat)’da en az izolat Samandag (4
izolat)’da oldugu belirlenmistir. Bu izolatlardan 6’s1
cicek dékimlerinden 241 ise meyve dékiimlerinden
elde edilmistir (Cizelge 1). Ayrica hastalik etmeni
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tekrarlanmigtir. Fungal izolatlarin, 25°C'de karanlikta
20 saat inkiibasyondan sonra, konidiyal c¢imlenme
yiizdesi (her tedavi icin ortalama 100 konidi) 1s1k
mikroskobu (Nikon Eclipse Ni-U, Japonya) altinda
sayilarak hesaplanmigtir.

Veri analizi

In vitro kosullarda elde edilen veriler, SPSS istatistik
programi for Windows Version 17 (SPSS, 2008)
kullanilarak varyans analizine (ANOVA) tabi
tutulmusg ve uygulamalar arasindaki farklilik dizeyi,
Duncan Coklu Aralik Testi (P<0.05) ile belirlenmistir.
Bor ve PA bilesiklerinin farkli dozlarinin misel
gelisimini % 50 diizeyinde engelleyen etkili
konsantrasyonlar1 (ECso) farkli konsantrasyonlarda
elde edilen engelleme degerleri kullanilarak SPSS
paket istatistik programi Windows Version 17 (SPSS,

2008) yardimi1 ile Probit analizi yapilarak
belirlenmigtir.
BULGULAR ve TARTISMA

Fungal izolatlar

Hatay 1ili turuncggil Uretim alanlarinda yurutialen
sorveyler sirasinda agaclardan toplanan meyvelerin
sapa  baglanan  kisimlarda  kahverengilesme-
siyahlagsma seklinde renk degigsimleri ve meyve
sapinda kurumalar gseklinde belirtilerin ortaya ¢iktig:
gozlenmistir (Sekil 1).

patojen elde edilemeyen ¢icek ve meyvelerde fizyolojik
sebeplerden ya da bocek zararlarindan dolayr dokiim
gerceklestigi saptanmigtir (Cizelge 1).

Morfolojik tanilama

Hastalik izolasyonlar1 sonrasinda elde edilen
funguslar PDA besi yerinde 10 giin boyunca
gelismeleri saglanarak 6n teghisleri yapilmistir.
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Cizelge 1. Hatay ilindeki meyve dokiimiine neden olan fungal izolatlarin turunggil tir ve ¢esitleri ile iligkili bitki
dokularina gore dagilimlar:
Table 1. Distribution of plant tissues associated citrus species and varieties and of isolates causing fruit drop in

Hatay province
Lokasyon Turunggil tiirleri Izolat Bitki dokusu Toplam
Cicek Meyve
Erzin Portaka} 3 3 7
Mandarin 4 1 3
R Portakal 3 3
Dértyol Altintop 4 2 2 10
Mandarin 3 1 2
Portakal 4 4
Arsuz Mandarin 2 2 9
Limon 3 1 2
Samandag Mandarin 4 1 3 4
Toplam 30 6 24
Yapilan gozlemler neticesinde, Fusarium'un genellikle olarak tanimlanan koloniler, PDA ortaminda
seyrek bir yapida oldugu ve krem beyaz renkte beyazdan acik kahverengiye donilisen bir miselyum
miselyal geligim sergiledigi belirlenmigtir. meydana getirmis ve zamanla koyu kahverengiye
Alternariamn hifleri kalin ve pamuksu bir yapida olup evrilmistir. Bununla birlikte, koloni kenarlarinda
miseller 1lk basta renksizken daha sonra soluk griden belirgin buyime halkalar1 olugsmus ve koloniler
koyu renk yesile donmiistiir. Konidioforlar tek tek yaslandikca siyah renge doéniismiistiir (Tekiner ve
ayrilip soluk kahverengi olarak go6zlemlenmigtir. ark., 2020).
Colletotrichum turleri arasinda morfolojik farkliklar Bu amacla, funguslarin koloni gelisimleri ve
olsa da genel olarak, PDA tzerinde beyaz bir hif mikroskop altinda gézlenen eseyli ve eseysiz tireme
geligimi gézlemlenmis, ardindan gri renge dontiserek yapilarinin degerlendirilmesi sonucunda bu fungal
havai miselyumlar olusturmustur. Bu miselyumlar etmenlerin, Fusarium, Alternaria, Colletotrichum,
arasinda turuncu renkli konidiomata yapilar: ve siyah Diaporthe cinsine ait tiirler oldugu belirlenmistir
renkte eseysiz iireme organlari olan aservuluslar (Sekil 2).

tespit edilmistir (Uysal ve ark., 2022). Diaporthe

Sekil 2. Fungal patojenler: F. oxysporum (A), A. alternata (B), C. gloeosporioides (C), C. karsti (D), D. foeniculina (E)
Figure 2. Fungal pathogens: F. oxysporum (A), A. alternata (B), C. gloeosporioides (C), C. karsti (D), D. foeniculina (E)

Molekiiler tanilama amplifikasyonu sonucunda, genellikle 450-550 baz ¢ifti
buyukliginde bantlar elde edilmigtir. Farkli fungal
izolatlar arasinda %98-100 arasinda degisen bir
niikleotid benzerlik orani tespit edilmig ve bu izolatlar
icin NCBI GenBank'ta erisim numaralar1 alinmigtir.
(Cizelge 2).

Fungal DNA izolasyonlar1 sonucunda, genomik DNA
miktarlarn 20-30 ng pL! arasinda degiskenlik
gostermigtir. ITS (Internal Transcribed Spacer)
evrensel primer c¢iftleri kullanilarak yapilan PCR
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Cizelge 2. Hatay ili turuncgil bahgelerinde meyve dékiimiine neden olan temsili fungal izolatlar
Table 2. Representative fungal isolates causing fruit drop in citrus orchards of Hatay province

Genbank Erigim

Fungal izolatlar Izolat No  Lokasyon  Yil Konukgu

numarasi
Fusarium oxysporum MFo15 Erzin 2021 Portakal PP109412
Alternaria alternata OAall Erzin 2021 Portakal PP109410
Colletotrichum gloeosporioides 0OCg8 Doértyol 2020 Portakal PP109411
Colletotrichum karsti MCk6 Dortyol 2021 Mandarin MH156748
Diaporthe foeniculina LDf5 Arsuz 2021 Limon PP109413

Molekiiler calismalar sonucunda fungal izolatlarin, F.
oxysporum tir kompleksi, A. alternata tiir kompleksi,
C. gloeosporioides tur kompleksi, C. karsti ve D.
foeniculina turlerine ait oldugu kesin olarak
tanimlanmigtir.

Patojenisite testleri

Portakal (washington cesidi) mandarin (satsuma
cesidi) ve limon (interdonat cesidi) meyvelerinde
gerceklestirilen patojenisite testlerine gore, tim
funguslarin meyvelerde enfeksiyon olusturdugu
gozlenmistir. Kontrol olarak kullanilan meyvelerde ise
herhangi bir enfeksiyon tespit edilmemigtir. Elde
edilen sonuglara gore, en fazla hastalik oram, C.
gloeosporioides OCg8 ve C. karsti MCk6 turleri
tarafindan olusturulmustur. Uysal ve ark. (2022)
tarafindan yapilmis bir calismada, Colletotrichum
tirlerinin turuncggil meyve doékiimlerinde en etkin

100

fungal tirler oldugunu bildirmiglerdir. D. foeniculina
LDf5 fungal etmeni, %66.7 hastalik oram ile
Colletotrichum tiirlerini takip etmistir (Sekil 3).
Benzer sgekilde Tekiner ve ark., 2020° de D.
foeniculinanin limonda meyve c¢uriukligine neden
oldugunu bildirmiglerdir. Benzer sekilde, Diaporthe
cinsine ait tlrlerinde turuncggil agaglarinda siirgiin
yanmikligil, kanser, geriye dogru 6lim seklinde farkh
hastalilk tipleri de olusturdugu daha oOnceki
calismalarda bildirilmistir (Huang ve ark. 2013;
Guarnaccia & Crous, 2017). Bu calisma ile sz konusu
tespit edilen fungal turlerin turuncgil aga¢larinin tiim
aksamlarinda enfeksiyona neden olmalarimin yam
sira, meyve sapinda enfeksiyon olusturarak meyve
dékumiune neden oldugu bu calisma ile bir kez daha
desteklenmigtir. F. oxysporum MFol5 ve A. alternata
OAall tirlerinin en az hastalik orani olusturdugu
saptanmistir. (Sekil 3).

90
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MFo15 OAall

92.6 88,9
66,7
55,6
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I 0

0Cg8

MCk6 LDf5 Kontrol

Izolatlar

Sekil 3. Meyve dékiimiine neden olan fungal tiirlerin patojenisite testi; meyvelerdeki inokulasyon noktalar: yiizdesi [MFo15:
F. oxysporum, OAall: A. alternata, OCg8: C. gloeosporioides, MCk6: C. karsti, LDf5: D. foeniculinal

Figure 3. Pathogenicity testing of fungal species that cause fruit drop; percentage of inoculation points on fruits [MFol5: F.
oxysporum, QAall: A. alternata, OCg8: C. gloeosporioides, MCk6: C. karsti, LDf5: D. foeniculina]

Bu tirlerin, bitkiler zayif dustiigii ve hasat geciktigi
zaman enfeksiyon gergeklestirdigi, yapilan arazi
sorveyleri sonucundaki gézlemler ile 6rtismektedir.
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Bor ve PA bilegiklerinin fungal patojenlerinin misel
geligimi iizerine etkileri

Bu calismada, bor bilesiklerinin ve PA’ nin tekli ve
kombinasyonlari, turunggil agaglarinda meyve
dokiimiine neden olan patojenlerin miseliyal geligimi
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tuzerindeki antimikrobiyal etkisi arastirilmigtir.
Kullanilan bilesiklerin patojenlerin miseliyal gelisimi
(mm) {zerindeki antifungal etkileri Cizelge 3'te
gosterilmistir. Farkl dozlar iceren borik asit (%0.12),
boraks (%0.1), Etidot 67 (%0.1) ve PA (%1.5)
uygulamalarinda patojenlerin miseliyal gelisiminin
tamamen engellendigi tespit edilmistir. Bor
urinlerinden Boraks ve Etidot 67, borik asit
uygulamasina goére daha disiik konsantrasyonda
fungal miseliyal gelisimi engelledigi gézlenmigtir. Bor
bilesiklerinin PA ile kombinasyonlari incelendiginde
ise, her bir bilesigin konsantrasyon degerleri daha
disuk kullanilarak miseliyal gelisimin engellendigi
bulunmustur. Elde edilen bulgulara gére, Etidot
67+PA ve Borax+PA kombinasyonlari, en yiksek
engelleme oranina sahip uygulamalar olarak
belirlenmigtir. Bu durum, tzerinde ¢alisilan trinleri
bahge kosullarinda kullanirken kombinasyon seklinde
uygulamalara yer verilmesinin daha etkili sonuclar
dogurabilecegini ortaya koymaktadir. (Uysal, 2024).
Bor bilegikleri igin ECso degerleri incelendiginde,
temsili 5 farkli fungal izolatin, %0.059- 0.067 arasinda
degisen seviyelerde ECso degerlerine sahip oldugu
belirlenmigtir. PA’ nin fungal izolatlar i¢in ortaya
koydugu ECso degerleri  %0.62-0.69 arasinda
degiskenlik géstermistir (Cizelge 3). Denemede, iki
bagimsiz deneyden elde edilen veriler ayr1 ayr1 analiz
edilmis ancak énemli 6lciide farkl degildir (P=0.041).
Probit analizi kullanilarak her bilesik i¢in ECs0 degeri
(%50 inhibisyon icin gereken konsantrasyon)
hesaplanmigtir.

Bor ve PA Dilesiklerinin fungal patojenlerinin
konidiyal ¢imlenme iizerine etkileri

Bor trtnleri ve PA'nin tekli ve kombinasyon halindeki
uygulamalari, 5 farkli turunggil meyve dokim
patojeninin konidiyal ¢imlenmesine antimikrobiyal
etkinliklerini arastirmak i¢in gerceklestirilmigtir
(Cizelge 4). Elde edilen bulgulara gére farkh
konsantrasyonlardaki borik asit (%0.15), Boraks
(%0.12) ve Etidot-67 (%0.12) bilesikleri yiiksek
konsantrasyonlarinda, C. karsti (MCk6) ve D.
foeniculina (LDf5)’y1 tamamen engellemesine ragmen
denemeye alinan diger patojen funguslarin konidiyal
cimlenmesinde c¢ok yiiksek etki gézlenmemistir. Ote
yandan PA’nin en yiiksek konsantrasyonunda (%1.5)
tim fungal tiirlerde tamamen engelleme saptanmagtir.
Bor bilegiklerinin kombinasyon halinde kullanimi ile
diisiik konsantrasyonlar da bile ylksek engelleme
oram saptanmigtir. Bor bilesiklerde, 5 fungal patojen
izolatin  %0.065-0.095 arasinda degisen KECso
degerlerine sahip oldugu goériulmistir. PAnin ECso
degerleri %0.66-0.82 arasinda degiskenlik gostermistir
(Cizelge 3). Calismada kullamilan  alternatif
bilesiklerde miseliyal gelisim i¢in hesaplanan
degerlere gore konidiyal ¢imlenmeyi engellemede
belirlenen ECso degerlerinin daha yiiksek oldugu
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saptanmistir. Elde edilen bu bulgular, Uysal, (2024)
tarafindan  Monilinia  laxaya karst  yapilan
uygulamalardan elde edilen ECso degerleri ve diger
bulgular1 ile uyumluluk gostermektedir. Bununla
birlikte kis kabaklarinda kok ve koékbogazi
¢urikligine neden olan K. solaniye karsi bazi bor
bilegiklerinin belirgin bir sekilde yararli olabilecegini
ortaya koyan Erper ve ark. (2019b)min bulgulari, bu
calismada elde edilen verileri destekler niteliktedir.
Benzer bir calismada (Baharom ve ark. 2020),
hindistan cevizi kabugu, karambola ve mangodan
hazirlanan PA’min, Floxysporum, C.gloeosporioides,
Pestalotiopsis microspora ve Ralstonia solanacearum'a
kars1 o6nemli antimikrobiyal etki gosterdigi
bildirilmigtir. Bu c¢alismanin sonuc¢larinin, PA'nin
potansiyel yoni ile baglantili bir sekilde mevcut
arastirmanin verilerini dogrulayarak uyum igerisinde
oldugu goézlenmistir. Ug farkli irinden elde edilen
PA’larin, sogan patojeni Fusarium proliferatum’ a
kars1 yapilan antifungal etkinlik ¢alismasinda, kayisi
¢ekirdeginden tretilen PA'nin misel biiylimesi i¢in 3.5
pL mL! ve konidiyal ¢imlenme i¢in 1.0 pLh mL?
konsantrasyon degerlerinde en etkili PA olarak
bildirilmistir (Kara ve ark., 2024). Denemede, iki
bagimsiz deneyden elde edilen veriler ayr1 ayr1 analiz
edilmis ancak énemli él¢iide farklihk goriillmemistir (P
= 0.037). Probit analizi kullanilarak her bilesik i¢in
ECs0 degeri (%50 inhibisyon icin gereken
konsantrasyon) hesaplanmistir.

Yakin zamanda yapilan bir calismada kayisi ¢ekirdegi,
kermes mese agaci ve findik kabugu gibi 3 farkli bitki
atiklarindan elde edilen PA’min antifungal etkinligi
soganlarda o6nemli toprak kokenli fungal hastalik
etmeni /. proliferatum’a kars1 arastirilmistir (Kara ve
ark., 2024). Yapilan GC-MS analizleri sonucunda
farkli bitkilerden elede edilen PA’larin ana
bilesenlerinin o-guaiacol (%18.98-26.18), creosol
(%11.08-16.38), syringol (%6.35—8.67), p-ethylguaiacol
(%5.53—10.04), o-creosol (%4.0-10.33) ve fenol (%2.34—
7.90) oldugu belirlenmistir. Mevcut calismalarda
kullanilan  okaliptiis PAnin  ana  kimyasal
bilegsenlerinin ise yakin zamanda yapilmis bir diger
calismada 2-methoxy-4methylphenol (%18.78), fenol,
2-methoxy (%27.68) ve kaempferol (%3.12) oldugu
bildirilmistir (Uysal, 2024). PA’ lardaki isli durumun
genelde igeriginde yiksek oranda bulunan fenolik
bilesenlerden kaynaklanmaktadir (Grewal ve ark.,
2018). Farkli bitkisel kaynakli PA ve kimyasal ana
bilegsenlerinden farkli fenoliklerin bitki patojeni fungal
ve bakteriyel hastalik etmenlerine karsi in vitro ve in
vivo  antimikrobiyal etkinlikten sorumlu oldugu
yapilmig énceki bir cok calismada bildirilmistir (Gao ve
ark., 2021; Bouket ve ark., 2022; Sivaram ve ark.,
2022; Pertile & Frac, 2023; Kara ve ark., 2024).

SONUC ve ONERILER

Mevcut c¢alisma, turunggil agaglarinda go6zlenen



KSU Tarim ve Doga Derg 27 (6), 1401-1413, 2024
KSU J. Agric Nat 27 (6), 1401-1413, 2024

Arastirma Makalesi
Research Article

patolojik meyve dokimlerine sebep olan fungal
etmenler, bunlarin morfolojik ve  molekiiler
yontemlerle tanis1 ile miicadelede alternatif
yontemlerden PA ve bor bilesiklerinin fungal
patojenlere kargi etkinlikleri ortaya koymaktadir.
Tarimsal Uretimde karsilagilan bitki  saghg
sorunlarinin  ¢ézliimiinde siklikla ~ bagvurulan
yontemlerin  baginda gelen kimyasal pestisit
kullanimlarinin insan sagligina ve ¢evreye olan zararlh
etkileri g6z online alinarak gevre dostu ve organik
kokenli PA ve Dbor bilesiklerinin strdirilebilir
kalkinmaya katkida bulunmak amaciyla kullanimina

yonelik  calismalara ihtiya¢ duyulmustur. Bu
kapsamda degerlendirildiginde ¢alismanin, turuncgil
patojenlerine kars1 diinyada ve Turkiye'de ilk kez
yurutilmesi sebebiyle O6zgun ve etkin nitelikler
tagidigr asikardir. Kimyasal pestisitlerin tarimda
yaygin kullanimi, halk sagligi endiselerini artirirken,
baz1 fungisitler Diinya Saghk Orgiti (WHO)
tarafindan tehlikeli olarak siniflandirilmig ve Avrupa
Birligimde yasaklanmigtir. Bu nedenle, organik
urtnler, bitki hastaliklarin1 kontrol etmek igin
kimyasal olmayan, c¢evre dostu bir alternatif olarak
onerilmektedir.

Cizelge 3. Farkli konsantrasyonlarda secilmis olan bilesiklerin, fungal izolatlarin miseliyal gelisimi tizerine in

vitro antifungal etkileri

Table 3. In vitro antifungal effects of compounds selected at different concentrations on mycelial growth of fungal

isolates
Bilesikler Kons. Fungal patojenlerin miselyal geligimi (mm)*
MFol5 OAall 0Cg8 MCk6 LDf5
Borik asit 0.0 80.0 (x0.0)f 80.0 (+0.0)f 80.0 (+0.0)f 80.0 (+0.0)f 80.0 (+0.0)f
(%, wiv) 0.03 64.0 (£0.5)eB 61.4 (£0.2)eA 61.5 (£0.2)eA 60.6 (£0.1)eA 57.5 (£0.2)eA
0.05 48.0 (£0.0)3a 50.7 (£0.1)dA 50.7 (£0.3)A 52.2 (£0.1)dB 48.7 (x0.1)dA
0.07 33.0 (x0.5)°B 34.7 (£0.0)<C 29.5 (£0.1)eA 35.6 (£0.2)<C 25.5 (£0.1)eA
0.1 18.7 (20.2)bC 17.8 (x0.1)bC 13.6 (0.2)vA 15.3 (0.3)® 12.9 (0.4)vA
0.12 0.0(x0.0)a 0.0(x0.0)a 0.0(x0.0)a 0.0(x0.0)a 0.0(x0.0)a
ECso - 0.062+0.5 0.062+0.5 0.060+0.6 0.062+0.5 0.059+0.6
Boraks 0.0 80.0 (+0.0)f 80.0 (:0.0)¢ 80.0 (::0.0)d 80.0 (::0.0)d 80.0 (::0.0)d
(%, wiv) 0.03 68.7 (:0.3)eC 66.5 (+0.3)cdB 65.0 (£0.0)cdd 9.4 (+£0.3)«dD  65.1 (+0.3)cdA
0.05 58.9 (+£0.2)4D 55.6 (£0.4)beB 56.7 (+0.3)beC 52.6 (£0.5)eA 52.6 (£0.4)eA
0.07 35.3 (£0.3)CD  36.1 (+0.5)beD 32.7 (£0.3)bcA 34.0 (+£0.5)b<B  34.8 (+0.1)beBC
0.09 19.0 (0.5)bB 21.0 (£0.0)2bC 19.3 (0.2)2bB 11.3 (£0.2)aba  11.9 (+0.3)abA
0.1 0.0(x0.0)2 0.0(x0.0)2 0.0(z0.0)2 0.0(x0.0)2 0.0(z0.0)2
ECso - 0.064+0.7 0.063+0.5 0.063+0.6 0.060+0.7 0.061+0.7
Etidot-67 0.0 80.0 (+0.0)¢ 80.0 (+0.0)¢ 80.0 (:0.0)d 80.0 (:0.0)d 80.0 (::0.0)d
(%, wiv) 0.03 73.9 (£0.1)<dd  70.7 (£0.8)<dC 70.1 (0.0)dC  67.5 (£0.3)bA  68.6 (£0.5)bB
0.05 57.3 (£0.5)bcdB 58,3 (£0.2)beB 58.6 (0.4)>B  53.0 (x0.1)bA 54.2 (+0.5)bA
0.07 34.0 (£0.5)><B  37.9 (£0.5)beC 34.9 (x0.5)bcB 29.0 (£0.2)2bA 28,3 (£0.3)abA
0.09 19.0 (+0.0)2bBC  20.0 (+0.0)2bC 18.3 (x0.2)2bB  13.6 (£0.1)2A 13.2 (£0.1)aa
0.1 0.0(x0.0)a 0.0(x0.0)a 0.0(x0.0)a 0.0(x0.0)a 0.0(x0.0)2
ECso - 0.065+0.6 0.067+0.6 0.066+0.6 0.060+0.6 0.061+0.6
PA 0.0 80.0 (+0.0)d 80.0 (£0.0)d 80.0 (+0.0)d 80.0 (+0.0)d 80.0 (+0.0)¢
(%, wiv) 0.3 70.1 (£0.1)<d¢  73.9 (x0.3)cdD 67.0 (£0.5)cdA 69.3 (£0.1)edB 7.0 (£0.3)cdA
0.5 57.0 (£0.1)bB  59.6 (+0.1)bedC 58.0 (+0.6)bcB 54.7 (£0.3)PA  54.6 (+£0.5)bcA
0.7 40.0 (£0.3)><P  39.0 (£0.5)beD 36.7 (£0.3)bcC 32.3 (0.1)bB  31.0 (£0.7)beAr
1.0 22.6 (£0.1)2C  23.0 (+0.0)abC 20.6 (£0.1)2B 159 (£0.2)abA  16.4 (+£0.2)abA
1.5 0.0(=0.0)2 0.0(=0.0)2 0.0(x0.0)2 0.0(x0.0)2 0.0(x0.0)2
ECso - 0.68+0.5 0.69+0.5 0.67+0.5 0.63+0.5 0.62+0.5
EAJ' 0.07+0.05 5 5 (+0.00mc 7.3 (£1.4)¢ 6.0 (+1.0)¢ 1.6 15008 0.0 0.0
oraks
BA+PA 0.08+0.8 7.3 (x1.4)B 7.0 (+1.0)B 3.3 (x1.6)A 0.0 (0.0)A 0.0 (0.01)A
Ilfzraks+ 0.05+0.8 (. o 4.6 (£2.0)B 5.0 (L0.0)® 0.0 (+0.0)2 0.0 (+0.0)A
Etidot 0.06+0.8 1.6 (+1.6)A 3.6 (£1.8)A 0.0 (+0.0)A 0.0 (0.0)A 0.0 (0.0)A
67+PA

[MFo15: F. oxysporum, OAall: A. alternata, 0Cg8: C. gloeosporioides, MCk6: C. karsti, LDf5: D. foeniculinal

Boraks (Disodium tetraborate decahydrate); Etidot-67 (Disodium octaborate tetrahydrate); BA (Borik asit); PA (Pirolignéz asit)
*Her slitun veya satirda sirasiyla farkl kiiciik veya biiyiik harflerle takip edilen ortalama degerler (n=3), Duncan Coklu Aralik

Testine gore anlamh derecede farklidir (P<0.05)
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Cizelge 4 Farkh konsantrasyonlarda kullanilan bilesiklerin fungal izolatlarin konidi ¢imlenmesi lizerine in vitro
etkileri
Table 4. In vitro effects of compounds used at different concentrations on conidial germination of fungal isolates

Bilesikler Kons. Fungal patojenlerin konidi ¢imlenmesi
MFol5 OAall 0Cg8 MCk6 LDf5
Borik asit 0.0 100.0(x0.0)f 100.0(x0.0)f 100.0(x0.0)f 100.0(x0.0)f 100.0(x0.0)f
(%. wiv) 0.05 88.6 (+0.6)eD 90.0 (+0.9)¢P 81.0 (£0.2)eC 77.0 (+0.8)<B 71.6 (£1.4)eA
0.07 70.0 (+0.0)dBC 72.6 (£0.6)dC 67.6 (+1.2)dB 62.6 (£1.2)da 60.3 (+0.3)da
0.1 50.3 (:0.3)C 50.6 (£1.0)<C 48.3 (+0.3)<B 43.6 (+0.8)A 42.3 (+0.3)cA
0.12 30.6 (:0.6)bB 32.0 (:0.0)bB 30.3 (+0.3)bB 24.6 (+0.5)bA 23.0 (+1.5)bA
0.15 13.3(0.9)aC 15.0 (£0.0)aC 6.0(x£1.2)2B 0.0(x0.0)aA 0.0(x0.0)aa
ECso - 0.093+0.4 0.095+0.4 0.087+0.3 0.080+0.4 0.076+0.3
Boraks 0.0 100.0(x0.0)f 100.0(x0.0)f 100.0(x0.0)f 100.0(x0.0)f 100.0(x0.0)f
(%. wiv) 0.05 91.6 (£1.6)<C 91.6 (£1.6)C 85.0 (x0.0)eB 75.3 (£0.3)eA 75.0 (£0.0)eA
0.07 76.3 (£0.6)dC 78.3 (£1.4)dC 70.0 (+0.0)dB 62.6 (+1.4)a 60.3 (+0.3)3a
0.09 53.6 (£1.3)C 50.3 (x0.3)<B 52.6 (£0.3)<C 48.3 (£0.3)°B 40.3 (£0.3)cA
0.1 31.6 (+0.8)pP 27.6 (£2.6)°CD 24,0 (£0.5)PBC  21.6 (+0.3)vB 11.9 (20.1)vA
0.12 10.0 (£0.0)aB 11.6 (£1.6)aB 0.0 (+0.0)2A 0.0 (+0.0)2A 0.0 (+0.0)2A
ECso - 0.086+0.5 0.085+0.5 0.080+0.5 0.074+0.5 0.071+0.5
Etidot-67 0.0 100.0(x0.0)f 100.0(z0.0)f 100.0(z0.0)f 100.0(z0.0)f 100.0(z0.0)f
(%. wiv) 0.05 90.0 (:0.0)eD 89.3 (+0.8)eD 80.6 (+0.6)eC 75.3 (+0.3)eB 70.0 (£0.0)eA
0.07 70.6 (£0.6)dC 72.6 (£1.2)dc 63.0 (+1.5)dB 50.0 (+0.0)da 47.6 (+0.3)da
0.09 46.0 (£1.0)<D 45.3 (£0.3)CD 43,6 (+0.3)C 30.0 (+0.0)<B 24.3 (£0.6)A
0.1 23.6 (+0.3)pD 24.6 (+0.3)bD 17.6 (£1.3)bB 20.0 (+0.0)bC 13.2 (20.1)vA
0.12 8.3 (x0.8)aC 8.3 (+0.8)aC 2.6 (x0.3)2B 0.0 (x0.0)2A 0.0 (x0.0)2A
ECso - 0.081+0.5 0.082+0.5 0.075+0.5 0.068+0.5 0.065+0.5
PA 0.0 100.0(z0.0)f 100.0(z0.0)f 100.0(z0.0)f 100.0(z0.0)f 100.0(z0.0)f
(%. wiv) 0.5 86.0 (+1.0)eD 79.6 (+0.8)<C 79.6 (+0.3)<C 75.3 (+1.4)eB 68.0 (:0.9)¢A
0.7 65.3 (::0.3)dD 63.6 (::0.6)dD 60.0 (+0.0)dc 52.3 (+1.5)dB 48.6 (+0.6)da
1.0 43.6 (+0.8)<C 46.0 (+1.0)d 44.0 (£0.5)<C 30.0 (+0.0)B 27.3 (+0.6)cA
1.2 16.6 (+1.6)bBC 19.3 (£0.3)bC 15.3 (£0.3)bB 7.6 (£1.3)bA 5.0 (0.0)bA
1.5 0.0 (+0.8)a 0.0 (£0.0)2 5.3 (£2.8)a 0.0 (£0.8)a 0.0 (£0.0)a
ECso - 0.82+0.4 0.80+0.4 0.78+0.4 0.70+0.4 0.66+0.4
BA+ 0.07+0.07 o5 (g g 15.0 (+2.8)B 5.0 (+2.8)2 3.3 (x1.6)2 1.6 (+1.6)2
Boraks
BA+PA 0.09+0.8 6.6 (+1.6)2B 10.0 (+2.0)B 9.3 (x0.6)B 1.6 (+x1.6)A 1.0 (+1.0)A
BorakstPA 0.07+0.8 3.3 (+1.2)A 8.3 (+1.6)B 3.3 (£1.5)A 1.2 (+1.2)A 0.0 (+0.0)aA
551‘1;‘32 0.07+0.8 .\ () (10.0)m 10.6 (£0.6)8 1.0 1.0 0.0 (0.0)2A 0.0 (0.0)2A

[MFo15: F. oxysporum, OAall: A. alternata, OCg8: C. gloeosporioides, MCk6: C. karsti, LDf5: D. foeniculinal

Boraks (Disodium tetraborate decahydrate); Etidot-67 (Disodium octaborate tetrahydrate); BA (Borik asit); PA (Pirolignéz asit)
*Her slitun veya satirda sirasiyla farkl kiiciik veya biiyiik harflerle takip edilen ortalama degerler (n=3), Duncan Coklu Aralik

Testine gore anlamli derecede farklidir (P<0.05)

Bu sebeple, turunggillerde meyve dékiimiine neden
olan fungal hastalik etmenleri ve bunlarin miicadelesi
uzerine arastirmalarin sirdirilmesi kaginilmaz bir
durumdur. Bu baglamda, turunggil treticiliginde ciddi
kayiplara sebep olan meyve dokiim sorunlari tespit
edilerek buna neden olan fungal hastalik etmenlerinin
kesin tamilari yapilmis ve bunlara karsi in wvitro
diizeyde organik icerikli Urlinlerin etkinlikleri
belirlenmigtir. Ayrica bor elementi, bitki gelisimi i¢in
gerekli ve zorunlu bir mikroelement olup, yiksek
miktarda kullanildiginda bitkilerde toksik etkilere yol
acabilmektedir. Bu nedenle, PA ile kombine bor
bilesikleri ile yapilan ¢alismadan elde edilen bulgular
dogrultusunda arastirmanin, bahge kogullarinda
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meyve dokimi yagsanan alanlarda genis 6lgekli olarak
sturdurilmesi zorunluluk arz etmektedir.
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OZET Herboloji
Bu calisma Kahramanmaras iline bagh merkez ilceler (Dulkadiroglu
ve Onikigubat) dahil toplam 11 ilcede tarim ve tarim dis1 alanlarda Aragtirma Makalesi

sorun olusturan tam parazit kiiskiit (Cuscuta spp.) tiirlerini,

yogunluk ve konukgularini belirlemek amaci ile 2018-2021 yillarinda Makale Tarihgesi
yuratilmustir. Yapilan ¢aligmalar degerlendirildiginde; il genelinde Gelig Tarithi  :09.02.2024
tum 1ilgeler dikkate alindiginda toplam alti kiiskit taksonu Kabul Tarihi :17.04.2024
belirlenmigtir. Tespit edilen taksonlar; Cuscuta campestris Yunck.,

C. approximata Bab., C. monogyna subsp. monogyna Vahl., C. Anahtar Kelimeler
ITupuliformis Krock., C. pedicellata Ledeb ve C. planiflora Ten. Kuskut Cuscuta

taksonlarinin besg farkli bitki grubuna gore konukg¢u oldugu bitki Morfoloji

tiirleri incelendiginde; tarla bitkisi (23), meyve agaca (7), siis bitkisi Konukcu
(7), orman (9) ve yabanci ot (62) tiirii olmak tizere 35 familyaya ait 108 Yogunluk
takson tespit edilmistir. Yogunluk degerlerine gore; tarla, siis bitkileri Kahramanmaras

ve yabanci otlar Uizerinde C. campestris, yonca’da C. approximata ve
odunsu bitkilerde ise C. lupuliformis ¢cok yogun olarak (m?/kiiskiit
dal>10) belirlenmistir. Bu calismadan elde edilen tiim veriler
poliktltir tarim yapilan Kahramanmaras il genelinde ilgili
taksonlarin varligina ve muhtemel risklerine yonelik 6nemli veriler
saglar. Ayrica, odunsu bitkilerin de ciddi bir konak olabildigine
yonelik ilk bulgular: sunar.

Dodder Species (Cuscuta spp.) Identified in Kahramanmarag Province: Morphological Structures of
These Species and Determination of Their Densities Depending on the Host

ABSTRACT Herbology
This study was conducted in 2018 - 2021 in 11 districts, including the
central districts (Dulkadiroglu and Onikisubat) of Kahramanmaras Research Article

province located in the Mediterranean Region of Turkey. The aim of

this study was to determine the species, density, and hosts of the Article History

obligate parasitic weed (Cuscuta spp.) that causes issues in both Received 109.02.2024
agricultural and non-agricultural areas. Based on the studies that Accepted 117.04.2024
were conducted, it was 1dentified that 6 species of dodder have been

spread throughout all districts of this province. The species identified Keywords

are Cuscuta campestris Yunck., C. approximata Bab., and C. Cuscuta
monogyna subsp. monogyna Vahl., C. lupuliformis Krock., C. Morphology
pedicellata Ledeb, and C. planiflora Ten. Through the investigation, Hosts

it was found that the plant species that constitute dodder hosts are Density

divided into five different plant groups: 108 species belonging to 35 Kahramanmaras

families were identified, including 23 field plants, 7 fruit trees, 7
ornamental plants, 9 forest species, and 62 weed species. According to
density values; C. campestris on the field, ornamental plants and
weeds, C. approximata on clover, and C. lupuliformis on woody plants
were determined very densely (m2/dodder branch>10). The results
obtained from this study provide important information regarding the
presence and potential risks of related species throughout
Kahramanmaras province, where many plant species are cultivated.
In addition, the results obtained demonstrate that woody plants are a
host for these parasitic species.
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GIRIS

Hayatlarinin tamamini veya bir donemini belli bir
konuk¢uya bagh olarak stirdiiren bitkiler parazit bitki
olarak tanimlanmaktadir. Parazit bitkiler konakladig:
bitkinin su ve mineral madde ve organik bilegiklerini
alarak Dbitkilerin zayiflamasina ve ileri dénemde
6lmesine de neden olabilir. Parazit bitkiler tam ve yari
parazit bitkiler olmak tzere iki biylik gruba ayrilir.
Tam parazit bitkiler; kok ve yaprak gibi organlari
olmayan, klorofil icermeyen tim besin ihtiya¢larini
houstoriumlar: vasitasiyla konak bitkiden karsilayan
cicekli bitkilerdir (Ustiiner & Aksoy, 2021). Kiskiit
tiirleri (Cuscuta spp.) bir veya ¢ok yillik konukcularin
tizerinde klorofilsiz ve tam parazit olarak yasayan
asalak bitkilerdir. Parazit olarak yasamasindan dolay1
kultir bitkisinde gelisim bozukluguna, vejetatif
kisimlarda biliyimenin yavasglamasina- durmasina,
hatta bitkinin 6liimiine (Lubenov, 1985; Kadioglu,
1992) ve ayrica konaklarimi cepecevre sararak
fotosentez yapmasina engel olur.

Tiirkce Bitki Adlar1 Sozligi (Baytop, 1997)ne gore;
Turkiye'de kiiskiit bitkisine verilen yoresel isimler;
Bagbozan, Bostanbozan, Canavarotu, Cinsaci,
Gelinsa¢i, Eftimon, Kizil sarmagik, Kugut ve
Seytansaci’dir. Kahramanmaras ilinde ise kiskiit
turleri ilgelere gore; Afsin ilgesinde “sevda otu”,
Elbistan ilgesinde “yilan tuzag1”, Caglayancerit
ilgesinde “sarmagik”, Pazarcik ilgesinde “verem otu” ve
Goksun ilgesinde “kanser otu” gibi isimler ile anilir.

Kiuskit tirleri; Convolvulaceae familyasi, Cuscuta L.
cinsine ait tek yillik ve tam parazit bir bitkidir
(Dawson ve ark., 1994). Kiiskiit govdesi ipliksi ve
silindirik yapida olup konuk¢u goévdesine sarilici,
yapraksiz ve klorofilsizdir. Kiuskiit tiirleri ¢ift cenekli
(genis yaprakli) ve tek cenekli (dar yaprakl) bitkilerin
vejetatif kissmlarinda zarar yapmaktadir (Ustiiner &
Ozturk, 2018; Ustiiner ve ark., 2019; Dal & Ustiiner,
2020; Ustiiner, 2022; Almhemed & Ustiiner, 2023).
Tohumla ve bitki parcalar1 (vejetatif yolla) ile cogalma
yeteneginde olup, tek bir olgun kiiskiit bitkisi toprakta
10-20 yil boyunca canli kalabilen binlerce tohum
iiretebilmektedir (Garcia-Torres, 1993). Her ne kadar
Davis (1978)e gore Tiirkiye’de Cuscuta L. 16 taksonu
bildirilmis olsa da, 2020 yilinda Yazlhik ve Albayrak
(2020) tarafindan yapilan revizyon calismasiyla ilgili
takson sayisinin 23 adet oldugu bildirilmigtir.
Kahramanmaras’ta ise iki taksonun (C. palaestina
subsp. balansae ve C. planiflora) dogal olarak yayilis
gosterdigi bilinmektedir. Anadolu’da kultir
alanlarinda bulunan kiuskiit tirlerinin yayiliglar: ve
konukgulari tizerinde yapilan arastirmaya gore; kiilttr
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bitkilerinde parazit olarak bulunan tug¢ farkhh kuskiit
taksonu (C. campestris, C. approximata ve C.
monogyna) belirlenmistir. Bunlarin yaninda C.
campestris ise 6zellikle sekerpancari, sogan, yonca ve
yazlik sebzeler ftizerinde oldugu tespit edilmigtir
(Nemli, 1986). Kiiskiit (Cuscuta approximata) tirii
yoncanin da gelisimini yavaslatip verimini diisiiren en
onemli sorunlardan biridir (Uygur, 1991; Kondap &
Kumar, 1993). Tarla kiiskiiti'niin (C. campestris)
seker pancar1 bitkisinde yaprak verimini ve yumru
boyutundaki olumsuz etkisi; ortalama yaprak verimi
(enfekte olmayanlar icin 32.943.6 kg/ha ve enfekte
olanlar icin 18.451.4 kg/ha) ve yumru boyutlar
(enfekte olmayanlar icin 28.116x8.244 cm ve enfekte
olanlar icin 18.984x6.269 cm) tespit edilmistir
(Ustiiner & Oztiirk, 2018). Kahramanmaras ilinde C.
campestrisin mercimek, nohut, biber, maydanoz ve
patlicanda ciddi verim ve kalite kaybina neden oldugu
bildirilmistir (Ustiiner & Oztiirk, 2018; Ustiiner ve
ark., 2019; Dal & Ustiiner, 2020; Ustiiner, 2020;
Ustiiner, 2022; Almhemed & Ustiiner, 2023; Elsekran
ve ark., 2024). Tarla kiskiti'nin (C. campestris)
kiltir bitkilerinde meydana getirdigi verim kaybi
%50-90 arasinda degistigi bildirilmektedir (Lanini &
Kogan, 2005; Ustiiner, 2018; Giveng ve ark., 2021).

Kiskiit tirlerinin diinya genelinde kiltir bitkilerinde
ozellikle yonca, tggiil, domates, havug,

sogan ve biberde verim kaybina yol acarak ciddi
anlamda ekonomik kayiplara neden oldugu
belirtilmektedir (Nagy ve ark., 1983; Dawson ve ark.,
1994).

Nohut ve mercimek tarlasinda kuskit tarlerinin
tohumlar1 c¢imlendikten sonra 6-9 giin boyunca
canliligini sirdirebilmek i¢in yeterli besin rezervine
sahip olduklarindan dolayi bu silire i¢erisinde uygun
bir konukcu bitkiye tutunabilmektedir (Ustiiner ve
ark., 2019). Tarim iriinlerinde iiretimi artirmanin
teknik olarak bir¢ok yolu bulunmaktadir. Bunlardan
bir tanesi de modern bitki koruma yoéntemleriyle
yabanci otlarla savasiminin ¢evresel ve ekolojik
dengeleri gozeterek yapilabilmesidir. Bunun igin
yabanci otlarin biyolojilerinin, ekolojilerinin, kiiltiir
bitkileriyle iligkilerinin, kontrol altina alinma
yontemlerinin, yogunluk ve yayginlik diizeylerinin gok
iyi bilinmesi gerekir (Ekim & Yildirim, 1993; Ozer,
1993; Ozer ve ark., 1998; Tire & Kose, 2000).

Kuaskitin c¢ok genig bir konukcu yelpazesi
bulunmaktadir, bunlarin bashcalari; Asteraceae,
Convolvulaceae, Solanaceae, Fabaceae ve

Brassicaceae gibi bazi familya iiyeleridir (Lian ve ark.,
2006). Kiiskiitiin zarar verdigi bazi énemli kiiltiir
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bitkileri arasinda; domates, seker pancari, yonca,
patates, baklagiller, sogan, sarimsak, karpuz, havug,
biber ve aspir tiirleri sayilabilir (Nadler-Hassar &
Rubin, 2003).

Kahramanmarag bdélgesinde patlican, nohut, sis
bitkileri ve elma gibi bir¢cok kiultir alanlarinda ve
kiltir alanlar1 disinda kuskiit tirlerinin konuk¢u ve
yogunlugunun bilinmesiyle gerekli tedbirlerin kisa
stirede ve daha etkili bir gekilde alinmasi mimkiin
olabilir. Bu nedenle; kiiskiit’ten dolay: verim ve kalite
kayiplarinin aza indirgenmesi i¢gin Kahramanmarag’ta
tarimsal alanlarda kiskiit tirleri ve yogunlugunun
belirlenmesi ve mevcut duruma yénelik miicadele
onerilenini gelistirilmesi amaglanmigtar.

MATERYAL ve METOD

Kuskut turleri ve kuskiit'in infekte ettigi kultur
bitkileri ve yabanci ot turleri bu c¢alismanin ana
materyallerini olusturmustur. Vejetasyon doénemi
boyunca belirli periyotlar ile incelenme alanlarina

gidilmig, bitki Ornekleri toplanarak herbaryum
materyali haline getirilmis ve numaralandirilmigtir.
Toplanan kiiskiit tiurleri ve konukcu bitki tirlerinin
teshisinde temel olarak Davis editérliginde
yaymnlanan Tirkiye Floras: ile gesitli komsu tilke ve
Avrupa floralarina ait eserlerin yaninda kiiskt tirleri
hakkinda yayinlanan farkli eserler de incelenmigstir
(Post, 1932; Yuncker, 1932; Komarow, 1945; Davis,
1965-1985; Tutin ve ark.,1976; Nemli, 1978; Guiner ve
ark., 2000; Yazlik & Albayrak, 2020). Ayrica teshisi
yapilan tirlerin kontrolleri icin KSU Fen-Edebiyat
Fakiiltesi Biyoloji Béliimii (KSUH) Herbaryumu ile
Tuarkiye’de  bulunan  farkli  herbaryumlardaki
orneklerden de yararlanilmigtir.

Herbaryum o6rnekleri hazirlanan kiiskiit taksonlarina
ait ¢igek ve tohum fotograflar1 Olympus SZX16 marka
stereo zoom ayarli mikroskopta incelenmis,
fotograflar: cekilmis ve calismaya eklenmistir (Cizelge
1). Tiirlerin polen fotograflar1 Hamed, (2005) ile Demir
ve ark., (2017)’den alinmistir.

Cizelge 1. Arastirmada tespit edilen kiiskiit taksonlarina ait teshis anahtar:
Table 1. Identification key for dodder species 1dentified in the research

Turlere ait ozellikler

Takson ad1

Characteristics of the species Taxa

1-Stilus 1 (birlesik), sert-kaba gévdeli, gévde (0.7), 1,1.5, (2) mm capinda, agac ya da cali

parazitleri

2-Korollla tiipt belirsizce kaliksten uzun, pulsu yapraklar hemen hemen anterlere kadar
uzanmis, stilus boyu meyvedeki stigmaya neredeyse esit

C. monogyna
subsp. monogyna

2-Korollla tupt kaliksten 2 kat uzun, pulsu yapraklar anterlerlerden kisa, stilus boyu

meyvedeki stigmadan 2-3 kat uzun..... ....................

C. lupuliformis

1-Stilus ve stigma 2, ince ipliksi gévdeli, gévde (0.1), 0.5, (0.6) mm c¢apinda, ot ya da cali

parazitleri
3-Stigma bas¢ik seklinde

4-Korollla loblar1 igeri dogru kivrik, tiggensi, sivri uglu, pulsu yapraklar iki yarikli degil,
¢ogunlukla sag¢akli ve boyu stamenlere ulasir; stiluslarin boyu kapstil boyunun yarisi
kadar, {istten basik kiire seklindeki kapsiiliin cap1 (1.5), 2-3 mm., cicekler 4-5

PATCALL. ettt eeeeeeeeeeeeeaaaanas

C. campestris

3-Stigmanin boyu eninden uzun
5-Stigma uzun; kapsil duzensiz gsekilde agilir.

6-Cicekler ¢gogunlukla 4 parcali, gigek sapi1 belirgin, gogunlukla semsiye seklinde veya az
¢igekli simé6z, 2-3 mm. ¢apinda, papilla tasimaz; kaliks loblar1 tiggensi ya da kit uglu

C. pedicellata

5-Stigmanin boyu stilusa esit ya da az uzun, stilus + stigma boyu ¢ogunlukla ovaryum boyuna
esit ya da uzun, loblar hemen hemen sivri uglu; tohumlar genellikle uzun en az 0.7 mm.
7- Cigekler ¢ogunlukla 5 parcali; stilus + stigma boyu ¢ogunlukla ovaryum boyuna esit ya da

uzun

8- Cicekler 1.5-2.5 mm, saplar1 var; cicek kiimesinin ¢ap1 6 (7) mm. den az; kaliks etli ve
loblarinin boyu tipten uzun, belirgin sekilde korolla tiiplinden uzun ve uca dogru siskin;
korolla loblar: etli ve uca dogru siskin; kapsil boyu 1.5 mm.’ye kadar uzar; tohumlar 0.7-

0-9 mm. gévde ¢ok ince

B0 ) S0 PPt

C. planiflora

8- Cigekler 2.5-4 mm, saplar1 var; cicek kiimesinin cap1 (3.5-)5- 13 (-15) mm kaliks
loblarinin boyu kaliks tiipt kadar, korolla tiiptinden uzun ve ug kismi kalin, bir kismi
zars1 yapida ve siskin, altin saris1 veya kahverengi-parlak; korolla loblar:1 zars1 veya uca
dogru belirsizce kalin; stamenler korolla tiiptinden uzun, kapsiil boyu 1.5 mm den fazla
ve Ustten basik kiire; tohumlar 1-1.3 mm; govde orta incelikte

C. approximata
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Ornekleme yapilan tarim alanlari ve tarim dis1 alanlar
bélgeyi temsil edecek sekilde secilerek, Agustos-Ekim
aylarinda bir defa olmak tizere alani1 1m? olan ¢erceve
(kadrat) rastgele atilarak 6lgiimler yapilmigtir. Ornek
alinan alanlar arasinda en az 2 km mesafe olmasina
dikkat edilmig, alanin buytkligine goére 5 dekara
kadar 3, 5-10 dekar arasinda 5 ve 10 dekardan daha
buyuk tarlalar i¢in en az 8 cerceve atilarak
gerceklestirilmistir (Bora & Karaca, 1970).

Birim alandaki kiiskiitle bulasik kiltir bitkisi stirglin

sayisinin  belirlenmesi: Yabanci ot yogunlugu;
metrekarede bulunan kuskit ile infekteli bitki
sirgiinlerin  (dal) saymmi yapilarak yogunluk
hesaplamas1 yapilmigtir. Yabanci ot yogunlugu

asagidaki formiil ile hesaplanmistir (Giincan, 2001).
Yogunluk= B/n

B= Alinan 6rnekte toplam birey sayisi

n= Alinan 6rnek sayis1

Kuskiit 6rnekleri Kahramanmaras Siitcii Imam
Universitesi Ziraat Fakiltesi Bitki Koruma Bo6liim
Herbaryumuna getirilmis ve tiirler Flora of Turkey
and the East Aegean Islands (Davis, 1978)e gore

teshis edilmigtir. Kiuskiat yogunlugunun o6lgek
yardimiyla belirlenmesinde yoncanin kiiskiitle
parazitik oram1  Tepe (1997) ve kiiskiit'iin

sekerpancarinda parazitik orami Ustiiner ve Oztiirk
(2018)tin  kullandig1 kiiskiit yogunluk skalas1 esas
alinarak hesaplanmigtir. Bunun igin asagida verilen
Olcutlere gore arazide gozleme dayali yogunluk
degerlendirmeleri yapilmigtir: Yogunluk skalasi;

(1) Kiiskiit yok

(2) Az bulagik (Tepe (1997), Ustiiner ve Oztiirk (2018)
skalasina gore)

(3) Orta seviyede bulagik (Tepe (1997), Ustiiner ve
Oztiirk (2018) skalasina gore)

(4) Bulagik (Tepe (1997), Ustiiner ve Oztiirk (2018)
skalasina gére)

(5) Agir bulagik (Tepe (1997), Ustiiner ve Oztiirk
(2018) skalasina gore)

BULGULAR ve TARTISMA

Bu c¢alismada, Kahramanmaras ilinde 11 ilge
diizeyinde ayri ayr1 kuskit strveyi yapilmistir.
Kahramanmaras bolgesi (Afsin, Andirin,
Caglayancerit, Dulkadiroglu, Ekinézli, Elbistan,

Goksun, Nurhak, Pazarcik Onikisubat ve Tirkoglu)
ilgelerinde 108 farkli bitkiyi parazitleyen 6 adet
kiskiit taksonu Cizelge 1'de verilmigtir.
Kahramanmarag ilcelerine goére belirlenen kiiskiit
tirleri; Caglayancerit, Ekinoziu ve Nurhak ilgelerinde
C. campestris, C. approximata, C. monogyna subsp.
monogyna ve C. lupiliformis; Dulkadiroglu ve
Onikigubat ilcelerinde C. campestris, C. approximata
ve C. pedicellata; Afsin, Elbistan ve Goksun il¢celerinde

1417

C. campestris, C. approximata, C. monogyna subsp.
monogyna ve C. planiflora; Andirin, Turkoglu ve
Pazarcik ilgelerinde ise C. campestris ve C.
approximata tirlerine rastlanmistir. Davise (1978)
gore Kahramanmarasg ilinde iki tiir tespit edilirken bu
arastirma ile 6 kuskit tard belirlenmigtir. Bu
farkliligin nedenleri Turkiye Flora’sinin
hazirlanmasinda yetersiz 6rnekle ¢calisilmasi ve zaman
icerisinde kuskut tohumlarinin insan, hayvan, bocek,
sulama suyu, rluzgar, yagmur, alet ve ekipman gibi
faktorlerle hizla yayilabilmesi olabilir.
Kahramanmarag ili ve ilgelerinde yapilan slrvey
caligmas1 sonucunda tespit edilen kuskit turleri ve
morfolojik 6zellikleri de belirlenmigtir. Buna gore;

Cuscuta campestris Yunck. (Tarla kiiskiitii)

Govde genellikle ipliksi yapida ve beyazimsi-sarimsi
renklidir. Cigek kiimesi kiiremsi olup 3-12 mm ¢apinda
ve yogun c¢iceklidir. Cigek saplari cogunlukla ¢icekten
daha kisadir. Cigekler 2-3 mm uzunlugunda, beyaz
veya krem renkli olup 5 parcgali ve salgi keseleri tagir.
Canak neredeyse tag tupu ile ayn1 boydadir, tag loblar:
oval, dairemsi sekildedir. Pullar yumurtams: sekilde
ve kenarlari derince yirtik goértintmlidir. Erkek
organ; tac loblarindan, iplik¢ikler ise basciklardan
daha kisa veya esittir. Meyve kiiremsi 1-5 mm
capindadir. Tohumlar; yumurtamsi, 1-2 mm, yizeyi
diiz, sarims1 ya da agik kahverengindedir. Cigeklenme
mayis-ekim aylari arasindadir. Polen prolat, subprolat
sekildedir (Davis, 1978; Yuncker, 1932), (Sekil 1).

Cuscuta approximata Bab. (Bagbogan otu)

Govdesi ince veya orta kalinlikta, parlak sar1 veya
kirmizi renklidir. Cigek kiimesi yogun ve 4-15 mm.
capindadir. Cicekler; 2-5 mm. uzunlugunda, sapsiz,
beyaz renkli ve diiz ylzeyli, 5 parcali. Canak loblari
ucgensi-yumurtamsi kismen sert ucglu, etli yapida
belirsiz bir sekilde sigkindir. Tag¢; ¢an seklindedir,
fakat meyve olgunlastiginda kire seklini alhir ve
kalicidir. Tag loblar liggensi ya da yumurtamsi, kit
u¢ludur. Pullar; dikdértgensi, diz veya ayrik, uglari
kismen derince yirtiklidir. Basgiklar tiipten disan
uzanir ve boyu iplik¢ikler kadardir. Meyve basik kiire
seklindedir. Tohumlar; 1-1.5 mm. wuzunlugunda,
yizeyi pirizli, sarimsi ya da agik kahverengindedir.
Ciceklenme mayis-ekim aylar1 arasindadir. Polen
prolat, subprolat sekildedir (Davis, 1978; Yuncker,
1932), (Sekil 2).

Cuscuta pedicellata Ledeb. (Bogmaca otu)

Dallanma gésteren zayif yapil purizsiz gévde sarimsi
kirmizi renktedir. Cigek kiimesi, semsiye veya hemen
hemen basgik seklinde ve 3-9 mm. Capinda olup
genellikle az ¢igeklidir. Cigekler 2-3 mm, uzun sapl,
beyaz renkli, 4 parcalidir. Ta¢ biraz etli yapidadir ve
loblar: tG¢gensi ve kiit ugludur. Ta¢ beyaz veya parlak
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pembe renkli, hemen hemen kiiremsi gekildedir. purizli, sarimsit ya da agk kahverenklidir.
Pullar; dikdértgensi, diiz veya iki parcali ve gagalidir, Ciceklenme mart-agustos aylar1 arasindadir. Polen

kisa puskullidir. Erkek organ iplikciklerden kisadar. subprolat sekildedir (Davis, 1978; Yuncker, 1932),
Tohum yaklagik 1-1.5 mm ¢apinda ve kiiremsi, ylizeyi (Sekil 3).

Sekil.1. C. campestris A) Genel gériiniim B) Tohum C) Polen (A ve B yazarlar tarafindan cekilen orjinal fotograf;
C, © Demir ve ark., (2017)’dan alinmistir.

Figure 1. C. campestris A) General viev B) Seed C) Pollen (A and B original photograph by authors; C, from ©
Demir et al., (2017).

ol 3

g Iz .

kil.2. C. approximata A) Genel gdrﬁnﬁm B) Tohum C) Polen (A ve B yazarlar tarafindan cekilen orjinal
fotograf; C, © Demir ve ark., (2017)’dan alinmistr.

Figure 2. C. approximata A) General viev B) Seed C) Pollen (A and B original photograph by authors; C, from ©
Demir et al,, (2017).
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um C) Polen (A ve B yazarlar tarafindan cekilen orjinal fotograf;

Sekil.3. C. pedicellata A) Genel gériiniim B) Toh
C, © Hamed, (2005)’den alinmistar.
Figure 3. C. pedicellata A) General viev B) Seed C) Pollen (A and B original photograph by authors; C, © from

Hamed, (2005).
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Cuscuta monogyna subsp. monogyna Vahl. (Kizilkurt
otu)

Bitki govdesi orta kalinlikta, beyaz veya kirmizimsi
renkli ve dallanma vardir. Cicek kiimesi birlesik 1-6
ciceklidir. Cicekler 2-6 mm wuzunlugunda ve etli
gérinimde olup beyaz-pembe renkli, sapsiz veya
nadiren kisa saplidir. Canak loblar1 ti¢gensi-ovat

o

sekildedir. Tag¢ loblar1 oval-ovat, kit uclu, tirtikli ve
canak organdan uzundur. Erkek organ sapsiz, tabanda
kismen oyukludur. Pullar kit uglu, kisa diglidir.
Tohumlar; yaklasik 1.5-3.5 mm c¢apinda yumurtamsi,
yuzeyi yivli, sar1 renkli olup olgunlastiginda koyu
kahverengine doéntsmektedir. Ciceklenme haziran-
ekim aylar1 arasindadir. Polen prolat sekildedir

(Davis, 1978; Yuncker, 1932), (Sekil 4).
. g, 64

" A - - i Bl
Sekil.4. C. monogyna A) Genel goriiniim B) Tohum C) Polen (A ve B yazarlar tarafindan cekilen orjinal fotograf;

C, © Demir ve ark., (2017)’dan alinmistir.

Figure 4 C. monogyna A) General viev B) Seed C) Pollen (A and B original photograph by authors; C, from ©

Demir et al., (2017).

Cuscuta lupuliformis Krocker

Govde belirgince kalindir ve kirmizimsi renklidir.
Cicek kumesi 2-10 ¢igekli ve basak seklindedir.
Cicekler 3-5 mm uzunlugunda, sapli, beyaz ya da
pembe renkli, 5 parcalidir. Canak loblar: tiipten uzun,
kit ugludur. Tag tupli ganagin iki kati ve silindirik, dik

A

i' W RIS :‘Q(’ \ 7

yapili, kit ugludur. Erkek organ sapsiz ve tabanda
oyukludur. Pullar sagakhdir. Tohumlar; yaklasik 2-3
mm uzunlugunda yumurtamsi, ylizeyl puruzlg,
sarims1 kahverenktedir. Ciceklenme temmuz-eylil
aylar1 arasindadir. Polen prolat, subprolat sekildedir
(Davis, 1978; Yuncker, 1932), (Sekil 5).

Sekil.5. C. lupuliformis A) Genel gériiniim B) Tohum C) Polen (A ve B yazarlar tarafindan cekilen orjinal,
fotograf C, © Demir ve ark., (2017)’dan alinmistir.
Figure 5. C. lupuliformis A) General viev B) Seed C) Pollen (A and B original photograph by authors; C, from ©

Demir et al, (2017).

Cuscuta planiflora Ten. (Géktenyagan)

Bu kiiskiit tiiriiniin gévdesi (dal) ince ve kirmizimsi
renktedir. Cicek kiimesi 3-7 mm capinda birkac¢ veya
¢ok cigekli, kiiresel ve yogundur. Cigekler 1.5-2.5 mm
uzunlugunda, sapsiz ¢cogunlukla beyaz renkli, kalin ve
5 parcalidir. Canak yaprak ¢ogunlukla tag tiiplerinden
uzun. Loblar tiipten daha uzun, dikdértgensi mizraksi,

yumurtams1 ya da tuggensi, tepede sivri sekillidir.
Basciklar kuciik ve tipi asar. Kapsul kiiresel
sekillidir. Tohumlar; yaklagik 0.7-1 mm ¢apinda,
yumurtamsi, ylzeyi purizli, sarimsi kahverenktedir.
Cigeklenme mart-agustos aylari arasindadir. Polen
prolat sekildedir (Davis, 1978; Yuncker, 1932), (Sekil
6).
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il 6. C. pjanjﬂora A) Genel gériiniim B) Tohum C) Polen (A ve B yazarlar tarafindan cekilen orjinal fotograf;

C, © Demir ve ark., (2017)’dan alinmistir.

Figure 6. C. planiflora A) General viev B) Seed C) Pollen (A and B original photograph by authors; C, from ©

Demir et al., (2017).

Kahramanmarag ilinde yapilan bu arastirmada;
Cuscuta pedicellata, Cuscuta monogyna subsp.
monogyna, Cuscuta lupuliformisve Cuscuta planiflora
turleri ilk kez tespit edilmigtir. Ayni zamanda
morfolojik taksonomisi ile ilgili yapilan ¢alismalar da
ilk kez yapilmigtir. Turkiye’de Cuscuta L. tiirlerinin
morfolojik taksonomisi ile ilgili yapilan ¢alismalar yok
denecek kadar azdir. Nemli (1978)ye gore, Boissier
(1879) ve Yuncker (1932) Anadoludaki Cuscuta
tirlerine deginmelerine ragmen, konu ytlizeysel olarak
ele alinmigtir.

Kahramanmarasg ili ve ilgelerinde rastlanan konukcgu
(konak) tiirleri

Tarim alanlarinda ve diginda tespit edilen kiskiit
(Cuscuta spp.) tirlerinin tam parazit bitki olarak
tuzerinde yasadigi konukcgulari araziden toplanarak
herbaryum o6rnegi haline getirilmis ve tir teshisleri
yapilmigstir. Calisma sonucunda; kiiskit tlrlerinin

Cucurbitaceae/Malvaceae
Amaranthaceae/Lamiaceae/Polygonaceae
Rosaceae

Poaceae/ Solanaceae

Fabaceae
Asteraceae

o
[\

parazitledigi tarla bitkileri, slis bitkileri, meyve
agaclari, orman/park agaclari ve yabanci otlar olmak
uzere 5 farkli grupta konuk¢usu saptanmistir. Bu
konaklardan 23t tarla bitkileri, 7’si meyve agaci, 7’si
siis bitkisi, 9'u orman/park agaci, 62’si yabanci ot tiiri
olmak tizere 35 familyaya ait 108 farkli takson tespit
edilmistir (Sekil 7).

Kiiskiit (Cuscuta spp.) tiirlerinin konukcular:1 5 ana
gruba ayrilmigtir;

Tarimsal bitkiler; seker pancari (Beta vulgaris), nohut
(Cicer arietinum), mercimek (Lens culinaris), patates
(Solanum tuberosum), sogan (Allium cepa), biber
(Capsicum annuum), karpuz (Citrullus lanatus),
kavun (Cucumis melo), hiyar (Cucumis sativus),

domates  (Lycopersicon  esculentum), patlican
(Solanum melongena), nane (Mentha x piperita),
maydanoz (Petroselinum  crispum), miihliye

(Corchorus olitorius) gibi tiirler konak olarak tespit
edilmistir (Cizelge 2).

I
I
I
1

Apiaceae T ——
1
1

Sekil 7. Kiiskiit tiurlerinin tespit edildigi konaklara ait familyalar
Figure 7. Families of hosts where dodder species were detected
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Cizelge 2. Kiiskit tiirlerinin gorildigu tarla bitkileri
Table 2. Field plants with dodder species
Familya ad1 Tar ada Turkece ada
Family Species Turkish name
Apiaceae Petroselinum crispum (Mill.) Fuss Maydanoz
Asteraceae Helianthus annuus L. Aycigegi
Amaranthaceae Beta vulgaris L. Seker pancari
Cucumis sativus L. Hiyar
Cucurbitaceae Citrullus Ianatus (Thumb.) Matsum. et Nakai Karpuz
Cucumis melo L. Kavun
Cicer arietinum L. Nohut
Phaseolus vulgaris L. Fasulye
Fabaceae Lens culinaris Medik. Mercimek
Medicago sativa L. Yonca
Vicia faba L. Bakla
Vigna unguiculata (L.) Walp. Boriilce
Lamiaceae Mentha x piperita L. Nane
Ocimum basilicum L. Feslegen
Liliacea Allium cepa L. Sogan
Poaceae Zea mays L. Masir
Capsicum annuum var. frutescens (L.) Kuntze Sts biberi
C annuum var. grossum (Willd.) Sendtn. Dolmalik biber
Solanaceae C. annum L. Marasg biberi
Solanum melongena L. Patlican
S. tuberosum L. Patates
Lycopersicon esculentum Mill. Domates
Tiliaceae Corchorus olitorius L. Mihliye

Meyve tiirleri; elma (Malus pumila), erik (Prunus x
domestica ), kayis1 (Armeniaca vulgaris), tzim (Vitis
vinifera), igde (FElaeagnus angustifolia), kusburnu

Cizelge 3. Kiskit tiirlerinin gorildigia meyve tiirleri
Table 3. Fruit plants with dodder species

(Rosa canina) gibi tiirler konak olarak tespit edilmistir
(Cizelge 3).

Familya ada Tar ada Turkce ada
Family Species Turkish name
Elaeagnaceae Flaeagnus angustifolia L. Izde
Malus pumila Mill. Elma
Rubus sanctus Schreb. Bogirtlen
Rosaceae Prunus x domestica L. Erik
Armeniaca vulgaris Lam. Kayisi
Rosa canina L. Kusburnu
Vitaceae Vitis vinifera L. Uziim

Siis bitkileri; petunya (Petunia spp.), hasir otu (7ypha
spp.), yabani giil (Rosa canina), kadife cicegi (Tagetes
erecta), gavura cicegi (Gaura lindheimer:) gibi tiirler
konak olarak tespit edilmistir (Cizelge 4).

Park ve Orman agaclary; akasya (Acacia karroo), selvi
kavak (Populus afghanica), sogiit (Salix alba), sach
mese (Quercus cerris), c¢inar (Platanus orientalis),
melez karaagac (Ulmus X hollandica), 1lgin (Tamarix
smyrnensis) gibi tiirler konak olarak tespit edilmistir
(Cizelge 5).
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Yabanci otlar; ebe giimeci (Malva sylvestris), pitrak
(Xanthium  strumarium), sirken (Chenopodium
album), gelic (Sorghum halepense), kamis (Phragmites
australis), bozot (Heliotropium europaeum), zincir
pitrag: (Xanthium spinosum) gibi tiirler konak olarak
tespit edilmistir (Cizelge 6).

Bu arastirmada kiiskiit tiirlerin konak olarak tercih
ettigi bitkilerden Populus afghanica, Salix alba, Acacia
karroo, Fagus orientalis, Quercus cerris, Platanus
orientalis, Paliurus spIna-christi, Tamarix
smyrnensis ve Corchorus olitorius Tirkiye'de ilk kez
tespit edilmistir. Turkiye’de kiiskiit ile yapilan 6nceki
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arastirmalarda bu turlere rastlanilmamistir. ABD
Wisconsin eyaletinde Cuscuta coryli tirine Corylus

Cizelge 4. Kuskut tiirlerinin gorildagu sus bitkileri
Table 4. Ornamental plants with dodder species

spp., Asclepias syriaca, Solidago canadensis ve
Helianthus spp.’de gorilmiistir (Marh, 2024).

Familya ad1 (Family)

Tiir ad1 (Species)

Tiirkce ad1 (Turkish name)

Asteraceae Tagetes erecta L. Kadife ¢icegi

Geraniaceae Pelargonium zonale (L.) L'Hér. ex Aiton Sardunya

Lamiaceae Plectranthus scutellarioides (L..) R.Br. Kolyoz-yaprag giizel

Onagraceae Gaura Iindheimeri Engelm. & A.Gray Gavura cicegi

Rosaceae Rosa canina L. Yabani gul

Solanaceae Petunia spp. Petunya cicegi

Typhaceae Typha spp. Hasir otu

Cizelge 5. Kuskit tiirlerinin gérilduagu park ve orman agaglari
Table 5. Garden and forest trees with dodder species
Familya ad1 Tar ada Tirkege ad1
Family Species Turkish name

Salicaceae Populus afghanica (Aitch. & Hemsl.) C.K.Schneid. Selvi kavak
Salix alba L. Soglt

Fabaceae Acacia karroo Hayne Akasya

Fagaceae Fagus orientalis Lipsky Dogu kayim
Quercus cerris L. Sacli mese

Platanaceae Platanus orientalis L. Cinar

Rhamnaceae Paliurus spina-christi P. Mill. Karacal

Tamaricaceae Tamarix smyrnensis Bunge Ilgin

Ulmaceae Ulmus x hollandica Mill. Melez Karaagag

Kahramanmaras ilcelerine goére belirlenen kiskiit
turleri; Caglayancerit, Ekin6zi ve Nurhak ilgelerinde
Cuscuta campestris, C. approximata, C. monogyna
subsp. monogyna ve C. lupiliformis; Dulkadiroglu ve
Onikigubat ilgelerinde C. campestris, C. approximata
ve C. pedicellata; Afsin, Elbistan ve Goksun ilgelerinde
C. campestris, C. approximata, C. monogyna subsp.
monogyna ve C. planiflora; Andirin, Tirkoglu ve
Pazarcik ilgelerinde ise C. campestris ve C.
approximata turlerine rastlanmigtir.

Kahramanmarag 1ili ve 1ilgelerinde bir¢cok tarla
bitkileri, stuis bitkileri ve yabanci ot tiirlerini infekte
ettigi belirlenen en yaygin kiiskit turtinin C.
campestris oldugu tespit edilmigtir. C. campestris
Turkiye’'de genis bir yayilis alanina sahip olup deniz
seviyesinden 1500 m. yiikseklige kadar gorilebilir. Bu
tirin o6zellikle kiiltir bitkisi ve yabanci otlar olmak
tuzere ¢ok sayida konuk¢usu bulunmaktadir. Biber,
nohut, yonca, seker pancari, sogan, tlitiin, anason ve
kimyon C. campestrisin en yaygin konukgularidir.
Anadolu'da C. campestrisin 55  konukcusu
saptanmigtir. Cogunlukla otsu formda olan bu
bitkilerin 27’sinin tarim bitkisi oldugu belirlenmis en
yaygin olarak bulundugu tir ise Beta vulgaris L.
(pancar) olmustur. Bunu Medicago sativa (yonca),
Trifolium spp. (icgiil), Vicia faba (bakla), Capsium
annuum (biber), Allium cepa (sogan), Daucus carota
(havug), Pimpenalla anisum (anason), Carum carvi
(kimyon), Nicotiana tabacum (tiitin), Vicia sativa (fig),
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Solanum melongena (patlican), Cicer arietinum
(nohut), Asparagus officinalis (kuskonmaz), Vitis
vinifera (asma), Cucumis melo (kavun), Solanum
tuberosum (patates), Lycopersicon esculentum
(domates) ve baz siis bitkilerinin oldugu farkh
calismalarda bildirilmistir (Nemli, 1978; Kadioglu,
1992; Parker & Riches, 1993; Dawson ve ark., 1994;
Nemli ve ark., 2015). Bu literatiirlerdeki veriler elde
ettigimiz konak turlerin bazilariyla benzer olup bazi
turler ise bu ¢calisma ile ilk kez tespit edilmigtir.

Ik kez bu aragtirma ile C. monogyna subsp. monogyna
tart; 1lgin, ségit ve c¢mar gibi park ve orman
agaclarinda, asma, elma ve ¢esitli meyve fidanlar1 gibi
odunsu bitkilerde tespit edilmistir. Kahramanmaras
ilinde yonca alanlarinda sadece C. approximata yaygin
olarak go6zlenmis olup yoncada C. approximata
yayginhigi konusunda Yildirim & Tepe (2014), Tepe ve
ark. (2017), Kaya ve ark. (2018) ile paralellik
gbstermigtir.

Ilk kez bu ¢alisma ile C. lupuliformis tiirine meyve,
park ve orman agaclarinda ozellikle de sulama
kanallar1 boyunca kavak, sogit, kusburnu gibi
tirlerde ve bahge kenarlarinda rastlanmigtir. Ayni
zamanda Aksu nehir yatag: ve kiyisinda kendiliginden
yetigsen, c¢inar, kavak, sogit, 1lgin, mese gibi orman
agaclarinda da yaygin olarak saptanmagtir. Acatay
(1966) tarafindan Bingél, Siirt, Elazi§ orman
bolgelerinde maz1 mesesi tirlerinde C. lupuliformis’in
gorildigu paraleldir.
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Cizelge 6. Kuskit tiirlerinin gérilldiagu yabanc otlar
Table 6. Weeds with dodder species

Familya adi (Family)

Tiir ad1 (Species)

Tiirkce ad1 (Turkish name)

Amaranthus retroflexus L.

Kirmiz1 kokli tilkikuyrugu

Amaranthaceae A. cruentus L. Horoz ibigi
Chenopodium album L. Sirken
Bifora radians M.Bieb. Kokarot
Eryngium creticum Lam. Goz dikeni
FE. kotschyi Boiss. Deve elmasi
Turgenia latifolia (L.) Hoffm. Karaheci
Apiaceae Ammi visnaga (L.) Lam. Dis otu
FEchinophora tenuifolia L. Sar1 ¢orditk
Torilis arvensis (Huds.) Link Dercikotu
Oenanthe aquatica (L.) Poir. Su rezenesi
Scandix australis L. Kiskis
Centaurea virgata Lam. Aci stiptirge
C. carduiformis DC. Peygamber ¢icegi
C. solstitialis L. Cakirdikeni
C. hyalolepis Boiss. Belhok
C. calcitrapa L. Cobankaldiran
Asteraceae Chondrilla juncea L. Karakavuk
Cichorium intybus L. Yabani hindiba
Cirsium arvense (L.) Scop. Kéy gégiiren
Lactuca serriola L. Dikenli yabani marul
Senecio vernalis Waldst. & Kit. Kanarya otu
Xanthium spinosum L. Dikenli pitrak
X strumarium L. Pitrak
Boraginaceae Heliotropium europaeum L. Bozot
Convolvulaceae Convolvulus arvensis L. Tarla Sarmasigi
C. betonicifolius Mill. Buyiik yayilgan
Equisetaceae Fquisetum arvense L. Atkuyrugu
Euphorbiaceae FEuphorbia falcata L. Egri sttlegen
Chrozophora tinctoria (L.) A.Juss. Sigil otu
Astragalus barbeyanus Post Geven
Securigera Iibanotica (Boiss.) Lassen Kivrik otu
Fabaceae Trifolium spp. Uggiil
Vicia sativa L. Fig
Prosopis farcta (Banks & Sol.) J.F.Macbr. Cediotu
Alhagi maurorum Medik. Devedikeni
Hypericaceae Hypericum retusum Aucher ex Jaub. & Spach Kantaron
Lamiaceae Mentha longifolia (L..) L. Yabani nane
Lythraceae Lythrum salicaria L. Kirmizi kan ¢igegi
Malva neglecta Wallr. Ebegiimeci
Malvaceae Hibiscus trionum L. Yabani bamya
Alcea digitata Alef. Boylu hatmi
Onagraceae FEpilobium parviflorum Schreb. Yaki otu
Papaveraceae Fumaria officinalis L. Sahtere otu
Elymus repens (L.) Gould Ayrik otu
E. repens (L.) Gould Ayrik otu
Alopecurus myosuroides Huds. Tilkikuyrugu
Bromus arvensis L. Brom otu
Poaceae Cynodon dactylon (L.) Pers. Kopek disi ayrigi
Digitaria sanguinalis (L) Scop Catal otu
Sorghum halepense (L.) Pers. Kanyas
Setaria viridis (L.) P.Beauv. Yesil kirpi dar
Phragmites austrialis (Cav.) Trin. ex Steud. Kamig
Polygalaceae Polygala pruinosa Boiss. Puslu stitotu
Polygonum aviculare L. Kus madimag
Polygonaceae P. arenastrum Bor. Madimak
P. persicaria L. Sogit otu
Rumex acetosella L. Kuzukulag:
Portulaceae Portulaca olerecea L. Semizotu
Solanaceae Physalis alkekengi L. Giiney feneri
Solanum nigrum L. Kopek tiziimi
Zygophyllaceae Tribulus terrestris L. Demir dikeni
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Bu c¢alisma bulgularindan edile edilen sonuclar
Turkiye’de farklh bolge ve kulturlerde yapilan
calismalar (Kondap & Kumar, 1993; Ustiiner &
Oztiirk, 2018; Ustiiner ve ark., 2019; Dal & Ustiiner,
2020; Almhemed & Ustiiner, 2023; Demir ve ark.,
2024; Elsekran ve ark., 2024) ile uyumludur. Bu
paralellikler dikkate alindiginda kiiskiit taksonlarinin
bitkisel 6zelliklerinin bir alandan farkli bir alana
taginiminda etkili olan faktorler konusunda dikkatli
olunmasi gerektigini ortaya koyar.

SONUC ve ONERILER

Kahramanmarag ilinde tarim alami ve diginda 6
kiiskiit tiri (C. campestris, C. approximata, C.
lupiliformis, C. pedicellata, C. monogyna subsp.
monogyna ve C. planiflora) belirlenmistir. Bu
tirlerden C. campestris 6zellikle tarla, sts bitkileri ve
yabanci otlar tzerinde ¢ok yaygin ve yogun olarak
tespit edilmistir. Yonca tarlalarinda C. approximata
orman ve fidanhklarda ise C. lupuliformis tiri gok
yogun olarak belirlenmigtir.

Kahramanmaras ilinde kiuskiit konukgular:
degiskenlik géstermekle beraber kiiskit’in biyolojik
ozelliklerine gore de farklilik gosterebilir. Bu ilde 6
kiiskiit tura belirlenirken baz konaklar da ilk kez bu
arastirma ile ortaya konmustur. C. monogyna subsp.
monogyna konaklar1 arasinda; Acacia karroo, Populus
afghanica, Salix alba, Quercus cerris, Platanus
orientalis ve Tamarix smyrnensis tirler konak olarak
ilk kez tespit edilmistir. Bu arastirma ile ilk kez meyve
agaclarindan; Malus pumila, Prunus domestica,
Armeniaca vulgaris, Vitis vinifera, FElaeagnus
angustifolia, Rosa canina turler kiiskit’'un konaklar:
olarak tespit edilmistir.

Kahramanmaras 1ili genelinde kuskut turlerin
yogunlugu dikkate almmalidir. Ozellikle tarim
alanlarinda kuskiit tirleriyle miicadele edilirken tarla
kenarlarinda veya yol kenarlarinda gorilen kuskiit
turleriyle de mucadele edilmesi gerekir. Yol, tarla ve
kanal kenarlarinda kuskiit turleriyle miicadele
edilmedigi goézlenmigtir. Tarim alanlarinda kuskiit
cikig1 hava sicakligina bagh olarak degismekle beraber
erken ilkbahar déneminde elle yolma, el capa veya
cikis oOncesi herbisitler ile micadele edilmelidir
(Usttiner, 2020; Ustiiner & Aksoy, 2021). Kiiskiitiin
¢imlenme déneminde veya kiiltiir bitkisine sarilmadan
onceki doénemde 400 g/l Propyzamide herbisit
uygulamasi1 sonucunda etkili oldugu bildirilmigtir
(Giincan & Karaca, 2018). Kiiskiit tiirleri muhakkak
kontrol altinda tutulmas: gereken 6nemli tam parazit
bitkidir.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti
Yazarlar makaleye esit oranda katk:
olduklarini beyan eder.

saglamisg
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Cikar Catismas1 Beyam
Makale yazarlar1 aralarinda herhangi bir cikar
catigsmasi olmadigini beyan ederler.
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ABSTRACT

Plant Protection

The genus Sesbania Adanson (Fabaceae) is recorded for the first time in

the flora of Turkiye. Collected specimens of this genus from Research Article
Tarsus/Mersin are described here as a new record, Sesbania herbacea
(Mill.) McVaugh which is an alien weed. Its detailed morphological Article History
features, Turkish name and photographs in its natural habitat, and the Received 1 15.09.2023
finding location are given in this study. Accepted 113.02.2024
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Tiirkiye I¢in Yeni Bir Cins Kaydi: Sesbania Adanson (Fabaceae)
OZET Bitki Koruma
Sesbania Adanson (Fabaceae) cinsi Tiirkiye'de ilk kez kaydedilmistir. Bu
cinse ait 6rnekler Mersin ilinden toplanmig ve yabaneci orjinli bir yabanci Aragtirma Makalesi
ot tlirti olarak Sesbania herbacea (Mill.) McVaugh. adiyla yeni bir tiir . .
olarak tanimlanmigtir. Ture ait 6rnegin morfolojik o6zellikleri, Turkge Makale T'a I“lh(}e.SI
ismi, dogal yayilim alanindan alinan fotograflari ve bulundugu lokasyon Gelis Tarl}.u' ) 15.09.2023
bu cahsmada verilmistir. Kabul Tarihi :13.02.2024
Anahtar Kelimeler
Sesbania
Fabaceae
Yabanci Ot
Yeni kayit
Turkiye
To Cite : Tiink, S., Cakan, H., Uygur, S. & Uygur, F.N,, (2024). A new genus record for Tiirkiye: Sesbania Adanson
(Fabaceae). KSU J. Agric Nat 276), 1427-1433. https://doi.org/10.18016/ksutarimdoga.vi.1360480
Ataf Sekli: Tink, S., Cakan, H., Uygur, S. & Uygur, F.N., (2024). Tirkiye Icin Yeni Bir Cins Kaydi: Sesbania Adanson
(Fabaceae). KSU Tarim ve Doga Derg 276), 1427-1433. https'//doi.org/10.18016/ksutarimdoga.vi.1360480
INTRODUCTION both drought and waterlogged conditions, prefer

The family Fabaceae Lindl. includes 793 genera
worldwide (POWO, 2024). The genus Sesbania
Adanson, one of its members, is annual or perennial
(trees, shrubs) and is widely distributed throughout
the tropics and subtropics of the world (Evans, 1990;
Lavin & Schrire, 2005). It is a taxonomic group in the
subfamily of Papilionoideae, and it is one of the largest
genera in these three subfamilies (Mimosoideae,
Papilionoideae, and Caesalpinioideae) of the family
Fabaceae, which contains the highest proportion of
species noduled by nitrogen fixative rhizobial bacteria
(Sprent, 2001). Sesbania species which are tolerant of

riparian or wetland habitats, and their ecological
preference is the most unusual compared to especially
their closest relatives (tribes Loteae and Robinieae)
(Evans, 1990; Schrire et al., 2005a, b). Sesbania
herbacea (Mill.) McVaugh. is native to North America
and occurs naturally in the United States from New
York to the Southeast, and southwest to Texas and
California. It is also present in Mexico and Central
America (Sheahan, 2013; POWO, 2024).

There are seventy-two Fabaceae genera in Turkiye
(Giiner et al., 2012). Although there are 60 accepted
species of Sesbania genus in the world, this genus does
not exist in Tiirkiye (POWO, 2024).
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The genus Sesbania Adanson was found for the first
time in Tirkiye as a result of the identification of
Sesbania herbacea. The species is described in detail,
supported by photographs. Additionally, a scientific
Turkish name is suggested for the S. herbaceae
species.

MATERIAL and METHOD

The living plant samples of Sesbania herbacea were
collected in Mersin (S. Tiink, collector number CUBK-
1LEGF-10) during a weed survey in soybean fields at
Adana, Mersin, Osmaniye, and Hatay provinces in
Tiirkiye in September 2021 (Figure 1).

1 3 4 d £ 7 . M
4 | | asd
\ T/ - 41
S |
ey Lt ASTANONU - SINDP
20MaL - o
b3 C .
& # : % o SAMIN gobuM o
A . o Al RS o | _ (ARTVIN) {9
< ¢ opRoran & Q. CANRH EmC 6 AL \
YALONA g)” o Lei] AMASYA ORDY | . RABIIN
| 4 G S ! {, Conuu ToRAT Ry, GOMOSHANE rAES
o, BUISA $ucrix 3 AL
— t ' + T — - ¥dnd &
PULAY ;,’ YORGAT ERZWCAN Aot 1
BALMESIN ESrIEHR I Shas | o]
FUTRHYA ngzm |
oy
Kl | 2 ' N0y w3
MaNtA \ '{ PAYSERI
U5 AV /| Lg F owmmarya AT /- VA%
™IN AFSARAY ’t - T
} n | 2 DivAnpANE & YA
73 A5 3 ‘L fon T — - CR— —1 - il B A 4 : Al 3. e
- { EPRATA AR 5 ! vnx\”’x = HInT -
Ao pevaL : RN . T 3 -
“Sdn
SUnDLm ‘.CL:"‘: % * i A Qi Arv I
. ? aziwre l
C ” N A - N
MUGLA o
{ .*"' el ny
s , ¢
MATAY
: 0 100 200
ik wm »

"

v

» L AL a“

Figure 1. Collecting site of hemp sesbania (Seshania herbacea) in Tirkiye [The map of Tiirkiye according to the

grid system of P. H. Davis (1965)].

Sekil 1. Akasya Otu (Sesbania herbacea)nun Tiirkiye'de goriildiigii yer (P. H. Davis (1965) de kareleme sistemine

gore Tiirkiye haritasi).

The specimens of this species were photographed and
dried according to the herbarium techniques, and then
the necessary morphological examinations were made
on them. The voucher specimens were kept at the
Herbarium of the Plant Protection Department of
Cukurova University. When we checked the Flora of
Turkey, we found that plant taxa were not found in the
flora. On top of this, the species was identified and
determined using the diagnostic key of the possible
land of origin (North America) (Anonymous, 2024;
Farruggia, 2009). The description of the species was
written according to the data obtained in this study.
This material was photographed under the DMSZ7P
Digital Microscope to determine the seed and dissected
flower properties.

RESULTS
Sesbania Adanson

Annual or perennial herbs, shrubs, or small trees.
Stems and twigs unarmed or with prickles.
Indumentum simple. Stipules are usually present.
Leaves alternate, once paripinnate, Leaflets opposite
or subopposite. Inflorescences racemes or panicles,

ascending, lax or pendant, axillary; bracts and paired
bracteoles early deciduous. Flowers 1-12; calyx
campanulate; teeth subequal, shorter than the tube;
corolla glabrous, pale yellow, orange to orange-red;
stamens 9+1, diadelphous, anthers dorsifixed; pistil
glabrous or style with spreading hairs; stigma capitate
or slightly elongate, at the same position as anthers;
ovules 1-many. The pod is usually long, dehiscent,
beaked, sometimes winged, and transversely septate
(Gillett, 1963; Brummitt et al., 2007).

Farruggia et al. (2018) mentioned the variation among
the fruits of Sesbania in their study based on different
research (Rydberg, 1923; Gillett, 1963; Hutchinson,
1964; Lavin & Sousa, 1995). It was grouped as;

1) Tardily dehiscent, linear, and many-seeded (e.g. S.
sect. Seshania);

2) Tardily dehiscent, torulose, and few- to several-
seeded (S. sect. Daubentoniopsis (Rydb.) Lavin;

3) Tardily dehiscent, bladdery-inflated, and 2-seeded
(S. sect. Glottidium (Desv.) Lavin) and 4) Sometimes

indehiscent, quadrangular to 4-winged, and several
seeded (S. sect. Daubentonia (DC.) Benth.).
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This newly recorded genus of Sesbania taxonomically
takes part in the clade of Robinioids. This clade could
also comprise the tribes of Sesbanieae, Robinieae, and
Lotaeae. This new record is represented by these three
tribes in the Flora of Turkey. There is no close genera
to Sesbania in the flora of Tirkiye.

Sesbania herbacea (Mill.) McVaugh
Turkish Name: Akasya Otu

Annual or semi-woody perennial herbs. Stems, erect,
glabrous, mostly herbaceous, become woody when it
gets older. The plant can grow up to 3.5 m in height
(Figure 2). Its leaves are alternate, pinnately
compound, 7-20 c¢m; stipules 10.0-10.3 mm. The leaves
have 20 to 72 oppositely arranged leaflets. Leaflets, oblong
to linear, entire, mostly glabrous, (9.0-)15-24(-30) mm
long, (1.0-)3.0-5.0(-6.0) mm wide. Inflorescences
racemes, in axial, glabrous; peduncle (3-) 13.0-17.0(-
43) mm (Figure 2). Flowers, hermaphrodite,
papilionaceous and zygomorphic. Flower size (10.0-
)15.0-17.0(-20.0) mm long; calyx radial, (4.0-)5.0-6.0(-
8.0) mm long, teeth 5, subulate-acuminate, (0.6-)1.4-
1.6(-2.6) mm long; calyx tube rim with short hairs, the

-~
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v Figure 2. Hemp sesbania (Sesbania herbacea) in soybean field (S. Tiink, CU

banner of petals yellow-orange with purplish spots on
the outer surface, ovate to obovate, (7.0-)12.0-13.0(-
16.0) mm long, (6-)13.0-14.0(-17.0) mm wide; wings of
petals yellow-orange, (7.0-)11.0-12.0(-14.0) mm long,
(2.5-)4.0-5.0(-6.0) mm wide; keel yellow-orange, purple
or maroon at apex, apex rounded-acute, (7.2-)10.0-
11.0(-13) mm long, (4.2-)6.0-7.5(-8.0) mm wide; stamen
strongly curved inward within keel; style curved back
towards banner (Figure 3). Roots contain nodules that
fix nitrogen on both below-ground roots and laterally
on above-ground stems (Figure 4). Legumes, a linear
pod, brown with maroon-red mottling, (82-)180.0-
220.0 (-254.0) mm long, (2.0)2.3-3.0(4.0) mm wide;
stipe (2.5-)4.0-6.0(-8.5) mm in fruit; beak (3-)5.0-6.0(-
11.0) mm, narrowly tapering (Figure 5). Seeds are
oblong, green-brown, brownish, generally with purple-
black mottling, 3.0-4.0 mm long (Figure 6).

Flowering/Fruiting season: July-October

Examined material: South of Turkiye, Mersin, Tarsus,
a soybean field, S. Tink, CUBK-1LEGF-10 (Cukurova

of Plant

Dept.

University, Agricultural Faculty,
Protection Herbarium)

BK-1LEGF-10)

Sekil 2. Soya tarlasinda Akasya Otu (Sesbania herbacea) (S. Tiink, CUBK-1LEGF-10).

As a conclusion, the number of Fabaceae genus
increased by seventy-two due to the new record of
genus Sesbania in Tirkiye. Also, Sesbania herbacea is
the first species of the genus. The increase in plant
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diversity research in Tirkiye leads to the definition of
new taxa and the determination of new record plant
taxa for Tirkiye (Behcet & Altinsoy, 2023).
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Figure 3. Flowers of hemp sesbania (Sesbania herbacea) (Scale 1 mm) (S. Tink, CUBK-1LEGF-10).
Sekil 3. Akasya Otu (Sesbania herbacea)’ nun ¢igekleri (Olgek 1mm) (S. Tiink, CUBK-1LEGF-10).

Figure 4. Root and root nodules of hemp sesbania (Sesbania herbacea) (S. Tiink, CUBK-1LEGF-10).
Sekil 4. Akasya Otu (Seshania herbacea) nun kék ve kék nodiilleri (S. Tiink, CUBK-1LEGF-10).
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Figure 5. Fruits of hemp sesbania (Sesbania herbacea) (Scale 1 mm) (S. Tink, CUBK-1LEGF-10).
Sekil 5. Akasya Otu (Seshania herbacea)nun meyveleri (Olgek 1mm) (S. Tiink, CUBK-1LEGF-10).

DISCUSSION

Sesbania herbacea species belonging to the genus
Sesbania were observed as seeds in the soybean
harvested material at Tarsus/Mersin in 2020. During
the weed surveys carried out in Tarsus in August-
September 2021, the plant was found in the soybean
field. This species determined that it is not native to
the flora of Turkiye like Sida spinosa belonging to the
new record genus Sida (Tink et al., 2024).

S. herbacea is found on sandy soils, shallow flooded
areas, disturbed habitats, and cultivated fields. It is a
semi-woody plant and can be grown as a perennial
legume in frost-free regions, and as an annual warm-
season legume in frost regions because it dies from
frost (Sheahan, 2013). This weed has symbiotic
associations with FRhizobium bacteria that perform
nitrogen fixation in its roots and mycorrhizal fungi
(Aziz et al., 1995; Wang & Martinez-Romero, 2000).

It prefers clay and heavy loamy soils but grows poorly
in sandy soils (Johnston et al., 1979, McWhorter &
Anderson 1979).

Sesbania species have alkaloids called saponins, which
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Figure 6. Seeds of hemp sesbania (Sesbania herbacea) (Scale 1 mm) (S. Tiink, CUBK-1LEGF-10).
Sekil 6. Akasya Otu (Seshania herbacea)nun tohumlari (Olgek 1mm) (S. Tiink, CUBK-1LEGF-10).

are poisonous to cattle and can cause death (Allen &
Allen, 1981; Powell et al., 1990). However, the leaves
and seeds of S. herbacea are non-toxic and its saponins
are not harmful to ruminants (Evans & Rotar, 1987).
Also, it does not contain toxic sesbanimides (Powell et
al., 1990); but it can have low toxicity in domestic
animals (Burrows & Tyrl, 2001).

Sesbania herbacea can easily become an invasive
weed. It is an important weed that is a problem in
soybean, cotton, sweet potato, rice, and summer crops
in the world (Evan & Rotar, 1987; Smith, 1968; Woon,
1987, Norsworthy & Oliver, 2002). It can grow rapidly
and increase its population in cash crops such as
soybeans. Since it supports nitrogen-fixing symbiotic
bacteria, it relatively does not need soil nitrogen for
growth. It produces root exudates that inhibit soybean
nodulation, so nitrogen fertilization sometimes allows
soybeans to compete with this weed (King & Purcell,
1997). Since it tends to colonize the edges of waterways
and spread seeds by water, it can easily spread over
large areas by running water (Meert & Hester, 2009).

The economic threshold of
approximately 0.5 plants/m2

S.  herbacea is
in soybean fields
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(McWhorter & Anderson, 1979). In its management,
sowing soybeans early helps the soybean to grow more
competitively against S. herbacea (King & Purcell,
1997). Tillage with a tine weeder and rotary hoe is
partially effective in the control. This species does not
usually emerge until late July or early August, but
most competition occurs 4-10 weeks after soybean
emergence (McWhorter & Anderson, 1979). However,
it should be mowed just after flowering has begun to
reduce seed production (Norsworthy & Oliver, 2002).
On the other hand, In the control of this species, no pre
or post-emergence herbicide could provide enough
control throughout the season (Bryson, 1990). This
shows us that this species can be harmful weed species
in soybean and other irrigable cultures.
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ABSTRACT Field Crops
In this study, the effects of liquid seaweed on seed germination and .
seedling growth in some winter cereal species (triticale, barley, and Research Article

wheat) were investigated. In the study, 6 different doses (DO: tap } }
water D1:1000 ppm L1 D2:2000 ppm L7, D3:4000 ppm L1, D4:8000  Article History
ppm L1, D5:16000 ppm L) of seaweed were used. The experiment was Received £ 23.02.2024

conducted according to the split-plot trial design in random plots with Accepted ©27.05.2024
3 replications. Germination rate (%), radicle plumule and seedling

length (cm), seedling fresh weight (g), seedling dry weight (g), and Keywords

seedling vigor index were measured during the 14-day development Germination

period of cereal species at all seaweed doses. According to the study Dose

findings, except for germination rate in the cereal species; significant Seawged

differences were found between the mean values of all the properties Se.edhng development
examined in the cereal types, fertilizer doses, and species x dose Winter cereals

interactions. Wheat among cereals had the highest values regarding
radicula length, seedling vigor index, seedling dry weight, plumule
length, and seedling length. D2 dose from the doses of seaweed
fertilizer form; germination rate, seedling vigor index, seedling dry
weight, seedling fresh weight, plumule length, and seedling length
were found to have the highest values, while D5 dose was the lowest.
In terms of species x dose interaction, Germination rate, radicle
length, seedling vigor index, and seedling length were found to be high
in TxD1 interaction. Germination rate was found to be high in HxDO
interaction. Germination rate, radicle length, seedling vigor index,
and seedling dry weight were found to be high in WxD2 interaction.
As a result, in the germination study with liquid seaweed, D2 doses
for wheat, D1 and D2 doses for triticale, DO, D1, and D2 doses for
barley were found as encouraging.

Organik Kékenli Sivi Deniz Yosununun Bazi Serin Tklim Tahil Tiirlerinde Tohum Cimlenmesi ve Fide
Geligimi Uzerine Etkisi

OZET Tarla Bitkileri
Bu ¢alismada sivi deniz yosununun bazi kiglik tahil tiirlerinde tohum }
cimlenmesi ve fide biiylimesi iizerine etkileri arastirilmistir. Aragtirma Makalesi

Arastirmada 6 farkli dozda (DO: saf su, D1:1000 ppm L, D2:2000 ppm

L1, D3:4000 ppm L7, D4:8000 ppm L7, D5:16000 ppm L1)deniz  Makale Tarihgesi

yosunu kullanildi. Deneme tesaduf parsellerinde boliinmiis parseller Gelis Tarihi  :23.02.2024
deneme desenine gore 3 tekerriirlii olarak yurutilmustir. Tahal Kabul Tarihi :27.05.2024
turlerinin 14 giinliik gelisim periyodu boyunca tim deniz yosunu

dozlarinda ¢imlenme orani (%), radikula. plumulu ve fide uzunlugu Apahtar Kelimeler
(em), fide yas agirhg (g), fide kuru agirhg (g) ve vigor indeksi l¢tildii. Cimlenme
Arastirma bulgularina gore tahil tirlerinde ¢gimlenme orani disinda DOZ'

tahal tiirleri, giibre dozlar: ve tir x doz etkilesimlerinde incelenen tim D?mz yosunu
ozelliklerin  ortalama degerleri arasmnda ¢nemli farkhiliklar ~ Fide gelisimi
bulunmustur. Tahillar arasinda bugday, radikula uzunlugu, vigor Serin iklim tahillary

indeksi, fide kuru agirhigi, plumula uzunlugu ve fide uzunlugu
bakimindan en yilksek degerleri elde etmigtir. Deniz yosunu
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giibresinin dozlarindan D2 dozu; ¢gimlenme orani, vigor indeksi, fide
kuru agirhg, fide yas agirligi, plumula uzunlugu ve fide uzunlugu en
yiksek degerlere sahip olurken, D5 dozu en disik degerlere sahip
olmustur. Turxdoz etkilesimi acisindan bakildiginda TxD1
etkilesiminde ¢imlenme orani, radikula uzunlugu, vigor indeksi ve
fide uzunlugu yuksek bulunmustur. HxDO etkilesiminde ¢imlenme
oranm1 yiikksek bulunmustur. WxD2 etkilesiminde ¢imlenme orani,
radikula uzunlugu ve vigor indeksi ile fide kuru agirhginin yuksek
oldugu tespit edilmistir. Sonug¢ olarak sivi deniz yosunu ile yapilan
¢imlendirme ¢alismasinda bugday igin D2 dozlari, tritikale i¢in D1 ve
D2 dozlari, arpa i¢cin DO, D1 ve D2 dozlari tesvik edici bulunmustur.
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INTRODUCTION

Winter and spring cereals have an important place in
terms of cultivation area and production in the world
and Turkiye. Especially in terms of winter cereals,
Turkiye has a suitable ecology. Because Turkiye is a
part of the Fertile Crescent and the most important
gene center of winter cereals. Therefore, the
cultivation of barley (Hordeum sp.), oat (Avena sp.),
rye (Secale sp.), and triticale (Triticale) species,
especially bread wheat (7riticum aestivum L.) and
durum wheat (7riticum durum L1.), is carried out
intensively in Turkiye.

According to TURKSTAT (2022), cereal sufficiency in
Turkiye in 2020 was 97.4%. However, sufficiency in
wheat was the highest with 102.3%. Among the winter
cereals in the same year, the cultivation area of wheat
was 5664180 ha for grain and 17866 ha for green grass.
Wheat production was 16500000 tons for grain and
348838 tons for green grass. In wheat yield, grain was
2920 kg hal and green grass was 19530 kg hal. The
cultivation area of barley was 2904637 ha in grain and
31319 ha in green grass. In addition, while the
production of barley was 7700000 tons in grain and
537066 tons in green grass, the yield was 26500 kg ha-
1 for grain and 17150 kg ha! for green grass. The
cultivation area of triticale was recorded as 81115 ha
for grain and 35009 ha for green grass. Triticale
production was 276212 tons for grain and 558643 tons
for green grass. In the yield, grain was 3410 kg ha'!
and green grass was 15960 kg ha.

The issue that can be an alternative to chemical
fertilizers or reduce their negative effects is the use of
organic fertilizers in agricultural production. Seaweed
fertilizer is one of the organic soil conditioners
containing humic acid, which positively affects the
development of the plant. Organic fertilizers or
fertilizer forms provide root development by increasing
the oxygen content of the soil and its water-holding
capacity and protecting the structure of the soil by

reducing salinity in the soil (Kaya & Erdénmez, 2020).
This seaweed, a form of organic fertilizer used
versatilely in modern agriculture to improve plant
growth and increase productivity is a valuable marine
resource (Nanda et al., 2021) Seaweed is a form of
organic fertilizer that increases germination, helps
root development, protects plants against diseases,
and pests and prolongs the life of the plant (Hong et
al., 1995). For this reason, this study was carried out
to determine the effects of seaweed applied in different
doses on seed germination and seedling growth in
wheat, barley, and triticale, which are winter cereals
that have an important place in terms of production
and consumption in the world and Turkiye.

MATERIAL and METHOD

The seaweed fertilizer used in the study was produced
by Kristal AG Kimya Tarim Sanayi ve Ticaret Ltd.
Information about the fertilizer content is given below
(Table 1).

Table 1. Seaweed fertilizer’s content and amount
Cizelge 1. Deniz yosunu giibresinin icerigi ve miktari

Seaweed Fertilizer Content Amount
Organic Matter (%) 15.00
Organic Carbon (%) 10.00
Total Nitrogen (%) 1.00
Water-soluble Potassium Oxide 2.00
(K20) (%) ’
Alginic Acid (%) 1.50
Gibberellic Acid (ppm) 0.40
pH 4.00-6.00

1435

This research was carried out in the climate cabinet of
Kahramanmaras Siitcii Imam University Faculty of
Agriculture Department of Field Crops Laboratory in
April 2021. In the study, triticale (T: Aysehanim
variety). 2-row barley (B: Novosadski variety 565). and
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bread wheat (W: Balkoni variety). which are winter
cereal species. were used as seeds.

In the research, liquid seaweed fertilizer form was
applied in 6 different ways as control (DO: tap water)
and 5 doses (D1:1000 ppm L-1. D2:2000 ppm L-..
D3:4000 ppm L-t. D4:8000 ppm L-1. D5:16000 ppm L-
1) (Kaya & Erdénmez. 2020). Tap water was used in the
preparation of the doses. The experiment was carried
out in 3 replications according to the split-plot trial
design in random plots. After covering the bottom of
120 mm petri dishes with 2 layers of blotting paper.
blotting papers were wetted with 12 ml of prepared
solutions. The surface sterilization process was applied
to 25 healthy seeds from each cereal type in a 5%
NaOCl (sodium hypochlorite) solution for 5 minutes.

Afterward, the seeds were washed in tap water and
sown in petri dishes to which the solution was added.
Petri dishes were covered with parafilm (PM-992) in
order to prevent the evaporation of irrigation water at
different doses applied and left to germinate for 14
days in an incubator at 20+2 °C. Measurements for
germination and seedling development were made on
the 15th day.

In the experiment in cereal species, properties such as
germination rate (GR) (%), radicle length (RL) (cm),
plumule length (PL) (cm), seedling length (PL) (cm),
seedling fresh weight (SFW) (g), seedling dry weight
(SDW) (g) and seedling vigor index (SVI) were
investigated. Images of the research are given below
(Figure 1-8).

Tritikale(7riticale L.
1st dose 1st recurrence

Figure 1. 6th dose 1st recurrence of triticale
Sekil 1. 6. doz 1. tritikale niiksti

Hordeum vulgare L.
2th dose 1st recurrence

Figure 3. In barley 2th dose 1st recurrence
Sekil 3. Arpada 2. doz 1. niiks

Triticale L.
1st dose 3rd recurrence

Figure 5. In triticale 1st dose 3th ~ Recurrence

Sekil 6. Tritikalede 1. Doz 3. niiks

Figure 2. In triticale 1st dose 1st Recurrence
Sekil 1. 6. doz 1. tritikale niiksii

Triticum aestivum L.
2th dose 1st recurrence

Figure 4. In wheat 2th Dose 1st Recurrence
Sekil 4. f?a gdayda 2. doz 1. niiks

Triticale L.
1st dose 1st
recurrence

Figure 6. In triticale 1st dose 1st Recurrence
Sekil 6. Tritikalede 1. Doz 1. niiks
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Triticale L.
1st dose 3rd recurrence

Figure 7. In triticale 1st dose 3th Recurrence
Sekil 7. Tritikalede 1. Doz 3. niiks

The germination rate of the examined traits was found
by counting the germinated seeds and dividing by the
total number of seeds. and multiplying by 100. Radicle
and plumule lengths were measured separately with
the help of a caliper and then the seedling length was
calculated by summing the radicle and plumule
lengths. The fresh weights of the radicle and plumule
length were pondered and the fresh weight of the
collected seedlings was found. Then, the dry weight of
the seedlings was calculated when they reached a
constant temperature in the oven at 70°C. The seedling
vigor index was obtained by multiplying the
germination rate by the seedling length.

Statistical Analysis of Data

All data obtained from the research were processed by
SAS (V. 9.0. 2002) statistical package. All the data
were analyzed using analysis of variance (ANOVA)
according to the split-plot trial design in random plots.
Averages were compared by the Least Significant
Difference multiple comparison test (Steel & Torrie,
1980).

RESULTS and DISCUSSION

The average values of the effects of seaweed doses on
the seedling growth and germination rate of wheat,

Figure 8. In the laboratory. on the 15th day after
placing, while seeds are measured for
germination and seedling development

Sekil 8. Laboratuvarda. yerlestirmeden sonraki 15.

glinde; tohumlar ¢imlenme ve fide gelisimi
i¢in olgiiliirken

barley, and triticale seeds are given in Tables 2,3, 4,
and 5.

Germination Rate (%)

According to the variance analysis results obtained,
the difference between the doses was statistically very
significant (p<0.001) in terms of germination rate, the
difference between species x dose and species was
insignificant (Table 2, Table 3, Table 4).

The germination rate of cereal species varied between
96.00-98.44 % (Table 2). The germination rate of the
doses ranged from 92.00% to 100.00%. While the
highest germination rate was observed in D0, D1, D2,
and D3 (100.00, 100.00, 99.11, and 97.78 %,
respectively) doses, the lowest germination rate was
found in D4 and D5 doses (Table 3). Within the doses,
D4 and D5 seem to have limits on the germination rate.
The germination rate of the species x dose interaction
varied between 86.67%-100.00%. In the species x dose
interaction, the highest germination rate was found in
TDO, TD1, TD2, TD4, BDO, BD1, WDO, WD1, and
WD2, while the lowest germination rate was found in
WD4 (Table 4).

Table 2. Mean values of GR, RL, PL, SL, SWF, SDW, and SVI across species
Cizelge 2. Tiirler arasinda GR, RL, PL, SL, SWF, SDW ve SVI ortalama degerleri.

Species (S)

Features T B W S average LSD (0.05) S

GR (%) 98.44 96.00 96.00 96.81 -
RL (cm) 10.95 b 492 ¢ 11.95 a 9.27 0.55%*
PL (cm) 13.17 b 13.81 a 13.84 a 13.61 0.58*
SL (cm) 24.12 b 18.73 ¢ 25.79 a 22.88 0.89**
SFW (g) 3.58 3.31 3.34 3.41 -
SDW (g) 0.18 b 0.19 b 0.24 a 0.20 0.02%*
SVI 2390.17 a 1797.99 b 2492.68 a 2226.95 118.72%*

GR: germination rate RL: radicle length PL: plumule length SL: seedling length SFW: seedling fresh weight SDW:
seedling dry weight SVI: seedling vigor index. T: triticale B: barley W: wheat *: P<0.05 **:P<0.01.
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Table 3. Mean values of GR, RL, PL, SL, SWF, SDW, and SVI in seaweed doses.
Cizelge 3. Deniz yosunu dozlarinda Deniz yosunu dozlarinda GR, RL, PL, SL, SWF, SDW ve SVI ortalama

degerlersi.
Doses (ppm L1)

Features DO D1 D2 D3 D4 D5 Dose LSD

average (0.05)
GR (%) 100.00 a 100.00 a 99.11 a 97.78 a  92.00 b 92.00 b 96.82 3.39 **
RL (cm) 13.02 a 11.62 b 12.37 ab 8.51 ¢ 6.66 d 3.46 e 9.27 0.79 **
PL (cm) 13.14 b 12.61 be 14.98 a 1324 b 1539 a 12.27 ¢ 13.60 0.82 **
SL (cm) 26.16 a 2423 b 27.35 a 21.76 ¢ 22.05 ¢ 15.73 d 22.88 1.26 **
SFW (g) 3.64 a 3.54 ab 3.70 a 3.40 b 3.27 b 2.88 ¢ 3.40 0.35 **
SDW (g) 021 b 0.18 cd 0.31 a 0.15 d 0.19 be 0.16 d 0.20 0.02 **
SVI 2616.23 a  2423.22 b 2716.07 a 213454 ¢ 2019.95 ¢ 1451.66 d 2226.95 160.82 **

GR: germination rate RL: radicle length PL: plumule length SL: seedling length SFW: seedling fresh weight SDW: seedling dry
weight SVI: seedling vigor index. Fertilizer Doses D0: Kontrol D1: 1000 ppm L D2: 2000 ppm L D3: 4000 ppm L D4: 8000
ppm L1 D5: 16000 ppm L. The same letters in each line are in the same group. In multiple comparison test; **:P<0.01.

Table 4. Mean GR. RL. PL. SL. SFW. SDW and SVI values in seaweed doses of species.
Cizelge 4. Ortalama GR. RL. PL. SL. SFW. Tiirlerin deniz yosunu dozlarinda SDW ve SVI degerleri.

Doses

Species (S) . GR (%) RL (cm) PL (cm) SL (cm)
(ppm L1)

T DO 100.00 = 0.00 14.36 + 0.65 bc 13.63 = 0.10 c-f 27.99 +0.67 bed
D1 100.00 = 0.00 17.11 + 0.80 a 15.23 + 0.63 a-e 32.34 141 a
D2 100.00 + 0.00 15.18 + 0.47 ab 14.42 + 0.28 b-e 2960 =+0.66 abc
D3 98.67 + 1.33 9.09 + 046 d 1290 + 0.29 eh 2199 +044 e
D4 100.00 + 0.00 6.48 =+ 0.21 ef 13.31 + 062 dg 1979 =+0.61 e
D5 92.00 + 231 348 <+ 0.24 gh 9.53 = 0.51 j 13.01 +0.60 f

B DO 100.00 = 0.00 829 + 0.09 de 13.88 + 0.53 cde 22.17 +0.61 e
D1 100.00 + 0.00 3.94 =+ 0.15 g 11.10 + 0.63 hij 15.04 +0.75 f
D2 97.33 + 1.33 495 =+ 0.33 fg 16.35 + 0.49 ab 21.31 +0.37 e
D3 96.00 + 231 3.83 =+ 0.26 gh 10.39 = 0.48 ij 14.22 +0.58 f
D4 89.33 + 581 390 + 0.15 g 10.70 + 0.46 abc  19.60 +0.61 e
D5 93.33 + 353 4.60 =+ 0.32 fg 1543 + 0.82 a-d  20.04 +1.03 e

W DO 100.00 £ 0.00 16.40 + 0.47 a 11.92 + 0.60 f-i 2833 +1.06 bc
D1 100.00 + 0.00 13.82 + 0.88 bc 11.49 + 0.43 g 25.31 +0.07 d
D2 100.00 + 0.00 16.97 + 0.85 a 14.17 + 0.49 cde 31.15 +1.12 ab
D3 98.67 + 1.33 1262 + 0.80 ¢ 16.44 + 0.51 ab 29.06 +1.25 bc
D4 86.67 + 267 961 + 054 d 17.15 + 0.70 a 26.77 +1.16 cd
D5 90.67 + 1.33 229 + 0.1 h 11.85 + 0.43 fi 14.14 +0.41 f

Overall Average 96.81 9.27 13.33 22.88

LSD (0.05) SxD - 2.41%% 2.49%* 3.96%*

CV (%) 3.63 8.83 6.30 5.74

T: triticale. B: barley. W: wheat. GR: germination rate RL: radicle length PL: plumule length SL: seedling length CV: coefficient
of variation T: species. D: dose. Fertilizer Doses; DO: control. D1: 1000 ppm L D2: 2000 ppm L D3: 4000 ppm L1 D4: 8000
ppm L1 D5: 16000 ppm L1 There is no statistical difference between the same capital letters in the same column. There is no
statistical difference between the same lowercase letters in the same column. In multiple comparison test; *: P<0.05 **:P<0.01.

In their previous studies on seaweed, Kaya &
Erdonmez (2020) in their research to determine the
effect of 6 different doses (DO: control, D1:1000 ppm L-
1, D2:2000 ppm L1, D3:4000 ppm L, D4:8000 ppm L-
1 D5:16000 ppm L1) of seaweed on soybean
germination and seedling development; they found the
highest germination rate at 84.00% to D2 dose and the
lowest germination rate at 20.00% to D5 fertilizer dose.
In the study, it was detected that the germination rate
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decreased with the increase of the seaweed fertilizer
dose, except for the control application, and this is
consistent with our findings. Demirkaya (2016), in her
study, examined the effect of germination rate in
pepper seeds on the osmotic conditioning of seaweed
extract applied at different times and doses with
Methyl Jasmonate at different times. As a result of the
data obtained, it was observed that the germination
rate of pepper seeds would increase with seaweed
extract at both 20 °C and 15 °C, the application period
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of which was 1 day. Méller and Smith (1999)
investigated the water sensitivity of seaweed
suspensions from Ascophyllum nodosum (Linnaeus) Le
Jolis (ANS) and Laminaria hyperborea (Gunn.) Foslie
(LHS) in barley seeds in their study. As a result of the
research, they reported that both seaweeds did not
reduce the viability of barley seed but increased
germination. Zodape (2001) reported in her study that
the application of seaweed material before planting
increased the germination rate of many vegetable
seeds. As can be understood from the studies, it is seen
that the germination rate varies depending on the type
of plant used, variety, and seed size. Hong et al. (2007)
found in their study that 20% of brown seaweed
increased the seed germination percentage and
produced a lower germination rate of 100%. Altuner et
al. (2019) found in their study that the highest
germination rate in the application of salt stress (0, 50,
100, and 200 mM) and gibberellic acid (0,100,200 and
300 ppm) to triticale seeds was 70.2% in the
application of 300 ppm gibberellic acid in 0 mM salt
stress.

Radicle Length (cm)

According to the results of the analysis of variance, it
was determined that the statistical difference between
the cereal types, doses, and species x dose interaction
(p<0.001) in terms of radicle length was very important
(Table 2, Table 3, Table 4). The radicle length of the
cereal species was found to be between 4.92 cm and
11.95 c¢cm. While the highest radicle length was
observed in W among cereal species, the shortest
radicle length was found in B (Table 2). The radicle
length of the doses was observed between 3.46 cm and
13.02 cm. While the longest radicle length was
observed in the DO dose, the shortest radicle length
was found in the D5 dose. Among the doses, the D5
dose seems to have a limiting effect on the radicle
length (Table 3). The radicle length of the species x
dose interaction ranged from 2.29 cm to 17.11 cm.
Within the species x dose interaction, the highest
radicle length was found in TD1, WD2, and WDO
(17.11, 16.97, and 16.40 cm, respectively). and the
shortest radicle length was found in WD5 (Table 4). In
their previous studies on seaweed. Kaya & Erdonmez
(2020) found the highest radicle length at 10.01 cm at
a dose of D2, and the shortest radicle length at a
fertilizer dose of 3.58 cm at D5. In the study, it was
observed that the radicle length decreased with the
increase of the seaweed fertilizer dose, except for the
control application. and their findings support our
findings. Bat et al. (2019) investigated the effects of
seaweed doses (0 (control), 2, 4, and 6 cc L-1) applied in
viols on echinacea plants under drought stress. As a
result of the study, the highest radicle length was
obtained in the seaweed extract application at 16.17
cm, and the shortest radicle length in the 6 cc L1
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application was obtained in the control application at
13.28cm. Mrogan & Tarjan. (1980) reported that
seaweed material applied to tomato plants increased
root growth in their study. Finnie & Staden (1985). in
their study. found that the extract obtained from the
seaweed material of Ecklonia maxima (sea bamboo)
increased rooting in tomato plants. Kara et al. (2019)
investigated the effect of seaweed applications (control
(0), 2, 4, and 6 cc L") on salt stress (control, NaCl, KCI,
and CaCly) in the echinacea plant. As a result of the
research, they reported that the highest average
radicle length was obtained with 14.8 cm at the dose of
6 cc L'l seaweed, and the lowest average radicle length
was obtained at 13.4 cm in the control application. As
can be understood from the studies, the difference in
seed size in different plant species and cultivars affects
the root length. Giingér et al. (2017), in their study
investigating the effect of different doses of salt
concentration (0, 50, 100 mM) on the radicula length of
the oat plant, observed that the highest radicle length
was 6.87 cm at 0 mM salt concentration.

Plumule Length (cm)

In the analysis of variance, the difference between
doses and species x dose interaction in terms of
plumule length was found to be statistically significant
(p<0.001) while the difference between cereal species
was significant (p=0.042) (Table 2, Table 3, Table 4).
The plumule length of the cereal species was stated to
be between 13.17-13.84 cm. While the highest plumule
length was observed in W and B (13.84 and 13.81 cm.
respectively) among cereal species, the shortest
plumule length was detected in the T type (Table 2).
The plumule length of the doses was observed between
12.27-15.39 cm. Among the doses, the longest plumule
length was observed in D4 and D2 (15.39 and 14.98 cm,
respectively) and the shortest plumule length was
observed in D5 (12.27 cm) (Table 3). The plumule
length of the species x dose interaction was determined
between 9.53-17.15 cm. In the species x dose
interaction, the highest plumule length was observed
in WD4, and the shortest plumule length was observed
in TD5. In their previous studies on seaweed (Table 4).

Kaya & Erdénmez (2020) found the highest plumule
length at 10.01 cm at a dose of D2, and the lowest
plumule length at 3.58 cm at a fertilizer dose of D5. In
the study, it was observed that the plumule length
decreased with the increase of the seaweed fertilizer
dose, except for the control application, and their
findings support our findings. Bat et al. (2019) in their
research; they determined that the highest plumule
length was obtained in the application of 6 cc L1
seaweed extract at 21.42 cm, and the shortest plumule
length was obtained at 18.21 ecm in the control
application. Kara et al. (2019) observed that the
highest average plumule length was obtained with
18.00 cm at the dose of 2 cc L'l seaweed, and the lowest



KSU Tarim ve Doga Derg 27 (6), 1434-1442, 2024
KSU J. Agric Nat 27 (6), 1434-1442, 2024

Arastirma Makalesi
Research Article

average plumule length was obtained at 15.40 cm in
the control application.

Seedling Length (cm)

According to the results of the analysis, the statistical
difference between cereal types, doses, and species x
dose interaction in terms of seedling length was found
to be very significant (p<0.001) (Tables 2, 3, and 4). The
seedling length of the cereal species was found to be
between 18.73-25.79 cm. Among the cereal species, the
longest seedling length was determined in W type, and
the shortest seedling length was determined in B type
(Table 2). The seedling length of the doses was found
to be between 15.73-27.35 cm. While the longest
seedling length was observed at D2 and DO (27.35 and
26.16 cm, respectively) doses, the shortest seedling
length was observed at D5 dose. D2 seems to be more
stimulating in terms of seedling length (Table 3). It has
been determined that the species x dose interaction
varies between 13.01-32.34 cm in seedling length.
Within the species x dose interaction, the highest
seedling length was observed in TD1, and the shortest
seedling length was observed in TD5, BD3, WD5, and
BD1 (13.01, 14.22, 14.14 and 15.04 cm, respectively)
(Table 4). Allwright (1992) observed in a study that
seaweed material increased plant height in wheat.

Seedling Fresh Weight (g)

In the analysis of variance, the difference between the
doses and the species x dose interaction in terms of
seedling fresh weight was found to be statistically very
significant (p<0.001), but it was found to be
unimportant in terms of species (Table 2, Table 3 and
Table 5). The seedling fresh weight of the cereal species
varied between 3.31-3.58 g (Table 2). The seedling
fresh weight of the doses varied between 2.88-3.70 g.
The highest seedling fresh weight was obtained at D2
and DO (3.70 and 3.64 g. respectively) doses, and the
lowest seedling fresh weight was obtained at D5 doses
(Table 3). The seedling fresh weight of the species x
dose interaction ranged from 2.28 g to 4.06 g. Within
the species x dose interaction, the highest seedling
fresh weight was observed in TD2, and the lowest
seedling fresh weight was observed in WD5 (Table 5).
Kaya & Erdénmez (2020) found the highest seedling
fresh weight at 1041.00 mg and D1 dose, and the
lowest seedling fresh weight at 621.666 mg and D5
fertilizer dose. Their findings agree with our findings.
Kaya & Coskun (2020) in their research determined
the effect of 6 different doses (DO: control (tap water).
D1: 1000 ppm L. D2: 2000 ppm L1. D3: 4000 ppm L.
D4: 8000 ppm L and D5:16000 ppm L) of seaweed on
rapeseed germination and seedling development; they
determined that the highest seedling fresh weight was
79.23 mg with D2, the lowest seedling fresh weight was
46.60 mg with D1, and germination did not occur at
D5.
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Seedling Dry Weight (g)

In the analysis of variance, the difference between
cereal types, doses, and species x dose interaction in
terms of seedling dry weight was found to be
statistically very significant (p<0.001) (Table 2, Table
3, and Table 5). The seedling dry weight of the cereal
species varied between 0.18-0.24 g. Among the species,
the highest seedling dry weight was detected in the W
type, and the lowest seedling dry weight was detected
in the T and B types (0.18 and 0.19 g respectively)
(Table 2). The seedling dry weight of the doses varied
between 0.15-0.31 g. Among the doses, the highest
seedling dry weight was obtained at the D2 dose, and
the lowest seedling dry weight was obtained at the D3
and D4 doses (0.15 and 0.16 g, respectively) (Table 3).
The seedling dry weight of the species x dose
interaction ranged from 0.12 g to 0.48 g. Within the
species x dose interaction, the highest seedling dry
weight was observed in WD2, and the lowest seedling
dry weight was observed in TD3, TD5, and BD3 (Table
5). Allwright (1992) stated that seaweed material
increased plant height and plant dry weight in wheat.
Kaya & Erdonmez (2020) in their research; they
detected the highest seedling dry weight was detected
at the dose of 155.667 mg and D2, and the lowest
seedling dry weight was detected at the fertilizer dose
of 96.833 mg and D5 doses. Their findings agree with
our findings. Kaya & Coskun (2020) found that the
highest seedling dry weight was 8.716 mg with D2, the
lowest seedling dry weight was 5.126 mg at D1, and
germination did not occur at D5.

Seedling Vigor Index

In the analysis of variance, the statistical difference
between cereal types, doses, and species x dose
interaction was found to be very significant (p<0.001)
in terms of seedling vigor index weight (Table 2, Table
3, and Table 5). The seedling vigor index of cereal
species varied between 1797.99 and 2492.68. The
highest seedling vigor index among the cereal types
was found in W and T (2492.68 and 2390.17,
respectively) types, and the lowest seedling vigor index
was found in the B type (Table 2). The seedling vigor
index of the doses ranged from 1451.66 to 2716.07.
Among the doses, the highest seedling vigor index was
determined at the D2 and DO doses (2716.07 and
2616.23, respectively), and the lowest seedling vigor
index was found at the D5 dose (Table 3). The seedling
vigor index of the species x dose interaction was
observed to vary between 1198.98 and 3233.90. Among
the species dose interaction, the highest seedling vigor
index was in TD1, WD2, TD2, WD3, and WDO
(3233.90, 3114.83, 2959.99, 2870.63, and 2832.58,
respectively). while the lowest seedling vigor index in
TD5, WD5, and BD3 (1198.98, 1281.54, and 1363.11,
respectively), was observed (Table 5). Kaya &
Erdénmez (2020) found the highest seedling vigor
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index in 1991.09 at 1000 ppm L-! dose. and the lowest
seedling vigor index at 236.58 at D5 fertilizer dose.
Kaya & Coskun (2020) they found that the highest

application. the lowest seedling vigor index was 354.74
at the dose of D2. and the germination did not occur at
the dose of D5.

seedling vigor index was

in the

DO

Table 5. Mean SFW. SDW and SVI values in seaweed doses of species
Cizelge 5. Ortalama SFW, Tiirlerin deniz yosunu dozlarinda SDW ve SVI degerleri

Species (S) Doses (ppm L) SFW (g) SDW (g) SVI

T DO 3.36 £ 0.18 bed 0.20 £ 0.00 cde 2798.99 + 67.3 ab
D1 401 + 0.15 ab 0.20 + 0.01 cde 3233.90 + 141 a
D2 4.06 + 0.07 a 0.23 £ 0.01 bc 2959.99 + 66.4 a
D3 3.85 £+ 0.19 ab 0.12 + 0.01 g 2169.89 + 59.9 cf
D4 3.50 £ 0.05 abc 0.19 + 0.01 def 1979.25 + 60.9 def
D5 2.67 £ 0.10 ef 0.12 £ 0.01 ¢ 1198.98 + 80.3 h

B DO 3.76 £ 0.21 ab 0.24 + 0.01 b 2217.12 + 61.2 cde
D1 3.21 £ 0.07 cde 0.16 £ 0.01 ef 1504.52 + 75.3 gh
D2 3.68 £ 0.11 abc 0.21 + 0.01 ed 2073.40 + 37.3 def
D3 2.85 £ 0.04 de 0.12 £ 0.00 ¢ 1363.11 + 36.7 h
D4 3.38 £ 0.74 bc 0.17 £ 0.05 c¢d 1755.36 + 157 fg
D5 3.68 £ 0.15 abc 0.21 + 0.01 cd 1874.45 + 152 ef

W DO 3.80 + 0.23 ab 0.19 + 0.01 de 2832.58 + 106 a
D1 3.41 £ 0.16 bc 0.18 + 0.01 ef 2531.24 + 107 bc
D2 3.37 £ 0.12 bc 048 + 0.01 a 3114.83 + 112
D3 3.51 + 0.04 abc 0.22 + 0.01 bed 2870.63 + 161
D4 3.67 £ 0.19 abec 0.21 + 0.01 bed 2325.25 £ 166 cd
D5 2.28 + 0.07 f 0.15 + 0.00 f 1281.54 + 26.4 h

Overall Average 3.45 0.20 2226.95

LSD (0.05) SxD 0.68%* 0.04** 501.83**

CV (%) 10.66 12.99 7.50

T: triticale B: barley W: wheat SFW: seedling fresh weight SDW: seedling dry weight SVI: seedling vigor index CV: coefficient
of variation T: species D: dose. Fertilizer Doses; D0: Control D1: 1000 ppm L. D2: 2000 ppm L D3: 4000 ppm L D4: 8000
ppm L1 D5: 16000 ppm L1. There is no statistical difference between the same capital letters in the same column. There is no
statistical difference between the same lowercase letters in the same column. In multiple comparison test; *: P<0.05 **:P<0.01.

CONCLUSION

Many studies on seaweed organic material are mostly
done on vegetable species, but not many studies have
been done on cereal species. In addition, it is seen that
there is not much research on seaweed material in
germination studies. With this study, the effect of
seaweed organic material on the germination of cereal
species will be determined and will guide many future
studies. In the study, it was observed that the data on
the germination and seedling development of the
cereal species of seaweed doses were statistically
significant, D2 (2000 ppm L1) dose from the 6 different
seaweed doses used in the experiment; the highest
values in terms of germination rate, seedling vigor
index, seedling dry weight, seedling fresh weight,
plumule length and seedling length, D5 (16000 ppm L-
1) dose gave the lowest values. Among the cereal types,
wheat; radicle length, seedling vigor index, seedling
dry weight, plumule length, and seedling length

reached the highest values among other species. In
species x dose interaction, T x D1 (Triticale x 1000 ppm
L1 in terms of germination rate, radicle length,
seedling vigor index, and seedling length; In terms of
BDO (barley x control) germination rate; WD2 (wheat
x 2000 ppm L71) was at the forefront in terms of
germination rate, radicle length, seedling vigor index,
and seedling dry weight.

As a result, while D2 (2000 ppm L) dose of seaweed
organic material is generally recommended for wheat
from cereal species, D1 (1000 ppm L'1) and D2 (2000
ppm L) doses in triticale, DO (control) among other
species, D1 (1000 ppm L) and D2 (2000 ppm L1) doses
are recommended as incentives in barley.
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ABSTRACT

Soil management techniques can have varying effects on various soil
properties. This study investigated the impact of various tillage
techniques on soil properties for 14 years. The experiment was conducted
at the Cukurova University Research Station, located in a region with a
dominant Mediterranean climate. The research aimed to assess the
changes in soil organic matter (SOM) content, soil respiration (SR),
dehydrogenase enzyme activity (DHA), and soil temperature (ST) under
seven different long-term tillage practices. The results revealed
significant increases (p < 0.05) in SOM (17-115%), SR (19-37%), and DHA
(63-142%), under conservation tillage compared to conventional tillage
practices. Additionally, conventional tillage with stubble burned
consistently had the lowest values across all measured properties.
Seasons variations also significantly (p<0.05) affected the observed
values. These findings suggest that conventional tillage practices have a
negative effect on the analyzed biological activities, with stubble burning
further exacerbating this impact. Further research exploring the long-
term effects of different tillage practices under varying crop rotations and
soil conditions can contribute to the sustainable development of
agricultural production in the region.

OZET

Toprak yonetimi tekniklerinin gesitli toprak 6zellikleri tizerinde farkl
etkileri olabilir. Bu calismada 14 yil boyunca cesitli toprak isleme
tekniklerinin toprak o6zelliklerine etkisi arastirilmistir. Deney, Akdeniz
ikliminin hakim oldugu bir bélgede yer alan Cukurova Universitesi
Aragtirma Istasyonu'nda gerceklestirilmistir. Arastirma, uzun siireli
yedi farkli toprak isleme uygulamasi altinda topragin organik madde
(SOM) igerigi, toprak solunumu (SR), dehidrogenaz enzim aktivitesi
(DHA) ve toprak sicakhigindaki (ST) degisiklikleri degerlendirmeyi
amaclamigtir. Sonuclar, geleneksel toprak isleme uygulamalariyla
karsilastirildiginda koruyucu toprak isleme altinda SOM (%17-115), SR
(%19-37) ve DHA'da (%63-142) 6nemli artislar (p<0.05) gostermistir. Ek
olarak, amizlar1 yakilmis geleneksel toprak isleme, oOlglilen tiim
parametrelerde en disik degerleri gostermistir. Mevsim degisimleri de
incelenen parametreleri 6nemli 6lgiide (p<0.05) etkilemistir. Bu bulgular,
geleneksel toprak isleme uygulamalarinin incelenen biyolojik aktiviteler
uzerinde olumsuz bir etkiye sahip oldugunu ve aniz yakmanin bu etkiyi
daha da artirdigimi gostermektedir. Farkh toprak igleme tekniklerinin
uzun vadeli etkilerini gesitli bitki rotasyonlar: ve toprak kosullar1 altinda
arastirmak, bolgedeki tarimsal tretimin stirdirilebilir gelisimine
katkida bulunabilir.
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INTRODUCTION

Soil organic matter (SOM) influences soil fertility by
altering the physical, chemical, and biological aspects
of the soil through different pathways. Elevated SOM
content reduces soil bulk density (Zhang & Peng,
2021), boosts cation exchange capacity (Yost &
Hartemink, 2019), and increases microbial diversity
(Tian et al., 2018). Soil organic matter acts as a source
of nutrients for microorganisms and enhances soil
structure (Gék & Coskan, 2002). Therefore,
maintaining high SOM content is crucial, not only for
soil health but also because SOM 1is the largest global
carbon pool (Wani et al.,, 2022). Each practice,
particularly tillage, is linked to global warming and
climate change (Bilen et al., 2010).

Tillage is defined as the process of loosening,
crumbling, and mixing soil thoroughly with a tool at a
specific depth for purposes such as seedbed
preparation and weed management (Bilim & Korucu,
2016; Celik et al,, 2017), and incorporating plant
residues into the soil (Zhang & Peng, 2021). Tillage
significantly impacts soil physical, chemical, and
biological properties. Sustaining these attributes is
essential for sustainable agriculture and soil
management practices. Soil health refers to the ability
of a particular soil type to function as a living system
within an ecosystem, supporting plant and animal life,
maintaining air and water quality, and contributing to
human well-being (Doran & Parkin, 1997; Alkorta et
al., 2003). Reduced and no-tillage practices, known as
conservation tillage, are recognized as some of the
most beneficial approaches for soil health. In
conventional tillage systems, plows cultivate the top 30
cm of soil thoroughly. In contrast, reduced tillage
approaches leave at least 30% of the soil surface
covered with crop residue to reduce water and wind
erosion. No-tillage, on the other hand, involves direct
seeding into existing crop residue without any prior
plowing (Kéller, 2003). Conservation tillage is a well-
established land management technique that
continuous to be refined and studied for optimal soil
benefits (Tang et al., 2020).

Annually two crops are harvested in the Cukurova
Region, one of Turkey's most fertile plains, and
consecutive tillage is used for each crop. The microbial
populations in the surface soil are negatively affected
by frequent tillage applications, which also
continuously degrade the soil structure (Mirzavand et
al., 2022). Tillage damages aggregates generated in the
surface soil over time, and also microorganism habitats
are destroyed (Celik et al., 2011). Consequently, the
tillage has an impact on several nutrient cycles in the
soil.

Existing studies demonstrated that changes in
microbial activity might be positive, negative, or
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neutral as a result of soil tillage applications. The
direction and severity of these effects are also closely
influenced by the intensity and duration of the tillage
applications. For instance, tillage may have a positive
or negative impact on the soil system in the short term,
but due to the long-term structural degradation of the
soil, this impact may be neutral or negative (Das et al.,
2014).

Soil organic matter in the soil directly influences the
physical, chemical, and biological characteristics
resulting in improvement of soil productivity (Li et al.,
2021). While aggregates are maintained in no-tillage,
they are broken down and exposed to microbial
decomposition in standard tillage techniques, which
stimulates the mineralization of SOM (Chen et al.,
2009; Wang et al., 2020). Aside from being the primary
SOM input, stubble supports SOM by promoting
aggregate formation and soil stabilization (Pu et al.,
2019). Furthermore, the stubble covers the soil surface
and reduces temperature rise by reflecting sunlight
(Salem et al., 2015). Soil temperature may rise
(Boguzas et al., 2018) or fall (Hou & Li, 2019) due to
tillage  techniques, which that temperature
fluctuations influence the biological activity of soil
(Munoz-Romero et al., 2015).

Biological properties are sensitive indicators reflecting
the impact of frequently used agricultural practices.
They can warn of structural changes in the soil (Futa
et al., 2021; Mirzavand et al., 2022). Therefore, many
researchers recommended determining soil biological
properties due to their rapid response and high
sensitivity (Mikanova et al.,, 2009). Among soil

biological parameters, soil respiration, or CO:2
formation indicates the presence of active
microorganisms (Mijangos et  al., 2006).

Dehydrogenase enzyme activity (DHA) is another
indicator of overall microbial performance (Gajda &
Przewloka, 2012). While some researchers (Akbolat et
al., 2009; Moraru & Rusu, 2012) reported increased
microbial activity with higher tillage intensity, long-
term studies generally indicate the opposite trend (Li
et al., 2021; Wang et al., 2022). For example, Moraru
& Rusu (2012) reported the lowest soil respiration in
no-tillage applications after three years of different
tillage practices, whereas Celik et al. (2011) found the
lowest value in conventional tillage. In contrast,
studies by Cooper et al. (2020) and Nath et al. (2021)
observed higher soil respiration in no-tillage
treatments after 5 and 7 years of tillage practices,
respectively.

Land management practices can significantly
influence soil quality over time (Van Eerd et al., 2014).
To investigate this effect, we conducted a long-term
(14-year) field experiment in a Mediterranean climate,
examining how different tillage practices affect soil
biological properties. Soil samples were collected and
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analyzed for soil organic carbon (SOC) content, soil
respiration, and DHA, which serves as a marker of
microbial activity. In this study, we hypothesized that:
1) Reduced tillage enhances SOM and biological
activity: Less intensity tillage over time allows for
greater accumulation of SOM, a key energy source of
microbes, This, in turn, is expected to support higher
soil respiration and DHA activity. 2) Stubble burning
detriments soil biology: Burning crop residue removes
potential organic matter input and disrupts microbial
communities, leading to lower biological activity, 3)
Reduced and conservation tillage moderate soil
temperature: Leaving plant residues on the surface
regulates soil temperature by reflecting sunlight,
potentially influencing biological properties. By
analyzing these factors, this study aims to quantify the
long-term impacts of tillage practices on soil biology in
a Mediterranean region. The findings will contribute
to the development of sustainable soil management
strategies that promote healthy biological activity.

MATERIALS and METHOD

Research Site, Experimental Design, and Tillage
Practices

The long-term experiment was conducted at the
Research Station of Cukurova University in Adana,
Turkey in 2006, with different tillage practices
implemented. The 1is located at 37°00'54.0" N
35°21'27.0" E, with an elevation of 32 meters above sea
level (Figure 1). With a Mediterranean climate, the
experimental area experiences monthly temperatures

of 9.4 (the lowest), 19.1 (average) and 28.6 °C (the
highest) Precipitation follows a similar pattern, with
July receiving the least (9.8 mm) and December the
most (127.3 mm for a total annual precipitation of 671
mm (AMS, 2021). According to the World Reference
Base, the soil in the research area is categorized as
Haplic Vertisol. The soil developed on the former
Seyhan River terraces and contains 49% clay, 33% silt,
and 18% sand (clay texture) (Group, 2014). According
to the analyses performed on the soil sample (0-30 cm)
at the beginning of the experiment, pH, EC, CaCOs and
SOM were 7.82, 0.15 dS m?! 24.4%, and 1.51%,
respectively (Celik et al., 2011).

The experiment was arranged in a randomized
complete block design with three replicates to evaluate
the long-term effects of seven tillage practices. These
practices included: two conventional tillage treatments
(CT-1 and CT-2), three reduced tillage treatments (RT-
1, RT-2, and RT-3), and two no-till treatments (NT and
newly added ST) (Table 1). Initially, the experiment
consisted of 18 plots, each measuring 40 x 12 m (480
m?). Six soil tillage practices were applied from 2006 to
2015 (9 years). In 2015, half of the NT plots (240 m?2)
were tilled once with a plow to a depth of 30-33 cm,
creating a new strategic tillage (ST) treatment while
maintaining no-till characteristics on the other half.
This increased the total number of plots to 21. A disc
harrow was used throughout this process to break up
the large clods and level the soil surface after tillage
events (Table 1). A 4-meter space was left between
plots to minimize treatment interference.

Turkiye

Figure 1. Location of the study area

75

Sekil 1. Calisma alaninin konumu

Wheat (7riticum aestivum L.) - corn (Zea mays L.) or
soybean (Glycine max L.) -alternatively- rotation was
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followed  throughout the 14-year long-term
experiment. Plots with wheat (7riticum aestivum L.)
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were examined for the objected parameters (Soil
organic matter, soil respiration, dehydrogenase
enzyme activity, soil temperature) in 2020. Glyphosate
(500 g ha'!) was applied as a non-selective herbicide on
RT-3, NT, and ST plots for weed control two weeks
before sowing the wheat. Duration of the inspected
year of the long-term experiment, the plots were

fertilized considering the results of soil analysis, with
260 kg hal di-ammonium phosphate (46.8 kg N ha'l;
119.6 kg P20s5 ha'?) before planting. At the tillering and
bolting stages, 150 kg ha* urea (69 kg N ha'!) and 180
kg hal calcium ammonium nitrate (46.8 kg N ha'?)
were applied, respectively.

Table 1. Summary of tillage methods and equipment used in the long-term experiment
Cizelge 1. Denemede kullanilan toprak isleme yontemleri ve ekipmanlar

Tillage Methods

Soil Tillage for Winter Wheat

Soil Tillage for Second Crop Maize and

Soybean

Conventional tillage with " Stover chopping of second crop = Stubble chopping of wheat
stubbles . Moldboard plow . Heavy tandem disc harrow
(CT-1) . Disc harrow (2 passes) . Disc harrow (2 passes)

. Float (2 passes) . Float (2 passes)

. Drill . Planter

Stover burning of second crop Stubble burning of wheat

Conventional tillage with Moldboard plow Chisel plow

stubbles burned
(CT-2)

Disc harrow (2 passes)
Float (2 passes)
Drill

Disc harrow (2 passes)
Float (2 passes)
Planter

Heavy disc harrow
reduced tillage
(RT-1)

Stover chopping of second crop
Heavy tandem disc harrow (2

passes)

Float (2 passes)
Drill

Stubble chopping of wheat
Rotary tiller

Float (2 passes)

Planter

Reduced tillage with a
rototiller
(RT-2)

Stover chopping of second crop
Rotary tiller

Float (2 passes)

Drill

Stubble chopping of wheat
Rotary tiller

Float (2 passes)

Planter

Reduced tillage with a
rototiller and no-tillage
(RT-3)

Stover chopping of second crop
Heavy tandem disc harrow
Float (2 passes)

Drill

Stubble chopping of wheat
Herbicide treatment
No-till planter

No-till or zero tillage
(NT)

Stover chopping of second crop
Herbicide treatment
No-till drill

Stubble chopping of wheat
Herbicide treatment
No-till planter

Strategic tillage
(ST)*

Stover chopping of second crop
Herbicide treatment
No-till drill

Stubble chopping of wheat
Herbicide treatment
No-till planter

*This treatment continued as NT from 2006 until November 2015. Afterwards, it was tilled with moldboard plow only once in
November 2015 and then, the same operations as in NT were implemented.

Soil Sampling and Analysis

The basic physical and chemical properties of the soil
were determined at a depth of 0 — 20 cm before the
wheat sowing (November 02, 2020). Similarly, to
monitor biological parameters throughout the wheat
vegetation, samples were collected at depths from 0-20
cm. Soil samples were collected by using a soil auger at
frequent intervals from the beginning of the
experiment, the sampling interval was extended by
time (11 to 35 d). The first sample was made just after
wheat planting (November 19, 2020) and the last
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sample was made just before wheat harvest (May 26,
2021). Due to the fertilizer application stimulating
several features of the soil, after every single
fertilization application, more frequent samplings
were done. Each treatment including replicates was
represented for one composite soil sample which was
prepared by homogenized soil samples taken in 3
different representative sampling points of each plot.
To prevent changes in the soil biological properties of
the soil, samples were transferred to the laboratory
within one hour. On each sampling day, COs formation
and DHA were determined. Carbon dioxide production
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was determined according to Ohlinger (1996a) in
which 100 g of fresh soil equivalent to dry soil was
weighed and incubated for 24 h at 30 °C. Emitted COz
from the soil within 24 hours was collected by barium
hydroxide, and soil respiration was determined by
titrating the residual barium hydroxide with 0.05 M
HCI. The DHA was evaluated at 10 g of dry soil
equivalent to fresh soil according to Ohlinger (1996b)
in which TTC (2,3,5-Triphenyltetrazolium chloride)
was added to soil, incubated at 30 °C for 24 h. Emerged
TPF (triphenyl formazan) was extracted by acetone
and the TPF concentration of filtrate was measured by
spectrophotometer at a wavelength of 546 nm. Soil
temperatures were recorded on each sampling day by
TP101 digital temperature sensor. The organic matter
content of the soil was determined in the first sampling
only (November 19, 2020) using chromate oxidation as
described by (Kandeler, 1996).

Statistical Analysis

Data gathered from 21 randomized plots was subjected
to a one-way analysis of variance (ANOVA) using the
IBM SPSS Statistics program. Duncan's test was also
used to compare differences between the means.

Additionally, the Pearson correlation test was used to
assess the correlations between the parameters. The
Origin 2021 software was used to represent statistical
findings.

RESULTS and DISCUSSION

The Effect of Long-Term Different Tillage Practices on
Soil Organic Matter Content

The effects of various long-term tillage techniques on
SOM content were statistically significant (p<0.001)
after 14 years (Figure 2). The SOM content of the soils
ranged from 1.57 to 3.38%, with NT application
yielding the greatest value whereas the lowest value
was obtained from CT-2 application. The lowest SOM
content in conservation tillage practice was 17% higher
than the highest value observed in conventional tillage
treatment. Additionally, the highest SOM content was
found in the conservation soil cultivation application
(NT) as 115% more SOM than that of the CT-2 which
is the conventional soil tillage application with the
lowest SOM content. These findings show that 14
years of tillage methods boosted the soil's SOM
contents by 17 to 115%.
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Figure 2. The effect of long-term different tillage practices on the soil organic matter content (%). Values are the average of
samples from three plots. Means shown with the same letter are not statistically significant according to the Duncan
test (p<0.001). CT-1: Conventional tillage with wheat stubble incorporated, CT-2: Conventional tillage with burned-
off stubble, RT-1: Heavy disc harrow reduced tillage, RT-2: Reduced tillage with a rototiller, RT-3: Reduced tillage
with a rototiller and no-tillage practice combination, NT: Direct seeding without tillage, ST: Strategic tillage.

Sekil 2. Uzun siireli farkli toprak isleme uygulamalarinin topragin organik madde igerigine etkisi (%). Degerler ti¢ parselden
alinan érneklerin ortalamasidir. Ayni harfle gosterilen ortalamalar Duncan testine gore istatistiksel olarak anlamlii
degildir (p<0.001). CT-1: Anizli geleneksel toprak isleme, CT-2: Anizi yakilmis geleneksel isleme, RT-1- Agir diskli
tirmikli azaltilmis toprak isleme, RT-2: Rototillerli azaltilmis toprak isleme, RT-3: Agir diskli tirmikli azaltiimis ve
sifir toprak isleme kombinasyonu, NT: Dogrudan ekimli sifir toprak isleme, ST: Stratejik sifir toprak isleme.

Conventional tillage operations overturn the soil at
depths ranging from O to 25 cm, producing soil

deterioration as well as stimulating organic carbon
mineralization (Wang et al., 2020). While 170 to 1000
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kg hal of organic carbon disappears every year in
conventional tillage practices, no-tillage practices even
result in SOM accumulation in the soil (Valkama et al.,
2020). Similar to the results obtained in other studies,
SOM increased as a result of reducing tillage intensity.
While stubble management alone provided an 11%
increase in SOM, without tillage practices increased
this difference to 115%. Stubble contributes to the soil
as a carbon source, and conservation tillage
encourages their accumulation. Supporting this
finding, Li et al. (2021) reported increased organic
carbon contents in the soil because of conservative
tillage and no-till practice, based on the existing 264
studies in the literature dealing with the effects of
tillage practices on organic carbon. A distinction in
conservative tillage techniques was also noted, and a
7.4% increase in organic carbon content was found in
the no-till treatment compared to the reduced tillage
application. This was attributed to less soil
degradation and/or the addition of stubble resulting in
the elevation of microbial biomass. According to Chen
et al. (2009), no-tillage results in surface soil with 34%
more SOM than conventional tillage. Several
researchers reported that conventional soil cultivation
is disturbing soil aggregates that are exposed to
microbial decomposition leading to loss of SOM. Wang
et al. (2020) reported that the organic carbon content
in the surface soil increased significantly in both
reduced and no-till applications compared to
conventional tillage treatments. This difference
resulted in more organic carbon accumulation with no-
till application as well as the addition of plant residues.
Similar results were also observed in the ST
treatments, which were formed by dividing the NT plot
and cultivated once, after 9 years after the beginning
of the experiment in 2015 (Figure 2). Even single
tillage on ST stimulated mineralization, therefore, a
considerable decrease in the SOM of soil was observed
compared to the NT. Similar to the existing literature,
this study revealed that the management of stubble in
the soil was found to alter the SOM content of the soil.
The lowest SOM content was determined in CT-2,
which is the only tillage method in the stubble is
burned. Soil organic matter content was found to be
11% higher in CT-1 than in CT-2, which uses typical
tillage techniques with the main variation being
stubble management, although the difference was not
statistically significant (Figure 2). The stubble, which
is a potential source of organic materials, is removed
from the soil by burning due to easy soil cultivation.
However, Gék & Coskan (2002) stated that organic
compounds with a high C/N ratio such as stubble can
be considered as an important source of soil SOM
content. Plant residues physically preserve SOM by
providing aggregate formation and stabilization in the
soil, in addition to being the primary source of SOM
inputs (Pu et al, 2019). Furthermore, stubble
promotes the establishment of a fluctuating carbon
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pool (Chen et al., 2009). Similar findings have been
frequently reported by researchers focusing on stubble
residue incorporation and the organic carbon content
of soil (Gék & Coskan, 2002; Wang et al., 2020). Pu et
al. (2019) reported higher SOM accumulation in
surface soil in case of stubble addition. Stubble is the
primary source of SOM, hence organic carbon levels
increase through convenient stubble management. On
the other hand, soil cultivation seems to be more
effective for SOM pools in which SOM content was
increased in no-tillage application compared to
conventional practices independent of stubble
management. This phenomenon is possibly associated
with less degradation of soil and suppression of
mineralization. Increased mineralization is also
reported due to the increased contact of SOM that is
conservation in soil aggregates with microorganisms.

The Effect of Long-Term Different Tillage Practices on
Soil Respiration

The determined soil respiration values are presented
in Table 2. The findings revealed that both different
tillage techniques and sampling days had statistically
significant (p=0.024 and p<0.001, respectively) effects
on soil respiration. Considering the sampling day
averages, the highest mean value was observed at ST
as 36.5 pg CO2-C g_dry_soil! 24h'! whereas the lowest
mean was obtained in CT-2 with 26.8 pg CO2-C
g_dry_soill 24h'l. Based on these findings, the
conventional tillage application (CT-2), has a 36%
lower soil respiration rate than the ST applications,
representing lower soil biological activity as a function
of conventional tillage systems. Sampling day averages
showed great variability among the mean values, the
highest CO2 formation was achieved on May 26, 2021,
as 67.4 pg CO2-C g_dry_soil'! 24h'! whereas the lowest
value was on November 19, 2020, with 17.2 pg CO2-C
g_dry_soil! 24h't. Based on these data, CO2 formation
on May 26, 2021, is %292 greater than that of the
sampling day of November 19, 2020. The temporal
fluctuation of COz output across the wheat vegetation
appears to be mostly influenced by soil temperature.
Soil respiration increased consistently around 172%
and 168% following the sample period ending on
February 24, 2021, depending on the temperature rise.
The relationship between soil respiration and soil
temperature is similar considering the data recorded
between the dates of February 24, 2021, to May 26,
2021 (Tables 2 and 4).

Soil respiration after fertilization increased during the
tillering period, while the increase in respiration was
not statistically significant (p=0.146). The first
sampling following fertilization during the bolting
period showed an increase in soil respiration, but it is
unclear whether this increase was due to fertilization
or climate.
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Table 2. The effect of long-term different tillage practices on soil respiration (ug CO2-C g_dry_soil ' 24h'1)
Cizelge 2. Uzun siireli farkl toprak isleme uygulamalarinin toprak solunumuna etkisi (ug CO2-C g _dry soil! 24h'1)

Sampling Date
Soil Tillage
Techniques? 19.11.20206 30.11.2020 11.12.2020 31.12.2020 13.01.2021 26.01.20217
p<0.001 p<0.001 p<0.001 p<0.001 p=0.029 p=0.007
CT-1 11.72 +0.88 d*+ F> 23.2 £1.2 b DE 171 +0.3 ¢ EF 30.7 £0.0 ¢ C 22.4 +15 a DE 178 #1.5 ¢ EF
CT-2 81 #08 e F 23.8 +0.9 b D 19.2 £14 ¢ E 248 +0.6 d D 18.0 0.4 b E 246 +1.1 ab D
RT-1 16.8 +1.0 ¢ F 30.7 £0.5 a DE 325 1.9 a CD 348 0.4 ab CD 249 +2.1 a E 23.8 £23 b E
RT-2 169 +04 ¢ E 20.5 +0.5 b E 236 0.8 b E 243 +0.6 d E 244 +1.6 a E 23.0 +£2.1 bc E
RT-3 245 0.2 a D 28.7 +2.3 a CD 240 #0.7 b D 34.0 +0.2 b C 25.5 +1.3 a D 28.1 +0.6 ab CD
NT 19.8 £0.7 be G 31.8 +1.0 a EF 259 1.3 b E-G 332 +25 bc DE 24.1 +15 a FG 24.8 +2.0 ab FG
ST 22.4 +1.8 ab F 28.3 +2.5 a DE 257 £0.7 b D-F 374 +03 a C 24.1 +0.5 a EF 30.2 +2.3 a D
Mean 17.2 F 26.7 E 24.0 E 31.3 D 23.3 E 24.6 E
Sampling Date
Soil Tillage Mean
Techniques 8.02.2021 24.02.2021 31.03.20218 16.04.2021 03.05.2021 26.05.2021
p<0.001 p<0.001 p=0.014 p<0.001 p=0.028 p<0.001 p=0.024
CT-1 184 +0.6 e E 229 +£2.2 ¢ DE 416 +3.9 ab B 277 £0.7 b CD 472 +1.4 be AB 52.3 +4.3 d A 27.7 be
CT-2 279 1.9 be CD 179 +0.8 d E 314 0.9 ¢ C 275 £1.3 b CD 439 +32 ¢ B 54.9 +1.1 cd A 26.8 ¢
RT-1 28.3 2.5 bc DE 250 £14 ac E 39.3 £2.7 bec C 28.1 +2.2 b DE 531 #1.1 ac B 67.4 £51 b A 33.7 a-wc
RT-2 21.4 0.7 de E 24.1 £1.5 bec E 40.2 £2.9 be C 325 1.2 b D 59.7 +3.7 a B 86.3 +5.2 a A 33.1 a-wc
RT-3 34.4 0.8 a C 248 +1.4 ac D 50.6 +3.2 a B 30.1 £1.8 b CD 504 +45 ac B 82.1 *1.7 a A 36.4 a
NT 239 1.0 cd FG 289 +0.9 ab EF 439 %34 ab C 39.7 24 a CD 56.3 5.2 ab B 65.4 +4.0 bc A 34.8 ab
ST 29.2 1.7 b DE 296 +1.6 a DE 43.1 2.1 ab B 448 £3.7 a B 59.6 +1.4 a A 63.3 £0.5 b-d A 36.5 a
Mean 26.2 E 24.8 E 41,5 C 32.9 D 529 B 67.4 A

Means shown with the same letter are not statistically significant according to Duncan's test. The ANOVA value is p<0.001 for sampling dates and is shown in the table
for comparisons between treatments.

1: CT-1: Conventional tillage with wheat stubble incorporated, CT-2: Conventional tillage with burned-off stubble, RT-1: Heavy disc harrow reduced tillage, RT-2: Reduced
tillage with a rototiller, RT-3: Reduced tillage with a rototiller and no-tillage practice combination, NT: Direct seeding without tillage, ST: Strategic tillage. 2: It is the
average of the samples in three plots. 3: It is the standard error of the means. 4 Lowercase letters give statistical comparisons among treatments. 5. Uppercase letters
give statistical comparison among sampling dates. ¢: It is the sampling performed after pre-planting fertilization. 7: It is the first sampling performed after fertilization
during the tillering period. & It is the first sampling performed after fertilization during the bolting period.
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No-tillage and reduced tillage strategies improve the
soil's organic matter content by undergoing less
physical degradation of SOM than typical tillage
techniques (Das et al., 2019) by encouraging biological
activity. Previously, Celik et al. (2021) have taken soil
samples from the same long-term experiment, and
they reported higher organic carbon content in the
surface soil than in conventional tillage on the same
soil layer. Similarly, Li et al. (2021) reported that the
conservation tillage practices increase SOM content
and lead promotion to the of microbial activity with
this enhancement (Mirzavand et al., 2022). The
findings of the SOM analysis conducted in this study
area during the sampling date of November 19, 2020,
revealed a pattern that was similar to the findings of
the study with soil respiration indicated above. Figure
3 shows the correlation between soil respiration and
SOM, which was found to be a positive correlation
(r=0.182; p<0.01). According to the results acquired,
during the sample dated November 19, 2020, both soil
respiration and SOM content were determined as the
lowest in CT-2 among tillage methods, followed by CT-
1, RT-1, and RT-2. Although the highest CO:
production was measured in RT-3 and ST-applied
plots, the highest SOM content was obtained in ST
applications. While RT-3 and ST applications produced
the highest CO2 formation, NT applications provided
the highest SOM content. This could be attributed to
tillage applied soon before the sampling date on
November 19, 2020. In the RT-3 application, however,
unlike the NT and ST applications, processing with
both a heavy disc harrow and a tiller may have
resulted in an increase in CO2 emission from the soil.
When soil respiration during the sampling time is
considered, the highest CO2 production was recorded
in RT-3, and the lowest CO2 production was observed
in CT-2 application. When CO2 generation was
compared between these two tillage techniques, RT-3
produced nearly three times more soil respiration than
CT-2. This is the date with the largest inter-
application variation among all sampling dates. This
can be explained by the fact that the aggregates that
degrade after soil tillage applications (Celik et al.,
2011) boost COsz emissions (Fiedler et al., 2016).
Therefore, a lowering tendency on CO2 production is
expected after the tillage practice. Table 2 shows that
the COz output differs, which grew between soil tillage
applications as the aggregates broke down, reduced
throughout the sampling date of November 30, 2020,
which was conducted 11 days after the initial
sampling. Similar results were reported by Buragiené
et al. (2019) and Zhang et al. (2021). All tillage
methods were found to be significantly greater than
other sampling intervals on May 26, 2021, when soil
respiration was at its peak. The increased soil
temperature is responsible for the highest values seen
in tillage practices during this date (Table 4 and Figure
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3). In addition, the increase in plant root growth from
wheat planting to harvest, as well as the associated
root exudate, may have enhanced CO2 flow by
promoting microbial activity. Consistent with these
findings, a study by Bilen et al. (2010), the highest soil
respiration was observed during the harvest period
and stated that this was due to increases in root
growth and microbial activity.

Furthermore, the dry climate during the sampling
time of May 26, 2021, the lack of irrigation in the wheat
growth, and the low seasonal soil moisture content
may have reduced the rise in soil respiration during
this date. Another study found that as temperatures
decreased, SOM in the soil remained steady, resulting
in little CO2 emission, which was consistent with the
findings in this study (Moreno et al., 2021). Under
ideal temperature and humidity conditions, according
to Gok et al. (1999), microbial activity increased in soil.
The increase in soil temperature causes an increase in
microbial activity and promotes the decomposition of
SOM, which enhances soil heterotrophic respiration
(Zhang et al., 2021). Furthermore, fertilizer had no
obvious influence on soil respiration.

Soil respiration was strongly influenced (p=0.024) by
the management of stubble which is another soil
management practice, studied. When the average of
the sampling dates is taken into consideration, CT-2,
which is the only application of the tillage methods in
which the stubble is burned, has the lowest COq2
output. The amount of soil respiration was decreased
due to the microbial community in the surface soil
being adversely impacted by rising temperature.
Destruction of the stubble which is the main carbon
source was also responsible for lower CO:2 formation.
Regarding the issue, Shakoor et al. (2021) stated that
stubble supports heterotrophic respiration by
providing ready-to-use C and N substrates for the
microbial population. By leaving the stubble in the soil
and reducing tillage density, Mirzavand et al. (2022)
found that SOM increased, enhancing the diversity of
microbial biomass and promoting CO:2 formation.
When the average of the sample dates of the other six
tillage techniques, in which the stubble is incorporated
into the soil or left on the surface, is examined, there
were no significant differences in soil respiration
(Table 2). The temporal fluctuation of CO2 production
across the wheat vegetation appears to be mostly
influenced by soil temperature. Particularly, based on
the sampling dates soil respiration followed a
proportionate path with temperature after the samples
were taken on February 24, 2021. The association
between soil respiration and soil temperature was
comparable when taking into account the average of
tillage techniques in the sample dated February 24,
2021, and May 26, 2021, and these values rose by 172%
and 169%, respectively. Similar findings are obtained
when research on the issue is evaluated (Du et al.,
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2021; Zhang et al.,, 2021). Additionally, a positive
correlation (r=0.758) between soil respiration and soil
temperature was determined (Figure 3). Furthermore,
fertilizer had no obvious influence on soil respiration.

Although no-tillage techniques decrease COz output in
the short term, long-term effects may vary. While
short-term studies show low CO:z formation owing to
the preservation of SOM from tillage methods (Akbolat
et al., 2009), long-term studies show an increase in the
accumulated SOM pool and microbial population,
which promotes increased soil respiration (Mirzavand
et al., 2022).

The Effect of Long-Term Different Tillage Practices on
Dehydrogenase Enzyme Activity

Determined DHA values are presented in Table 3.
Similar to CO2 production results (Table 2), DHA was
influenced by both soil tillage practice and sampling
interval significantly (p<0.001 and p<0.001,
respectively). Based on the mean values, the highest
value was determined in NT treatment as 84.8 ug TPF
g_dry_soill 24hl. The CT-2 application yielded the
lowest mean with 35.1 g TPF g_dry_soill 24 hl.
According to these findings, DHA activity in NT was
142% higher than in CT-2 treatment. As mentioned
earlier, sampling day was also significant on DHA
activity in which the highest value was achieved on
February 8, 2021, with 113.4 ug TPF g_dry_soil! 24 h
1, The lowest mean value was observed on November
30, 2020, as 28.4 pg TPF g_dry_soil! 24 h'l. The
observed DHA activity on February 8, 2021, was 299%
higher than the value obtained on November 30, 2020.
This difference was probably due to temperature
changes.

The DHA levels significantly increased in samples
collected after fertilization during tillering, followed by
a significant decrease in samples from the bolting
period. However, the conflicting results cast doubt on
fertilization being the direct cause. The conventional
tillage application CT-2 had the lowest average DHA
value when the average of the sample intervals across
the wheat plant vegetation was analyzed. This value
was followed by CT-1, and the difference between them
was found to be statistically insignificant. Both no-
tillage and reduced tillage practices demonstrated
higher DHA than conventional tillage practices, and
there were no statistically significant differences
between no-tillage and reduced tillage treatments
according to the results of these wvarious tillage
practices ongoing for 14 years. In research carried out
in the same long-term experiment where several
tillage techniques were used over three years, similar
results were attained by Celik et al. (2011). In this
study, the lowest DHA was found in the conventional
tillage methods CT-2 and CT-1, whereas the highest
DHA was found in NT and RT-3, which are no-tillage
and reduced tillage techniques. It was shown that
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there was a statistically significant difference between
conventional tillage techniques (p<0.05). Furthermore,
Gajda & Przewloka (2012) reported that direct sowing
and reduced tillage treatments produce 18-28% and
13-17% more DHA activity, respectively, than
conventional tillage due to lowering the usage of plows.
On the other hand, Moreno et al. (2021) reported that
biological activity increased by creating favorable
temperature and humidity conditions in no-tillage
applications compared to traditional tillage.

Soil organic matter content is enhanced by reduced
tillage practices and stubble incorporation (Gok &
Coskan, 2002; Wang et al., 2020); therefore, suitable
habitat for microbial activity appears (Kumar et al.,
2021) leading to higher DHA activity. Furthermore,
because the majority of microorganisms in the soil are
chemoorganotrophic, using organic carbon as an
energy and substrate source promotes enzyme activity
in the soil (Nugis et al., 2016). The correlation analysis
performed in this study revealed a positive correlation
(r=0.428) between DHA and SOM (Figure 3). Existing
literature points out an increase in DHA activity with
a decrease in tillage density (Nath et al., 2021;
Saurabh et al., 2021). According to Mikanova et al.
(2009), the use of conservation tillage causes SOM to
build on the soil surface, and the accumulated SOM
serves as a source of energy and a substrate for the soil
biota, increasing the activity of enzymes.

Among the soil cultivation techniques, CT-2, which
involves burning the stubble, was found to have the
lowest statistical group average throughout several
sample dates, making it the soil cultivation technique
with the lowest date average. The two conventional
tillage techniques, CT-1 and CT-2, with their sole
distinction being how stubble is managed, had the
lowest results. Within CT-1 and CT-2, CT-1 has 15%
more DHA than CT-2, which is still a significant
difference. The primary reason for this is that stubble,
which is a rich source of carbon and energy for soil
microflora, has a favorable effect on soil microbial
activity (Mrunalini et al., 2021). According to Das et al.
(2019), incorporation of the stubble into the soil
enhanced the physical characteristics of the soil
increased the SOM content, and hence encouraged
microbial activity.

DHA rose over the first six sample dates, peaked on
February 8, 2021, and then fluctuated throughout the
rest of the experiment. During this time, fertilization
did not affect DHA levels. All tillage techniques appear
to follow a similar trend (Table 3). The lowest DHA was
measured on November 30, 2020. The low DHA at this
date 1s probably related to both the low soil
temperature (Table 4) and the damage to the
microbiota due to the recent tillage. Wolinska &
Stepniewska (2011) stated that DHA shows strong
fluctuations depending on the seasons.
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Table 3. The effect of long-term different tillage practices on dehydrogenase enzyme activity (ug TPF g_dry_soil ! 24h'1)
Cizelge 3. Uzun siireli farkli toprak isleme uygulamalarinin dehidrogenaz enzim aktivitesi iizerine etkisi (ug TPF g _dry soil’? 24h'1)
o Sampling Date
ggcliﬁgjegsel 19.11.20208 30.11.2020 11.12.2020 31.12.2020 13.01.2021 26.01.20217
p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
CT-1 2102 038 d¢ Es 158 #1.2 ¢ EF 333 +14 ¢ D 352 +28 d D 368 09 d D 502 0.7 d BC
CT-2 17.7 £0.5 e G 18.6 £1.7 bc G 20.4 +£0.7 d FG 23.8 #0.2 e EG 297 21 e E 39.7 +04 d CD
RT-1 30.4 1.2 ¢ F 362 2.3 a EF 343 20 ¢ F 47.6 +£0.7 ¢ DE 54.7 *1.7 ¢ D 105.1 +3.4 b B
RT-2 34.7 £0.7 b FG 22.7 #1.0 b G 334 £1.8 ¢ FG 71.0 £3.0 ab DE 61.2 £1.6 b E 133.3 £7.0 a A
RT-3 32.56 +0.9 bc F 36.4 0.3 a F 39.2 +25 be F 76.7 +3.7 a D 60.7 0.5 b E 92.5 +3.5 bc BC
NT 445 £0.1 a GH 376 £3.0 a H 475 +£1.4 a F-H 71.9 1.8 ab E 634 +0.8 b EF 1068 119 b CD
ST 435 £1.9 a H 31.9 £26 a 1 41.9 +£3.1 ab H 67.3 £1.4 b FG 745 +1.0 a EF 86.3 +0.6 c CD
Mean 320 E 284 E 35.7 E 56.2 D 544 D 87.7 B
Sampling Date
Soil Tillage Mean
Techniques 8.02.2021 24.02.2021 31.03.20218 16.04.2021 03.05.2021 26.05.2021
p<0.001 p=<0.001 p=<0.001 p=<0.001 p=<0.001 p<0.001 p<0.001
CT-1 58.7 £5.0 d A 486 +32 d C 173 0.7 d E 604 +3.6 ¢ A 514 1.1 ¢ BC 56.5 +2.1 ¢ AB 404 c
CT-2 68.0 £4.7 d A 39.7 #44 d4 CD 279 £1.2 ¢ EF 495 48 ¢ B 475 +4.0 ¢ BC 38.4 1.2 d D 35.1 ¢
RT-1 122.9 +£8.0 bc A 79.6 81 ¢ C 33.2 2.1 ¢ F 89.1 £36 b C 76.4 +2.7 C 80.6 +5.6 ab C 65.8 b
RT-2 142.3 +£9.1 ab A 90.7 £3.7 bc BC 424 1.1 b F 104.0 7.8 ab B 79.7 4.0 ab CD 94.9 +4.0 a B 75.8 ab
RT-3 136.3 £8.6 ac A 80.7 #1.8 ¢ CD 56.2 +4.2 a E 101.1 +7.9 ab B 83.7 +2.8 ab CD 88.6 +8.5 a B-D 73.7 ab
NT 151.5 +4.7 a A 133.7 t88 a B 60.0 +4.8 a E-G 118.7 8.7 a BC 90.0 +4.1 a D 92.1 +4.2 a D 84.8 a
ST 1142 £6.9 ¢ A 101.8 £1.7 b B 584 +£3.7 a G 91.8 £2.7 b C 80.0 +£3.4 ab DE 71.5 28 b EF 71.9 ab
Mean 1134 A 82.1 BC 42.2 DE 87.8 B 72.7 C 74.6 BC

Means shown with the same letter are not statistically significant according to Duncan's test. The ANOVA value is p<0.001 for sampling dates and is shown in the table
for comparisons between treatments.

1: CT-1: Conventional tillage with wheat stubble incorporated, CT-2: Conventional tillage with burned-off stubble, RT-1: Heavy disc harrow reduced tillage, RT-2: Reduced
tillage with a rototiller, RT-3: Reduced tillage with a rototiller and no-tillage practice combination, NT: Direct seeding without tillage, ST: Strategic tillage. 2: It is the
average of the samples in three plots. 3: It is the standard error of the means. 4: Lowercase letters give statistical comparisons among treatments. 5: Uppercase letters give
statistical comparison among sampling dates. 6: It is the sampling performed after pre-planting fertilization. 7: It is the first sampling performed after fertilization during

the tillering period. 8: It is the first sampling performed after fertilization during the bolting period.
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In a study by Piotrowska & Dlugosz (2012), higher
DHA was detected in April compared to August, and
this situation increased with the growth of the wheat
plant in April, polysaccharides, organic acids, etc.
associated with the increase such as substrates. In
addition, in the same study, it was stated that the
highest DHA was observed in spring and the lowest in
winter months in humid and slightly arid areas.

The maximum mean DHA throughout the wheat
vegetation was obtained on February 8, 2021. When
the DHA values among the applications were
compared, the no-tillage application had the highest
value, followed by the RT-2, RT-3, and ST applications.
There was no statistically significant difference
between these treatments. The lowest values were
obtained from CT-1 and CT-2, which are conventional
tillage methods.

The Effect of Long-Term Different Tillage Practices on
Soil Temperature

Recorded soil temperature data are presented in Table
4. The soil temperature ranged from 7.9 to 25.1 °C, and
the sampling days had a statistically significant
(p<0.001) effect on soil temperature. While the RT-3
application received the greatest value of 25.1 °C on
the last sampling day before the harvest, the lowest
value recorded from the CT-2 application was 7.9 °C on
January 26, 2021. Based on the mean values, the
temperature difference between the lowest and the
highest value was 0.7 °C the lowest value was 13.5 °C
in CT-2, and the highest value was 14.2 in RT-3.
Although there was a 5% difference between the two
practices those were not found to be statistically
significant. Considering the averages of soil tillage
practices on the sampling days, the highest average
was 24.4 °C on the last sampling date on May 26, 2021;
the lowest average was obtained on the sampling day
on January 26, 2021, with 8.1 °C. These significant
(p<0.001) differences showed that the soil temperature
on May 26, 2021 was 201%, higher than the sampling
day on dJanuary 26, 2021. An increase in soil
temperature was associated with elevated air
temperature due to seasonal changes.

Soil temperature appeared to fluctuate in response to
air temperature changes across different sampling
times (data not included). However, these fluctuations
were independent of tillage techniques employed, as no
statistical differences were observed. This finding
aligns with some previous research. For instance, Hou
& Li (2019) reported no statistically significant impact
of tillage practices on soil temperature. Their study
also noted a trend of higher soil temperatures in no-
tillage treatments compared to conventional tillage, no
statistical difference was determined by Boguzas et al.
(2018) between tillage practices in two of the six
different measurement dates. In one measurement
date, higher soil temperature was obtained in
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conventional tillage application compared to no-tillage.
It has been stated that the reason for this situation is
due to the faster drying and warming of the disturbed
soil. According to Mufioz-Romero et al. (2015), both
conventional and no-tillage treatments resulted in a
comparable pattern of soil temperature. However, the
findings revealed that at all measurement dates,
conventional tillage operations had higher soil
temperatures than no-tillage approaches, while the
difference was not statistically significant. The soil
absorbs more heat and has lesser thermal conductivity
under traditional tillage than it does with no tillage,
according to the study. Salem et al. (2015) in a related
study, conventional tillage produced the greatest soil
temperature. Researchers have shown that no-tillage
methods result in increased soil moisture contents, and
wet soils get warmer or cooler more slowly.
Additionally, it was claimed that when no-tillage is
used, more residues are left behind in the soil, and
these residues reflect sunlight to prevent soil
temperatures from rising.

Correlations Between Soil Properties

Pearson correlation test revealed that there was a
statistically significant (p<0.01) positive correlation
between SOM content and soil respiration (r = 0.182)
as well as SOM content and DHA (r = 0.428); however,
no correlation was observed between SOM and soil
temperature (Figure 3). A positive correlation was
determined between soil respiration and both DHA
(r=0.240) and soil temperature (p<0.01). There was no
statistically significant correlation between DHA and
soil temperature.

CONCLUSION

Tillage techniques had impacts on the examined
parameters in all sampling days, although the first
sample date following the tillage practices showed the
greatest variations. The lowest soil respiration and
dehydrogenase enzyme activity were determined
because of stubble burning. In the initial measurement
dates, increasing tillage methods had a considerable
impact on the biological characteristics of the soil, but
this influence subsided in the last stages of wheat
growth.

On the other hand, dehydrogenase enzyme activity and
soil respiration decreased because of the intensifying
soil tillage. Moreover, burning stubble had a
detrimental effect on soil respiration and DHA activity
as an essential biological indicator of the soil. Observed
parameters revealed that the largest variability
between sampling dates was due to air/soil
temperature. Along with the rise in soil temperature,
increases in microbial activity were observed.
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Table 4. The effect of long-term different tillage practices on soil temperature (°C)
Cizelge 4. Uzun stireli farkli toprak isleme uygulamalarinin toprak sicakligina etkisi (°C)
L Sampling Date
ggii‘ll(lllseg; 19.11.2020 30.11.2020 11.12.2020 31.12.2020 13.01.2021 926.01.2021
p=0.316 p=0.467 p=0.763 p=0.833 p=0.843 p=0.616
CT-1 15.02 +0.23 at C»° 11.0 +04 a G 12.6 +0.3 a F 9.1 +0.7 a H 12.3 +0.2 a F 80 0.1 a I
CT-2 14.9 +0.2 a C 10.9 +0.3 a F 124 +0.2 a E 9.1 £04 a G 124 +0.1 a E 7.9 £0.0 a H
RT-1 14.5 +0.1 a C 10.7 04 a E 126 0.2 a D 9.0 £0.5 a F 123 0.1 a D 81 0.1 a G
RT-2 160 +0.8 a C 11.3 +0.2 a G 12.8 +0.2 a EF 9.7 0.4 a H 12.4 +0.1 a GF 81 0.0 a I
RT-3 16.3  +0.7 a C 114 +04 a G 129 +0.1 a F 98 04 a H 124 0.0 a F 82 0.1 a I
NT 159 +0.8 a C 11.6 +04 a G 12.8 +0.2 a EF 9.7 £0.4 a H 12.4 +0.0 a FG 82 0.0 a I
ST 159 +0.8 a C 11.6 +04 a G 12.7 +0.3 a E-G 96 0.7 a H 12.3 +0.1 a FG 81 0.1 a I
Mean 15.5C 11.2 H 12.7 FG 941 124G 8.1d
Sampling Date
Soil Tillage Mean
Techniques 08.02.2021 24.02.2021 31.03.2021 16.04.2021 03.05.2021 26.05.2021
p=0.032 p=0.144 p=0.456 p=0.532 p=0.954 p=0.126 p=0.997
CT-1 128 +0.1 b EF 9.0 £0.2 ab H 14.3 +0.5 a CD 13.8 +0.2 a DE 21.8 £+0.1 a B 243 +0.3 ab A 13.7 a
CT-2 128 0.1 b E 87 0.1 b GH 13.7 04 a D 13.7 0.3 a D 22.0 £0.4 a B 237 £0.0 b A 135 a
RT-1 13.0 +0.2 b D 9.0 0.2 ab F 139 0.2 a C 141 £0.3 a C 22.1 0.3 a B 241 +0.3 ab A 136 a
RT-2 13.1 +0.1 ab EF 9.2 +0.2 HI 149 0.9 a CD 14.1 +0.4 a DE 22.0 £0.4 a B 25.0 +0.7 A 141 a
RT-3 13.3 0.0 a EF 93 0.1 a H 151 0.5 a D 14.2 +0.1 a DE 22.3 0.4 a B 25,1 £0.3 a A 142 a
NT 13.0 +0.1 b EF 9.2 +0.1 H 146 =05 a D 13.8 +0.1 a DE 219 04 a B 245 +0.1 ab A 140 a
ST 13.0 +0.1 b EF 9.1 £0.1 ab HI 144 0.3 a D 13.7 £0.1 a DE 221 0.2 a B 243 +0.3 ab A 139 a
Mean 13.0F 9.11 144D 139 E 22.0B 24.4 A

Means shown with the same letter are not statistically significant according to Duncan's test. The ANOVA value is p<0.001 for sampling dates and shown in the table for
comparisons between treatments.

1: CT-1: Conventional tillage with wheat stubble incorporated, CT-2: Conventional tillage with burned-off stubble, RT-1: Heavy disc harrow reduced tillage, RT-2: Reduced
tillage with a rototiller, RT-3: Reduced tillage with a rototiller and no-tillage practice combination, NT: Direct seeding without tillage, ST: Strategic tillage. 2 It is the
average of the samples in three plots. 3: It is the standard error of the means. 4: Lowercase letters give statistical comparison among treatments. 5: Uppercase letters give
statistical comparison among sampling dates.
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Figure 3. Pearson correlation test between soil organic matter (SOM), soil respiration (SR), dehydrogenase enzyme

activity (DHA), and soil temperature (STemp)

Sekil 3. Toprak organik maddesi (SOM), toprak solunumu (SR), dehidrogenaz enzim aktivitesi (DHA) ve toprak
sicaklig1 (STemp) arasindaki Pearson korelasyon testi

Consequently, conservation tillage practices are the
most ideal tillage practices in terms of the biological
qualities of the soil when all the above findings are
assessed together. Therefore, further research is
required in which physical, chemical, and biological
properties are evaluated together to find out the
impact of long-term different soil tillage practices in
terms of sustainable and ecological agriculture. The
sustainability of agricultural production in the area
will also be improved by deep looking into the long-
term consequences of various tillage systems under
various plant rotations as well as in various climate
and soil conditions.
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OZET

Bu calismanin amaci Ege Bolgesi'nde zeytin yetistiren isletmecilerin

Tarim Ekonomisi

etkinliklerinin 6l¢tilmesi ve bu etkinlige etki eden belirleyicilerin ortaya Aragtirma Makalesi
konmasidir. Tabakali Ornekleme Yéntemi kullamilarak ii¢ tabakaya

ayrilan igletmelerden 154 tanesi ile yluz ylize anket yapilmis ve elde Makale Tarihcesi

edilen verilerle Bootstrap VZA yontemi kullanilarak, isletmelerin Gelig Tarihi  :29.11.2023
etkinlik skorlar1 bulunmustur. Ikinci asamada, Kirpilmis Regresyon Kabul Tarihi :06.05.2024

yontemiyle isletmelerin etkinlik skorlarimi etkileyen faktorler

belirlenmigtir. Bootstrap VZA yontemiyle elde edilen diizeltilmig etkinlik Anahtar Kelimeler
skorlar1 ortalamasi 0,528 olmustur. Duzeltilmis VRS teknik etkinlik Etkinlik
degerlerine bakildiginda, birinci tabakadaki isletmelerin ortalamasi Bootstrap VZA
0,590; ikinci tabakadaki igletmelerin ortalamasi 0,471 ve ftgunci Zeytin

tabakadaki igletmelerin ortalamasi ise 0,472 olmustur. Etkin olan
1sletmelerin etkin olmayanlara gére %31,99 daha az agac, %0,37 daha az
isgiicli, %13,03 daha az azot, %48,09 daha az fosfor, %14,49 daha az
potasyum, %29,95 daha az ilag, %18,81 daha az su kullandig1 ve %13,02
daha fazla mazot kullandig1 belirlenmistir. Ikinci agsama olan Kirpilmisg
Regresyon analiz sonuc¢larinda Mugla ili igsletmeleri, tabaka 2 ve tabaka
3, isletnmecinin ortaokul veya lise egitim seviyesine sahip olmasi,
isletmeci tecriibesi, aile birey sayis1 ve CKS’ye kayitli olma etkinlik
skorunu pozitif yonde etkileyen faktorler olarak bulunmustur. Kooperatif
uyeligi ve tarim dig1 faaliyette bulunma ise etkinlik skorunu negatif
etkileyen faktorler olarak ortaya ¢ikmigtir. Elde edilen bulgular, zeytin
treticilerinin VRS teknolojileri altinda %47,2 daha az girdi kullanarak
ayn1 uretimi gergeklestirmelerinin mimkiin oldugunu géstermektedir.
Zeytin igletmelerinin kullandigi girdileri dogru tahsis etmelerinin
etkinliklerini artirabilecegi sonucuna ulagilmigtir. Ayrica ¢evre kirliligini
azaltmak ve gida glivenligini saglamak i¢in 6zellikle kimyasal girdilerin
ve fosil yakitlarin optimum sekilde kullamilmasinin gerekli oldugu
sonucuna varilmigtir.

Kirpilmis regresyon

Determination of Efficiency and Its Determinants in Olive Production in the Aegean Region: Bootstrap
DEA Approach

ABSTRACT

The aim of this thesis study is to measure the efficiency of operators

Agricultural Economics

growing olives in the Aegean region and to reveal the determinants
affecting this efficiency. The efficiency scores of the farms were
determined by using the Bootstrap Data Envelopment Analyze (DEA)

Research Article

Article History

method with the data obtained by conducting a face-to-face survey with Received 129.11.2023
154 of the farms divided into three groups using the Stratified Sampling Accepted 1 06.05.2024
Method. In the second stage, the significant impacts of the factors

affecting the efficiency scores of the farms were revealed with the Keywords

Truncated Regression method. The average of the bias-corrected Efficiency

efficiency scores obtained by the Bootstrap DEA method was 0,528. While Bootstrap DEA

the least efficient olive farms had a bias-corrected efficiency value of Olive

0,119, the most efficient farms had 0,840. Considering the bias-corrected
VRS technical efficiency values, the average of farms in the first group
was 0,590; the average of the farms in the second group was 0,471 and

Truncated regression
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the average of the farms in the third group was 0,472. Additionally,
inefficient farms had an average efficiency of 54.69% less than the
efficient ones. Efficient farms used 31,99% fewer trees, 0,37% less labor,
13,03% less nitrogen, 48,09% less phosphorus, 14,49% less potassium,
29,95% less pesticide, and 18,81% less and 13,02% more diesel compared
to inefficient farms. In addition, experience, number of family members,
FRS membership, cooperative membership, and non-agricultural activity
variables were found to be significant in the Truncated Regression
Analysis as well as Mugla province, secondary school, high school, Group
2 and Group 3 dummy variables. These results show that it is possible
for olive producers to achieve the same production using 47.2% less input
under VRS technologies. It has been concluded that the correct allocation
of inputs used by olive enterprises can increase their efficiency. It has
also been concluded that it is necessary to use chemical inputs and fossil
fuels optimally in order to reduce environmental pollution and ensure

food safety.

Atif Igin:  Sar, M.M., & Kiilekei, M (2024). Ege Bolgesi zeytin iiretiminde etkinligin ve belirleyicilerinin tesbiti:Bootstrap
VZA yaklagimi. KSU Tarim ve Doga Derg 27(6), 1459-1468. DOI: 10.18016/ksutarimdoga.vi.1397816.

To Cite: Sari, M.M., & Kiilekci, M (2024). Determination of Efficiency and Its Determinants in Olive Production in the
Aegean Region: Bootstrap DEA Approach KSU J. Agric Nat 27 (6), 1459-1468. DOI: 10.18016/
ksutarimdoga.vi.1397816.

GIRIS illeri olmustur.

Zeytin agaci her daim yesil olan, uzun 6mirli ve 30-45
enlemleri arasinda her iki yarim kirede de yetigsebilen
bir bitkidir (Russo vd. 2016). Ancak, Diinya genelinde
zeytinin yaklagsik %97’lik kismi Akdeniz Kusagi’nda
uretilmektedir. Tirkiye ise Diinya zeytin iiretiminin

%7,81ini  gergeklestirmektedir (Anonim, 2022a).
Ispanya, Italya ve Yunanistan’dan sonra en ¢ok zeytin
iiretimi Tirkiye'de gerceklesmektedir (Anonim,

2022a). Dolayisiyla Tiirkiye'nin zeytin iiretiminde
onemli bir potansiyeli vardir. Ayrica, Turkiye'de
zeytin arazilerinin toplam tarim arazilerindeki payi
yaklagik %4,4'tiir (Anonim, 2019). Zeytin, Tiirkiye
tariminin en énemli Girtinlerinden birisidir ve yaklagik
400.000 ciftcinin gecim kaynagidir (Erdal & Vural,
2017). Zeytin iiretim alani ve iiretim miktarlarinda
Ispanya, Italya ve Yunanistan gibi Avrupa tilkelerinin
yam sira Turkiye'de de gecen yillarda énemli artiglar
kaydedilmistir (Beltran-Esteve, 2013; Cukur ve ark.
2013; Galluzzo, 2014; Niavis ve ark. 2018). Son 20 yil
incelendiginde Tirkiye’de yaklagik olarak zeytin agaci
sayisinda %89 ve zeytin Uretiminde %119 artis oldugu
belirlenmigtir. 2001 y1linda 99.000.000 olan agag sayis1
2020 yilinda 187.163.252’ye ve 2001 yilinda 600.000
ton olan Uretim miktar:1 2020 yilinda 1.316.626 tona
cikmistir (Anonim, 2022b).

Zeytin Turkiye sinirlarinda birgok bélgede yetisebilen
bir  bitkidir. Dogu  Karadeniz = Boélgesinden
Guneydogu’ya, Akdeniz, Ege ve Marmara Bolgelerinde
ve hatta bazi i¢ kesimlerde bile tiretilmektedir. Ancak,
yogun olarak Ege, Akdeniz ve Glney Marmara
Bolgelerinde yetistiriciligi yapilmaktadir. En yogun
zeytin Uretiminin gergeklestigi bolge ise Ege
Bolgesi'dir. Ege Bolgesinde ise en fazla uretimi
gerceklestiren iller Aydin, Izmir, Manisa ve Mugla
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Uretilen zeytinin verim miktarma bakildiginda
Turkiye, ortalama zeytin veriminde Dinya
ortalamasinin yaklagsik %2,4 tlzerindedir. Avrupa
Birligi tilkelerinin verim ortalamalar: incelendiginde
Turkiye ortalamasinin Avrupa Birligi ortalamasindan
yaklasik %28,7 daha az oldugu goértulmektedir. Verim
miktarinda AB ortalamasinin altinda yer alan
Turkiye’de, verimde artis saglayacak tedbirlerin
alinmasi gerekmektedir. Tlrkiye'de zeytin Giretiminde
verimin artirilarak AB tilkeleri diizeyine gelmesi hem
turetim ve karhiligi hem de rekabeti artiracaktir. Zeytin
uretiminde maliyetin distiik olmasi tilkeler arasindaki
rekabette 6nemlidir (Semerci, 2018). Verim diisiikligi
maliyetin ylikselmesine neden olmaktadir. Verimde
azalmaya yol acan bir¢cok neden bulunmaktadir. Bu
nedenlerden en 6nemlileri girdi kullanim diizeyi ile
isletme ve igletmeci 6zelliklerinin tretim etkinligine
etkisidir. Zeytin Ureten tarim isletmelerinde igletmeci
kararinin sonucu olarak ortaya cikan girdi se¢imi ve
kullanim miktar1 yaninda isletmecinin (yas, cinsiyet,
tecriibe, egitim vb) ve isletmenin (zeytinlik alani, arazi
parcalihlk durumu, sulanabilme durumu, arazinin
egimi, ailedeki birey sayisi, vb ) 6zelliklerinin elde
edilen verime dolayisiyla da igletmenin tretim
etkinligine katkisinin belirlenmesi gerekmektedir.

Diinya niifusu ve tiikketimdeki artig, tarimsal tiretimde
girdi yogun kullanilan tretim modelini zorunlu hale
getirmistir. Dolayisiyla, tarimsal tiretimde yogun girdi
kullanilmaktadir ve béylece tiretim miktarinda 6nemli
artiglar gorilmektedir. Ancak, daha strdurilebilir
tarimsal faaliyetler ve gevre i¢in kullanilan girdilerin
en aza indirilmesi ya da optimum olarak iiretime
katilmasi biiyiik 6nem arz etmektedir. Ciinki tarimsal
uretim igin gerekli olan, 6zellikle akaryakit, kimyasal
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ilag ve guibreler gevreye de zarar vermektedir. Bu
petrol urtnleri ve kimyasallarin bilingsizce ve fazla
miktarda kullanilmasi hava, su ve toprak kirliligine
neden olmaktadir. Neden olunan kirlilikler ise uzun
vadede dogaya ve insan sagligina zarar vermektedir.
Bunun yan sira, tarimsal iretimde kalite ve verim de
bundan negatif olarak etkilenmektedir.

Bu caligsma ile zeytin tretimi yapan ureticilerin girdi
kullanim dizeyleri belirlenmigtir. Yiiz ylize yapilan
anket formlar1 ile insan giicli, makine, ilag, giibre,
mazot, elektrik ve sulama suyu gibi girdilerin mevcut
kullanilan ve optimum miktarlar1 elde edilmigtir.
Bununla birlikte igletmecinin yasi, egitimi ve
tecriibesi, ailedeki birey sayisi, arazi miktari, Gretim
teknigi, zeytincilikle ilgili bir tarimsal 6rgiite tiye olma
durumu, bilgi kaynagina bagvuru durumu, zeytin
uretimine yonelik tesviklerden faydalanma durumu
vb. degiskenler ikinci agsamada modele dahil edilerek
isletmecilerin etkinliklerine olan etkileri ortaya
konulmustur. Sonug olarak, zeytin treticilerinin girdi
odakli etkinlik diizeylerinin belirlenmesi, yani ayni
tretim diizeyi korunarak ne kadar girdi tasarrufunda
bulunulabilecekleri ve yukarida belirtilen demografik
faktorlerin Uretim etkinligine nasil bir katk:
saglayacagi arastirilmigtir.

MATERYAL ve METOD

(Calismanin ana materyalini zeytin lretiminin yogun
oldugu Aydin, Izmir ve Mugla illerinde =zeytin

yetistiren isletmelerle yapilan anket verileri
olusturmaktadir. Calismada Tabakali Ornekleme
Metodu kullamilmagtir.

Cizelge 1. Tabakalarin Belirlenmesi
Table 1. Determination of Layers

Ornekleme yontemi

Popiilasyon ana kitlesinin biiyiik oldugu durumlarda,
zamandan ve diger maddi faktorlerden tasarruf etmek
icin érnekleme yontemleri kullanilmaktadir (Yamane,
2006). Dolayisiyla calisma kapsaminda belirlenen
Aydin ilinin Cine, Kuyucak ve Sike ilcelerinden; Izmir
ilinin Bayindir, Bergama ve Seferihisar ilgelerinden ve
Mugla ilinin Dalaman, Fethiye ve Milas il¢elerinden
her birinden tger adet koy belirlenmistir. Secilen bu
koylerin ilgeleri; secilen ilgelerin de illeri en iyi sekilde
temsil edecegi dusintulmustir. Calismanin ana
kitlesini belirlenen bu koylerde zeytin yetigtiren 2889
tarim igletmesi olusturmaktadir. Bu calismada ana
kitleyi en iyi sekilde temsil edecek 6rnek hacminin
hesaplanmasinda tabakali 6rnekleme yontemi uygun
gorilmustir. Poptlasyon bireyleri arasinda buyik

farkliliklar olmasi durumunda popiilasyonu
tabakalara aywrmak c¢alisma sonuglarimi daha
givenilir hale getirecektir. Tabakali o6rnekleme

yonteminin formiili asagida verilmistir (Yamane,
20086).

Nz= g~

T d2(N —1) + z2d?

n

Formiilde,

1’ Ornek hacmi

o Standart sapma

N: Anakitle buiytukluga

d- Hata degeridir.

Yapilan arastirmada %90 giiven araligi ve %10 hata
payi ile 6rnek hacmi 154 olarak bulunmustur.

Yukarida verilen formiile gore olusturulan tabakalar
ve herbir tabakada ornege c¢ikan isletme sayilar
Cizelge 1’de verilmistir.

Tabaka No Tabaka Alt ve Ust Tabakadaki Isletme Standart Sapma (Nh*Sh) Ornek
Sinirlar: (da) Sayis1 (Nh) (Sh) Sayisi
1 1-10 1343 2.824 3792.632 73
2 11-40 1111 8.275 9193.525 38
3 41-200 435 30.985 13478.475 43
Toplam 1-200 2889 42.084 26464.632 154

Veri analiz yontemi (Etkinlik Analizi)

Ilk olarak Farrell tarafindan 1957 yilinda etkinlik
Olculmiustir. Etkinligi 6l¢gmek icin cesitli parametrik
ve parametrik olmayan yoéntemler mevcuttur.
Parametrik yontemler en iyi performansi gosteren
karar birimine gore etkinligi 6l¢gmek yerine. ortalama
performansa gére etkinligi 6lcmektedir (Yesilyurt.
2018). Parametrik olmayan yontemlerde ise goreceli
etkinlik 6lgiilmektedir. Yani popiilasyonu temsil eden.
ornek icerisinde bulunan karar birimleri igerisinde
verilen girdileri en etkin sekilde kullanarak
maksimum Urini elde eden karar birimleri etkin
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birimler olarak degerlendirilmekte ve diger karar
birimleri bu etkin karar birimlerine goére
degerlendirilerek etkinlik skorlari elde edilmektedir.
Parametrik olmayan yontemlerden en ¢ok kullanilam
Veri Zarflama Analizi (VZA) yéntemidir. VZA yéntemi
kaynak  etkinliginin  06lgiilmesinde  bankacilik.
sigortacilik. saglik sektorii ve tarim sektoriinde yaygin
olarak kullanilmaktadir (Temur & Bakirci. 2008;
Bedihoglu & Ozcan. 2009; Giindiiz ve ark.. 2011;
Cukur ve ark.. 2013). VZA yontemi parametrik
olmayan ve tarim sektériinde de oldukc¢a yaygin
bicimde kullanilan bagarili bir etkinlik 6lgme
yontemidir (Toma ve ark. 2017). VZA yonteminde
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girdi odakli ve c¢ikti odakli olmak tzere iki farkl
yaklagim vardir. Girdi odakli VZA yaklagimda mevcut
tiretim (¢1ikt1) seviyesi minimum girdiyle saglanmaya
calisihirken ¢ikt1 odakli VZA’da mevcut girdiyle
maksimum iiretim (¢ikt1) saglanmaktadir. Tarimsal
uretimde. ureticilerin girdi tizerinde. giktilara oranla
daha fazla kontol glct oldugu i¢in girdi odakli VZA
daha uygun bir yontem olmaktadir. Bu ¢alismada girdi
odakli VZA kullanilmasi uygun goérilmiistiir. Diger bir
ifadeyle. ayni turetim diizeyinde kullanilan girdilerde
saglanabilir tasarruf miktar1 ortaya konacaktir.
Calismada her zeytin treticisinin j (=1.2.3...n) tek
ciktis1 zeytin {iretim miktar1 girdi olarak ise xij (agac.
iggicli. mazot. azot. fosfor. potasyum. ila¢ ve sulama
suyw kullamilmaktadir. Cooper ve ark. (2007)
tarafindan kullanilan CRS (Olgege gore sabit getiri)
varsayimi altinda VZA formuli asagida verilmigtir:

Minimum 8 — E s: + E s
r i

n

in}-.-l}-—l_ Si_ = El}xil}-' II: 1:21 ey 1L

7=l
n

FIY--A-—ST

E T

¥ r=12..p

;,S: = 0 olmaktadar.

Biitiin 7. jve ricin; .l}-,s
Burada xj ve yj sirasiyla énceden tanimlanan girdiler
ve ciktidir. A; vektor agirliklari. 0 igletmelerin O ile 100
arasinda yer alan teknik etkinlik endeksidir.
Yukaridaki esitlik CCR (Charnes ve ark.. 1981)
tarafindan  kullamilan CRS varsayimidir. Bu
varsayimda girdi miktarinda belli bir degisim
oldugunda ayni degisim c¢ikt1 miktarinda da olacagi
ongorilmektedir.

CCR modeli tretilen Griiniin genel teknik etkinligini
vermektedir. Ancak. o0l¢cek ekonomisinden dolay:
tarimsal tretim Olgege Gore Degisir Getiri (VRS)
varsayimi altindadir. CCR modelinden elde edilen
teknik etkinlik (TE) saf teknik etkinlik ve &lcek
etkinligi olarak ikiye ayrilir. Genel Teknik Etkinlik
(TEccr) = Saf teknik etkinlik (TEgcc) * Olgek etkinligi
(OF) ya da

TEccr =TEgcc * OE

Burada TEgcc ¢iftginin yonetim etkinligini yansitirken
OE genel TE ve TEpcc arasindaki kalintidir ve
igletmenin optimum &lgekte calisip calismadigim
gostermektedir (Heidari ve ark. 2012). Banker ve ark.
(1984) CRS varsayimina ilave bir kisit daha ekleyerek
> A; =1 Charnes ve ark. (1978)in c¢alismasini

genigletmistir. Cozim agagidaki gibidir:

Minimum 8 — (Z rs: + Z i s;)
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.
ini"l}'+ s = Bpxig. i=12,..,m
=1
.
Z}’,.}-A}-— ST = Vg, r=12,..,5
=1
Z}- .;L}. = 1 butun 1 jve I'iQin A}.’_gi_ _5-: =0 eSlthgl

gecerli olacaktir.

Yukaridaki esitlik TEscc modelidir ve genel TE’yi saf
teknik ve &lgek etkinligine ayirir. Olgek etkinlik
skorunun 100 olmasi. igletmenin CRSde ya da
optimum olgekte iiretim yaptigini gostermektedir.
Diger tarafta. 6lgek etkinlik skorunun 100’den kuguk
bir degere sahip olmas ise igletmenin IRS (Olgege gore
artan getiri)’de ya da DRS (Olcege gore azalan

getiri)’de  tretim  yaptigim1  tammlar.  Olgek
etkinsizliginin mevcut oldugu durumda DRS
varsayimi altinda {Uretim yapan isletmelerin

girdilerini azaltmasi. IRS varsayimi altinda tretim
yapan isletmelerin girdi kullanimi artirmasi tavsiye
edilir ve boylece igletmelerin ortalama etkinligi artmis
olur.

Bootstrap VZA yontemi

Daha once yapilan bir¢cok calismadan elde edilen
sonuglar. standart VZA’nin. rastsal hatalarin negatif
etkilerini elemine edemedigini ve bu ylizden yanh
etkinlik skorlarini tahmin ettigini géstermistir (Simar
& Wilson. 2000a). Calismalar ayni1 zamanda tahmin
edilen etkinlik skorlarinin. elde edilen sinirin 6rnek
varyansina duyarli oldugunu goéstermistir. Standart
VZA’ni iyilestirmek icin Simar ve Wilson (2000b)
etkinlik skorlari icin belirsizligin 6lciimiinii (yanh
tahminleri dizeltmek ve guven araliklarinin
belirlenmesi gibi) saglayabilen giiclii bir metod olan
Bootstrap VZA yontemini gelistirmiglerdir.

Bootstrap VZA yaklasimi asagidaki gibi 6zetlenebilir
(Simar & Wilson. 2000b).

1.
karar biriminin r’inci ¢iktisimi tiretmek i¢in farkli m
girdisi x;; (i=1,2,..,m) kullanan her bir karar
birimi (K B;,j=12,.., 1) i¢in VZA etkinlik skorlar
(€) modeli
coziilerek hesaplanir. VZA. Banker ve ark. (1984)
tarafindan standart genel teknik etkinligi tahmin

etmek ve onu saf teknik etkinlik ve 6lgek etkinligine
ayrigtirmak i¢in gelistirilmigtir.

Farkh s giktilarim ¥, (r=12,..,r) yani j

asagidaki dogrusal programlama

B* = Min#
n T .
i=1 .ljxi}- <fx, i=1,..m;
n — .
i=1 A}-YF,}- =Y, r=1,..5s;
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n J—

n L A=1
H,}- =0 j=1,..n;
B*teknik etkinlik skorunu temsil etmektedir.
B* <= 1 olmas1 degerlendirilen karar biriminin

etkinsiz olmasini ifade eder. 8% = 1 karar biriminin
tamamen etkin oldugu anlamina gelir. E_’;:l .l}- =1

olmasi digbiikeylik sinirlandirmasidir. Bu model CRS
varsayimi altindaki VZA modelidir.

2. {élr s é,!} den cekilen n adet tesadiifi 6rnek

biytkligini {6, ...,8,,} tliretme  islemi.

gerceklestirilir. “Smooted  Boostrap” metodu.

Silverman (1986) yansitma metodu ve Kernel

yogunluk metodu kullanilarak gerceklegtirilir.

3. Bootstrap  teknigini  yapilandirmak igin
a.’

Xy = 5X; formuli kullamlarak
E_fh ]

{(x;b,Y}-]: j=1,.., n} yalanci veri seti olusturulur.

4. Sunulan o6nceki dogrusal programlama
modelinin bootstrap karsilig:1 ¢oziilerek her bir karar
birimi (f = 1,2,...,1n) i¢in Ejb etkinlik skorlarinin 5'}-1,
bootstrap tahmini hesaplanir.

5. j=1,...,m i¢in bir bootstrap tahminleri
{f;b;b =1, ...,B} setini olusturmak icin B sayis1
kadar 2-4 adimlari tekrarlanir. Simar ve Wilson

(2007ya gére B makul bir giivenaralign tahminini
yapabilmek i¢in 2000’e esit olmalidir.

Bootstrap tahminlerini yaptiktan sonra herbir karar
biriminin etkinlik skorlari i¢in yiuizde olarak gtiven
araliklarini yapilandirabiliriz. Bunu yapmak i¢in a,
ve b, degerlerini bularak [éj - 5'_;,-:] nin dagilimin
bilmemiz gerekmektedir.

Prob(—b, < g, — 6, = —a,)=1—a
(6, — 6,)nin dagihmi bilinmedigi icin @, ve by

degerlerini bulmanin mimkin olmadigini Simar ve
Wilson (2007) gostermistir. Bu problemi ¢ézmek icin

{#3,:b=1,..,B}
dagilimindan @, ve E:‘ degerlerini bulabiliriz.

Prob(—b, < 5':, -6 = —d,)*¥1l—a

bootstrap tahminlerinin

Esitlik 3'teki da, ve Em degerleri. artan sirada

b=1,..,F icin [éj - 5'_;,-) degerleri siralanarak ve
daha sonra siralanan listenin sonundaki her iki ucta
yer alan elemanlarin ytzdesi (o</2 % 100) silinerek

hesaplanan @, ve b, 'nin yaklasik degerleridir. &, ve
b.
olacak sekilde ayarlanarak her bir & B}-, j=12,..,n

fi,, = b, sirall dizilisinin son noktasina esit
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i¢in etkinlik skoru asagidaki gibi tahmin edilebilir:
E\'}- +d, = 9}- = 5'}- +b,

Bootstrap yaklagimi ayni zamanda asagidaki gibi

tahmin edilen yanlh etkinlik skorlarini
,_E;;_’ Jj = 1,...,7 degerlendirmemize izin vermektedir.
B
Bias;(8;) =B* Z 65, — 6,
B=1
Esitik 5ten  her bir etkinlik skorunun

(6;,j = 1, ....,n) diizeltilmis yanh tahmini asagidaki
gibi belirlenir:

5.1' = éj B Bﬁ;j ["%)

Bunun yaninda Bootstrap degerlerinin 6rnek
varyansim1 temsil eden &° asagidaki formiille
bulunmaktadir:

1. .
5% < 3 [Ems}-[ﬂj)]_

VZA sonucunda. girdilerin
dizeyleri de hesaplanabilmektedir. Bu durum
isletmelerin elde etmis olduklari zeytin uretim
miktarim girdilerde ne kadarlik bir tasarruf yapilarak
elde edilebilecegini vermektedir. Boylece ayni tiretim
miktarini elde edebilmek icin girdilerde yapilacak
tasarruf miktarlar: hesaplanabilmektedir.

optimum kullanim

Double-Bootsrap yonteminin bir sonraki adimi olan
kirpilmig regresyon analizi. etkinlik skorlarinin diger
bagimsiz degigskenler tarafindan o6l¢ilmesidir. Bu
6l¢cim. teknik etkinlik degerlerinin tersinin alinmasin
ve §; = (1/6) olarak tammlanmasin icerir. Sonug
olarak. bagimsiz degigkenler kiimesine bagh degisken
¢ift sinir boyutundan tek sinir boyutuna dontstirilir.
Boyle bir durumda &;. §,¢ [1. ) arahig ile simirhdir ve
teknik etkinlik puanlarimin  karsihign ile iligkili
faktorleri belirlemek ic¢in sol limit kesme regresyonu

kullanilir. (2 etkin bir igletmeyi gosterirken. daha
biyiik olan &2 degeri etkin olmayan bir isletmeyi
gosterir.

Bagimh degisken ile bagimsiz degiskenler arasindaki
iligki su sekilde gosterilebilir:

8, =z/B+e¢ eger: &,

E}l

Bu matematiksel modelde 22 bagimsiz degiskenlerin
bir (NxK) matrisidir. £ ilgili tahmin edilecek
parametrelerin bir vektoridiir ve &; stirekli bir rasgele
hata terimidir. 67 > 1 — zJi B esitsizligi dikkate
alindiginda. e soldan kirpilmistir (I — zJi B) ve
standart sapma oe ile normal olarak dagilir. Bu
varsayim altinda. yukaridaki denklemin
parametreleri modelin parametreleri soldan kirpilmig
olabilirlik fonksiyonu kullanilarak su sekilde elde
edilir:
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N -1 vE_ gt 70.532
1 8._z! 1 —z! — Sg=i"CRS _ B-23s
L= | | (_) gl ——|d|1—d —”8 S Ii-,Efgs 102.078 0.691
gE gE gE -

i=1
Burada @ ve ¢ standart normal i¢in sirasiyla tek
degiskenli olasilik yogunlugu ve kumilatif dagilim
fonksiyonlaridir. Veri olusturma asamasi
tanimlandiginda. Double-Bootstrap yontemi oe ve
B'nin 6rnekleme dagilimlarini ampirik olarak tahmin
etmek ve dogru cikarimlar yapmak i¢in giiven araligi
olusturur (Monchuk ve ark. 2010).

BULGULAR ve TARTISMA

Bu ¢alismada zeytinde tiretim etkinligi hesaplanirken
gozlemlerin o6rneklendigi kiimenin CRS veya VRS
gostermesinin test edilmesi amaglanmigtir. Bu hipotez
asagida verilmigtir.
Ho: CRS teknolojisi
Ha: VRS teknolojisi

Radyal VZA i¢in S=0.691 olarak hesaplanmigtir. S ve
10000 yinelemeli Bootstrap VZA yaklagimiyla
hesaplanan Sb i¢in p= 0.025 olarak bulunmustur.
Buna gore a=0.05 i¢in p<a oldugu igin sifir hipotezi
reddedilir. O halde. zeytin uretiminde VRS s6z
konusudur. Bu nedenle etkinligi artirmak amaciyla
yapilmasi gerekenleri ortaya koyabilmek igin. girdiye
doniik VRS diizeltilmis etkinlik degerlerinden
yararlanmak gerekmektedir.

Cizelge 2’de Bootstrap VZA’da kullanilan g¢ikt1 ve

girdilere ait ortalama degerler. minimum ve
maksimum  degerleri ve standart sapmalari
verilmigtir. Gosterilen bu degerlere ait birimler

verilmigtir. Ayrica buUtin bu degerler aga¢ basina
degerlerdir.

Cizelge 2. Bootstrap VZA’da Kullanilan Cikt1 ve Girdilere Ait Tamimlayic1 Istatistikler
Table 2. Descriptive Statistics of Outputs and Inputs Used in Bootstrap DEA

Cikt1 ve Girdiler Ortalama Minimum Maksimum Standart Sapma
Verim (Kg) 19.76 1.50 100.00 15.38
Meyve Veren Agac (Adet) 590.56 40.00 2200.00 574.47
Isgiicii (EIB) 0.28 0.02 1.77 0.19
Mazot (Litre) 0.97 0.12 5.88 0.91
Azot (Kg) 0.59 0.04 4.92 0.66
Fosfor (Kg) 0.46 0.00 5.00 0.49
Potasyum (Kg) 0.30 0.00 1.76 0.25
Ilag (TL) 2.99 0.14 36.00 3.47
Sulama (Ton) 4.67 0.05 38.40 5.64
Isletmelerin bootstrap VZA sonuglar: Cizelge 3'te verilmigtir.
Cizelge 3. Isletmelerin Bootstrap VZA Sonuglar
Table 3. Bootstrap DEA Results of Farms
Degigkenler Ortalama Std. Sapma Min. Maks.
CRS
Diizeltilmemis TE 0.458 0.302 0.047 1.000
TE=1 (%) 14.29
TE>0.8 (%) 18.18
TE>0.5 (%) 37.66
Diizeltilmis TE 0.344 0.211 0.036 0.816
TE>0.8 (%) 0.65
TE>0.5 (%) 25.97
VRS
Diizeltilmemis TE 0.663 0.279 0.143 1.000
TE=1 (%) 29.87
TE>0.8 (%) 37.66
TE>0.5 (%) 64.29
Diizeltilmis TE 0.528 0.206 0.119 0.840
TE>0.8 (%) 4.55
TE>0.5 (%) 50.00

Elde edilen sonuglar. zeytin ureticilerinin CRS
teknolojileri altinda %65.6 oraninda daha az girdi ile
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ayn1 Uretim miktarin1 elde edebileceklerini ortaya
koymaktadir. CRS i¢in orijinal VZA etkinlik
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skorlarinin 0.047 ile 1.00 arasinda degistigi tespit
edilmigtir. En koéti performans gosteren igletmenin
stmirin1 kaydirarak girdilerden %95.3 oraninda
tasarruf edebilecegi goriulmektedir. CRS teknolojileri
altinda tamamen etkin olan igletmelerin toplam
igsletmelerin  %14.3inii; 0.5in  lzerinde etkinlik
skoruna sahip olan igletmelerin ise toplam
igletmelerin %37.66’s1n1 olugturdugu tespit edilmigtir.

VRS teknolojileri altinda 1ise zeytin yetistiren

belirlenmigtir. Orijinal VZA etkinlik skorlar1 VRS i¢in
0.143 ve 1.00 arasinda degismektedir. Bu durum en
kot performans sergileyen isletmenin sinirim
kaydirarak girdilerinden %85.7 oraninda tasarruf
saglayabilecegini gostermektedir. VRS teknolojileri
i¢cin tamamen etkin olan igletmelerin oraninin 29.87
oldugu. isletmelerin %64.29'unun etkinlik skorlarinin
0.5in uzerinde oldugu tespit edilmistir. Galluzzo
(2014) ise konvansiyonel zeytin igletmelerinde teknik

isletmeler. %47.3 daha az girdi kullanarak aym etkinlik skorunu 0.388 olarak bulurken. organik

{iretimi  gerceklestirmelerinin  mimkiin  oldugu zeytin isletmelerinde 0.481 olarak bulmustur.

Cizelge 4. Isletmelerin Teknik Ekinlik Skorlarimin Tamimlayic: Istatistikleri

Table 4. Descriptive Statistics of Technical Efficiency Scores of Farms
VRS Ortalama 1 2 3
Etkinlik 0.663 0.741 0.587 0.597
Diizeltilmis Etkinlik 0.528 0.590 0.471 0.472
Fark 0.135 0.151 0.116 0.124

Cizelge 4’te isletmelerin teknik etkinlik skorlar:.
diizeltilmis etkinlik skorlari ve fark ortalamalar:
tabakalara gore verilmistir. Orneklemde yer alan 154
isletmenin teknik etkinlik skorlari ortalamasi 0.663
olurken. birinci tabakadaki igletmelerin teknik
etkinlik skoru ortalamasi 0.741 degeriyle ilk sirada yer
almaktadir. 0.597 teknik etkinlik skoru ortalamasiyla
uclnci tabaka. ikinci sirada yer alirken; 0.587 teknik
etkinlik skoru ortalamasiyla ikinci tabaka son sirada
yer almigtir. Diizeltilmis teknik etkinlik skorlarinin
ortalamalarina bakildiginda 1ise teknik etkinlik
skorlarina  paralel bir durum gorilmektedir.

Isletmeler genelinin ortalamasi 0.528 olurken. birinci
tabaka ortalamasi 0.590 degeriyle en yiiksek olmus.
uclncl ve ikinci tabaka ise 0.472 ve 0.471 ortalama
degerleriyle sirasiyla ikinci ve tug¢unci olarak yer
almigtir. Bu sonuglar dogrultusunda. birinci tabakada
yer alan igletmelerin diger isletmelere gore daha etkin
oldugu ortaya citkmaktadir.

Kirpilmig Regresyon modelinde kullanilan
degigskenler. bu degiskenlerin isimleri. tanimlamalari
ve birimleri. ilgili degigkenlere ait maksimum ve
minimum degerler Cizelge 5’te sunulmustur.

Cizelge 5. Kirpilmis Regresyon Verilerine Ait Tanimlayic: Istatistikler
Table 6. Descriptive Statistics of Truncated Regression Data

Degigken Tanim Ort. Std. Sapma Min. Maks.
Mugla Mugla Ilindeki Ureticiler=1. Diger=0 0.331 0.472 0.0 1.00
Izmir Izmir Ilindeki Ureticiler=1. Diger=0 0.325 0.470 0.0 1.00
Ortokul Ortaokul Mezunlari=1. Diger=0 0.149 0.358 0.0 1.00
Lise Lise Mezunlari=1. Diger=0 0.104 0.306 0.0 1.00
Tecrube Tecriibe (Y1l) 36.240 14.327 5.0 70.00
Ailesay Ailedeki Birey Sayis1 (Kigi) 3.305 1.325 1.0 11.00
Cks CKS Kaydi 1=Evet. 0=Hayir 0.844 0.381 0.0 1.00
Araziuz Arazi Uzaklig1 (Km) 2.188 2.785 0.0 15.00
Arazipar Arazi Parga Say1Sl (Adet) 2.864 2.744 1.0 15.00
Birlik Birlik Uyeligi 1=Evet. 0=Hayir 0.058 0.235 0.0 1.00
Koop Kooperatif Ortakligi 1=Evet. 0=Hayir 0.500 0.502 0.0 1.00
Hayvnclk Hayvancilik Faaliyeti 1=Evet. 0=Hayir 0.292 0.456 0.0 1.00
Tardis Tarim Dig1 Faaliyet 1=Evet. O=Hayir 0.195 0.397 0.0 1.00
Araziegm Arazi Egimi 0=Duz. 1=Az egimli. 2=Yamag 0.396 0.631 0.0 2.00
Destek Destekleme Alma 1=Evet. O=Hay1r 0.825 0.381 0.0 1.00
Tabaka2 2. Tabaka isletmeleriZI. Diger =0 0.247 0.433 0.0 1.00
Tabaka3 3. Tabaka Igletmeleri=1. Diger =0 0.279 0.450 0.0 1.00

Cizelge 6’da kirpilmis regresyon analizi sonuglar1 yer
almaktadir. Kirpilmig regresyon analiz sonuglarina
gore istatistiksel olarak anlamli ¢ikan degiskenlere
baktigimizda ~Mugla ilinde zeytin yetistiren
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isletmelerin Aydin ilindekilere goére daha etkin
olduklar1 %1 6nem seviyesinde anlamli bulunmustur.
Mugla’da bulunan igletme sayisindaki 1 adetlik bir
artis Aydin’da bulunan igletmelere goére etkinligi
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yaklagik %111 oraninda artirmaktadir.

Isletmecisi ortaokul mezunu olan igletmelerin ilkokul
ve lise Uistii egiitime sahip olanlara gore daha etkin
oldugu %5 6nem seviyesinde 6nemli bulunurken yine
lise mezunu igletmecilerin ilkokul ve lise lizeri egitime
sahip igletmecilerin bulundugu igletmelere goére %1
onem seviyesinde anlamli bulunmustur. Isletmecinin
ortaokul ve lise mezunu olmasi sirasiyla igletmenin
etkinligini ilkokul mezunu ve lise usti egitim

seviyesine sahip igletmecilere gore isletme etkinligini
yaklasik olarak sirasiyla %208 ve %156 artirmaktadir.
Bu durum ortaokul ve lise mezunu olan igletmecilerin
lise Ustii egitime sahip igletmecilere gore gegimini
tarimdan saglayan ve bagka geliri bulunmayan ilkokul
mezunu olanlara goére ise daha yeni ve etkin iiretim
yontemleri benimsemeleri bu yiizden de tarimsal
gelirini artirmak ig¢in c¢abalayarak girdilerini etkin
kullanma gayreti icerisinde bulunmalari nedeniyle
boéyle bir sonucun olugtugu diisiiniilmektedir.

Cizelge 6. Kirpilmis Regresyon Modelinde Kullanilan Degiskenler ve Analiz Sonuclari
Table 6. Variables Used in Truncated Regression Model and Analysis Results

Degigkenler Katsay1 %90 Guiven Aralig: %95 Giiven Aralig1 %99 Giuven Araligi
Alt Sinir Ust Alt Sinir Ust Alt Sinir Ust Siir
Sinir Sinir
(Intercept) -8.314** -1.443 -5.362 -15.017 -3.796 -15.824 0.969
Mugla 1.110% 6.995 2.660 -0.315 2.834 -1.279 3.362
Izmir 0.440 -9.057 1.960 -1.238 2.270 -2.235 2.956
Ortokul 2.085%* 7.318 4.107 0.401 4.462 -0.707 4.965
Lise 1.560* 5.113 3.799 -0.470 4.114 -1.418 5.270
Tecrube 0.069** 3.021 0.126 0.015 0.133 -0.020 0.150
Ailesay 0.875%** 5.342 1.415 0.434 1.489 0.100 1.608
Cks 2.278% 2.434 4.975 -0.336 5.470 -1.745 6.471
Araziuz -0.056 -2.673 0.202 -0.306 0.272 -0.410 0.403
Araziparca 0.121 -6.996 0.377 -0.115 0.435 -0.235 0.547
Birlik -1.006 -3.436 2.260 -3.825 3.529 -4.739 6.201
Koop -2.139%* -3.705 -1.148 -3.881 -0.763 -4.300 0.185
Hayvnclk -0.925 -2.299 0.392 -2.555 0.746 -2.919 1.689
Tardis -1.947* -3.715 -0.457 -3.941 0.013 -4.477 1.515
Araziegm -0.165 -9.973 0.762 -1.143 0.951 -1.483 1.591
Destek -1.929 -4.709 0.014 -5.193 0.498 -6.442 1.445
Tabaka2 3.053%** 1.973 5.162 1.436 5.398 0.096 5.757
Tabaka3 4.521%%* 3.443 6.967 2.685 7.227 0.734 7.610
Sigma 2.264%%* 2.091 3.079 1.929 3.139 1.540 3.253

*%10 6nem dizeyi. ** %5 6nem duzeyi.*** %1 6nem diizeyi

Isletmecinin tecriibesi arttik¢a isletmenin etkinliginin
%10 onem seviyesinde arttig1 analiz sonucundan
cikarilmaktadir. Igletmecinin zeytin {reticiligiyle
ugrastign yil sayis1t 1 yil arttiginda isletmenin
etkinliginin %7.00 oraninda arttig1 belirlenmistir.
Zira. zeytin lUretimi ile ugrasan igletmeciler ne kadar
¢cok tecribeli olurlarsa tUretim teknigi ve girdi
kullanimi konusunda da o kadar bilgi birikimine sahip
olurlar. Bu durum igletmecinin tecriibesi ile bilgi
birikiminin ve igletmenin etkinliginin artmasina
neden olmaktadir.

Ailedeki Dbirey sayisinin yani potansiyel isglcl
miktarinin artmasi analiz sonuglarina gére %1 énem
seviyesinde yine etkinligi artirmaktadir. Bu sonug
beklenen bir sonugtur. Analize gore ailedeki birey
sayisinin 1 birim artmasi igletme etkinligini yaklagik
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olarak %88 oraninda artirmaktadar.

Isletmelerin CKS kayitlarinin olmasi. etkinligi %10
onem duzeyinde ve pozitif yonde etkilemektedir. CKS
kaydi olan igletmeler kaydi bulunmayan isletmelere
gore %228 oraninda yiiksek etkinlik skoruna sahiptir.
Bu durum igletme yonetiminin kanun ve
yonetmeliklere uygun olarak gergeklestirilmesinden
kaynaklanmaktadir. Bu yoniiyle skor artig1 beklenen
bir sonug olarak karsimiza ¢ikmaktadir.

Yapilan analizler 2. ve 3. tabakada bulunan
igletmelerin birinci tabakada yer alan igletmelere gore
%1 oOnem seviyesinde daha etkin olduklarim
gostermigtir. Bu da isletmelerin zeytin bahgesi
genigligi ile etkinliginin arttigi anlamina gelmektedir.
Bu durum igletmelerin zeytin bahgesi genigligi ile
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etkinliginin  arttigr. buylk isletmelerin daha
profesyonel  bir  gekilde isletme  faaliyetini
yuruttiiklerini ortaya koymaktadir.

Yiritilen arastirmada elde edilen analiz sonucuna
gore igletmenin tarimsal kooperatif tiyeligi ve tarim
dis1 gelirinin  olmas1 etkinligi negatif yonde
etkilemektedir. Sirasiyla bu degiskenler istatistiksel
olarak %5 ve %1 oraninda o6nemli bulunmustur.
Isletmelerin kooperatif ortagi olmasmin etkinligi
%214 oraninda. tarim dig1 gelire sahip olmasinin ise
%195 oraninda igletmenin etkinligini azalttigi
belirlenmigtir. Bu sonuglara gore. tarimsal kooperatife
ortak  olan isletmelerin  yeterince ortaklik
olanaklarindan  yararlanamadigini diger yandan
tarim dis1 gelire sahip olan igletmelerin ise zeytin
uretiminden ziyade tarim disindan elde ettigi gelire
giivendigi seklinde yorumlanabilir.

SONUC ve ONERILER

Bu calismada. Izmir. Aydin ve Mugla illerinde 154
zeytin ureticisiyle yapilan anket ¢alismasi sonucunda.
Bootstrap VZA yontemi kullanilarak teknik etkinlik
skorlar: elde edilmistir. Klasik VZA. rastsal hatalarin
negatif etkilerini bertaraf edememesi nedeniyle yanl
etkinlik skorlarina sahiptir. Calismada bootstrap VZA
analizi. dizeltilmis etkinlik skorlarini vermesinden
dolay1 tercih edilmigtir.

Girdi odakli VRS Bootstrap analiz sonuglarina gore
isletmelerin ortalama duzeltilmig etkinlik skoru 0.528
olarak Dbelirlenmistir. Bunun anlami diizeltilmis
etkinlik skoruna gore isletmeler ayni tiretim diizeyini
girdilerinde yaklasik %47 oraninda tasarruf yaparak
ulagabilecekleridir. Duzeltilmemis etkinlik skorlari
incelendiginde ortalama etkinlik skorunun 0.663
oldugu belirlenmis olup. ayni tretim dizeyinin
girdilerde yapilacak yaklagik %34’lik bir tasarrufla
ulagilabilecegi anlami tagimaktadir.

Ikinci asama olan Kirpilmis Regresyon analiz
sonuglarinda anlamli bulunan degiskenlerden Mugla
ili. tabaka 2 ve tabaka 3 kukla degiskenlerinin yam
sira ortaokul egitim seviyesi. lise egitim seviyesi.
tecriibe. aile birey sayisi ve CKS kayit durumu etkinlik
skorunu  pozitif  etkileyen  faktoérler olarak
bulunmustur. Mugla ili isletmelerinin Aydin ve Izmir
ili igletmelerine gore. ortaokul ve lise egitim
seviyesinin ise diger egitim seviyelerine gore etkinligi
artirdigr sonucuna varilmigtir. Ayrica. kooperatif
uyeligi ve tarim dig1 faaliyet degiskenleri de analiz
sonuglarina gére anlamli bulunan ve etkinlik skorunu
negatif etkileyen faktoérler olarak ortaya g¢ikmigtir.
Yani. kooperatif iiyesi olmayan igletmelerin iiye olan
igsletmelere goére. tarim dig1 faaliyette bulunmayan

igletmelerin i1se tarim dis1 faaliyette bulunan
igletmelere gére daha etkin oldugu sonucu
cikarilabilir.

Artan diinya nufusuyla birlikte girdi yogun tarimsal
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iiretim her gecen giin yayginlasmaktadir ( Cengil ve
Kusvuran 2012; Gokirmakli ve Bayram 2018; Sahin ve
Kiilekgi 2022). Ancak. girdi maliyetlerindeki artis. son
donemlerde girdi kullanim diizeyinin 6nemini daha
cok 6n plana cikarmaktadir. Kaynaklarin israfim
onlemek. maliyet artiglarindan daha az etkilenmek ve
en oOnemlisi; kimyasal girdi kullanimini azaltarak
gevre kirliligini en aza indirmek zeytin ireticilerinin
etkinliklerini artirarak daha az girdi kullanimiyla

mevcut Uretimi gergeklestirmeleri. hem zeytin
uretiminin surdurilebilirligini artiracaktir hem de
mevcut ¢evre kosullarimin  korunmasina katk:
saglayacaktir.

Tarim ilaglar1 ve kimyasal giibrelerin kullanim1 gida
giivenligini riske atmaktadir. Dolayisiyla. tarimsal
uretimde yogun olarak kullanilan giibre ve ilac¢ gibi
kimyasallarin. fosil yakit olan mazotun dogru
miktarlarda kullanilarak. diger bir ifadeyle aym
uretim miktari daha az kimyasal girdilerle saglanarak
gida giivenliginin artirilabilecegi dustintlmektedir.
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OZET Bu ¢alismada Tiirkiye'de ¢ekirdeksiz kuru tiziim tiretiminin
tamamimna yakiminin gerceklestirildigi Manisa, Izmir ve Denizli
illerindeki tiretici igletmelerin teknik etkinlik puanlar: belirlenmigtir.
Etkinlik hesaplamasi1 veri zarflama yontemiyle yapilmis olup 150
isletmenin 2020 hasat yilina ait verileri kullanilmigtir. Cal ve Bekilli
ilgelerindeki verimlilik farkinin nedeni metafrontier analizi
yaklagimiyla acgiklanmis ve bu bélgedeki 33 isletme Cal grubu,
digerleri Ova grubu olarak gruplandirilarak etkinlik analizleri
yapilmistir. Ova grubunun etkinlik puani (crste) ortalamasinin 0.726,
Cal grubu etkinlik puani ortalamasmin (crste) 0.815 oldugu
belirlenmigtir. Cal grubundaki verim seviyesi farkliligi tiretim
teknolojisinden kaynaklanmaktadir. Ova grubu igletmelerin
metafrontier (iist sinir) teknolojisini temsil ettikleri, Cal grubundaki
igletmelerin tretimlerini sinirlayan bir tretim teknolojisine sahip
olduklar: ve tiretebilecekleri maksimum ¢iktinin iist sinira ait tiretim
teknolojisini kullandiklarinda elde edeceklerinin %56’s1 kadar oldugu
belirlenmistir. Ova grubunda teknik etkinlige (crste) ulasan 16
isletme bir dekar tretim alaninda 591.12 kg verim almig, 132.26 TL
giibre, 408.84 TL pestisit, 6,89 erkek igglcli ve 25.5 litre mazot
kullanmistir. Cal grubunda teknik etkinlige (crste) ulasan 15 igletme
bir dekar tiretim alaninda 127.88 kg verim almig, 73.51 TL giibre,
91.90 TL pestisit, 3.71 erkek isgiici ve 16.0 1t mazot kullanmastar.

Determination of Technical Efficiency in Seedless Raisin Production

ABSTRACT In this study, technical efficiency scores of producing
enterprises in Manisa, Izmir, and Denizli provinces, where almost all
the seedless raisins are produced in Turkey, were determined.
Efficiency calculation was made with the data envelopment method
and data from 150 enterprises for the 2020 harvest year were used.
The reason for the difference in productivity in the Cal and Bekilli
districts was explained with the metafrontier analysis approach, and
efficiency analyses were carried out by grouping 33 enterprises in this
region as the Cal group and the others as Ova group. It was
determined that the average efficiency score (crste) of the Ova group
was 0.726, and the average efficiency score (crste) of the Cal group was
0.815. The reason for the difference in productivity in the Cal group is
due to the difference in production technology. It has been determined
that the enterprises in the Ova group represent the metafrontier
(upper limit) technology. The enterprises in the Cal group have a
production technology that limits their production, and the maximum
output they can produce is 56% of what they would achieve when they
use the upper-limit production technology. In the plain group, 16
enterprises that achieved technical efficiency (crste) yielded 591.12 kg
in one decare of production area, used 132.26 Turkish Liras fertilizer,
408.84 Turkish Liras pesticide, 6.89 male labor force, and 25.5 liters
of diesel oil. In the Cal group, 15 enterprises that reached technical
efficiency (crste) yielded 127.88 kg in one decare of production area,
used 73.51 Turkish Liras fertilizer, 91.90 Turkish Liras pesticide, 3.71
male labor force, and 16.0 liters of diesel oil.
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GIRIS tiziimiin tiretildigi Manisa, Denizli ve Tzmir illerindeki

Tarim ekonomisi ¢alisma ve arastirmalar: verimliligi
arttirmayr amaclar. Bu amaca ulasilmasi i¢in, belirli
bir Girtin miktarinin miimkiin olan en az girdi ile elde
edilmesi veya belirli bir miktarda girdi kullanilarak
mumkiin olan en fazla Urinin elde edilmesi yani
teknik etkinlige ulasilmasi gerekmektedir (Doll &
Orazem, 2005).

Etkinlik analizi ile ilgili c¢alismalar II. Diinya
Savagindan sonra dogrusal programlama yontemi ve
bilgisayar teknolojisi sayesinde gelisim gostermis olup
Farrell (1957) ¢calismasiyla bu konuda 6ncii olmustur.
Gintumizde etkinlik analizi ¢alismalarinda yaygin
olarak kullanilan veri zarflama ve stokastik sinir
analizi yontemleri 1970°1i yillarin sonlarinda ortaya
cikmistir (Aigner et al, 1977; Meeusen & Broeck, 1977;
Charnes ve ark. , 1978). Tiirkiye’'de tarim sektériinde
pamuk, elma, tutiin, misir gibi pek ¢ok urin igin
etkinlik analizi calismasi yapilmistir (Aktirk & Kiral,
2002; Giil, 2006; Oren & Alemdar, 2006; Kacira, 2007).
Bu ¢alismalarda yontem olarak daha ¢ok veri zarflama
analizi (VZA) kullanilmigtir (Ozden, 2017; Bayav &
Karli, 2020). Diinya genelinde VZA yénteminin
kullanildig1 bilimsel makale sayisinin 2004 yilindan
sonra Ussel bir artis gostererek 10 bini gectigl ve son
yillarda en ¢ok kullanildigir alanlarin bagsinda tarim
sektoriiniin geldigi bildirilmektedir (Emrouznejad &
Yang, 2018). Bolgesel verimlilik farklhiliklarinin ise
metafrontier analizi  yaklagimiyla  incelendigi
goriilmektedir (Chen & Song, 2008; Villano ve ark.
2010, Ozden & Di’os-Palomares, 2016; Bayav ve ark.,
2022).

Turkiye tziimiin anavatanm olarak kokli bir bageilik
gelenegine sahiptir (Giiveng, 2020). Tiirkiye'nin kuru
lizim ihracatinin neredeyse tamamini Ege Bolgesinde
uretilen ve diunyada “sultana” olarak bilinen
¢ekirdeksiz kuru tiziim olusturmaktadir. Dinyada bes
yilin ortalamasina gore yillik 1.77 milyar dolar
degerinde kuru Uzim ihracat1 yapilmakta olup
ihracatc ulkeler arasinda Turkiye, %27.9luk pay ile
ilk sirada yer almaktadir (ITC, 2021).

Turkiye'de ¢ekirdeksiz kuru tiztim ile ilgili yapilan iki
etkinlik ¢calismasinda da (Bayramoglu & Giindogmus,
2008; Atis ve ark., 2013) organik ve geleneksel tiretim

ayrimina gidilmistir. Bu c¢alismada, Turkiye'de
cekirdeksiz kuru Uizlim Uretiminin tamamina
yakininin gergeklegtirildigi bolgeler caligsma

kapsamina alinmig ve bolgesel verimlilik farkhiliginin
nedenleri metafrontier yaklagimiyla incelenmigtir.

MATERYAL ve METOD

Calismanin materyali, Turkiye’de g¢ekirdeksiz kuru
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ureticilerle yliz ylize anketler yoluyla elde edilmig
olan, 2020 yil1 Giretim yilina ait verilerdir.

Ege Bolgesi, Ege Denizine agilan genis bir cepheye
sahip olan Ege Boélumu ve i¢ kisimda kalan deniz
etkisinin olmadig1 I¢ Bat1 Anadolu Bélimi olarak iki
alt bolime ayrilmistir (Kogcman, 1993). Calismanin
yuritildiugi ilgelerden Cal ve Bekilli I¢ Bat: Anadolu
Bolumi’nde, diger ilgeler ise Ege Bolumi’'nde yer
almaktadir. Ege Bolumi’ndeki ilgelerden Kemalpasa
ve Menemen Izmir ili, Buldan Denizli ili, Sehzadeler,
Saruhanli, Ahmetli, Turgutlu, Gélmarmara, Salihli,
Alagehir ve Sarigél ilgeleri Manisa ili smirlar:
icerisinde bulunmaktadir. Cal ve Bekilli bolgesinde,
yer Dbaglarinda tretim yapilmakta olup verim
seviyeleri diger bolgelerden oldukca dustuktur.

Ornekleme Yéntemi

Orneklem sayisinin belirlenmesi i¢in ilk olarak iig
ildeki kayith tretici sayilarn I Tarmm Orman
Miudirliklerinden sorulmug ve 12590 kisinin
cekirdeksiz kuru tzium ureticisi olarak kayitli oldugu
ogrenilmigtir. Yapilacak anket sayisi Esitlik 1’de yer
alan oransal 6rnek hacmi formuli kullanilarak
(Newbold, 1995) %95 giiven aralig1 ve %8 hata pay1 icin
150 olarak belirlenmisgtir.

" Np(1-p)
N = Doy +p(1-p)
Esitlik 1’de yer alan n 6rneklem sayisini, N ana kiitle
biiyiikliigini, p tahmin oranini (en fazla érneklem

sayist icin 0.5 alinmistir), 6% varyans1 ifade
etmektedir.

€y

Anket sayilar illere paylar: oraninda dagitilmis olup
Manisa’da 96, Izmir'de 16, Denizli’de 38 adet tretici
anketi gergeklestirilmigtir.

Etkinlik Analizi

Etkinlik analizi literattiriinde bélgeler aras: verimlilik
farkliliklarinin incelenmesi icin metafrontier (iist
sinir) yaklasimi gelistirilmistir (Rao ve ark. , 2003).
Metafrontier yaklasimda etkinlik; biri girdi-gikt:
noktasindan grup sinirina olan mesafeyi 6lgen bilesen
(teknik etkinligin yaygin 6lciisii), digeri grup siniri ile
iist sinir arasindaki mesafeyi 6lcen (iiretim ortaminin
kisitlayic1 yapisini temsil eden) bilesen olarak ikiye
ayrilmaktadir. Metafrontier analizi etkinlik puaninin
grup analizi  etkinlik puanina  bdélinmesiyle
metateknoloji oran1 hesaplanmaktadir. Metateknoloji
orani bir bdélgedeki dUretim ortaminin kisitlayici
yapisini ortaya koymakta, verimliligin arttirilmasi i¢in
sulama ve arazi 1slahi gibi altyap1 yatirimlarina gerek
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olup olmadig1 konusunda politik karar vericilere yol
gosterici olabilmektedir (O’Donnell ve ark. , 2008).
Metafrontier yaklagimi baglaminda Cal ve Bekilli
ilgelerinde yer alan 33 tretici Cal grubu, diger 117
tretici Ova grubu olarak gruplandirilmigtir. Bu
gruplar i¢in ayri ayri yapilan etkinlik analizleri ile
grup analiz sonuclar1 elde edilmigtir. Biitiin
isletmelerin birlikte yer aldig1 analiz ise metafrontier
olarak adlandirilmigtir.

Ureticilerin etkinlik 6lcimii veri zarflama analizi
yontemiyle, DEAP 2.1 (Coelli, 1996) bilgisayar paket
programi kullanilarak yapilmigtir. Bu program ile
analizde yer alan igletmelere etkin birimlerin
olusturdugu tretim simirina olan uzakliklarina gore
puanlar verilmektedir. Etkin simirdaki isletmeler “1”
puanini alirken diger isletmeler “0” ile “1” arasinda
puanlar almaktadir. Analizde tretimin c¢iktis1 olarak
cekirdeksiz kuru iiziim miktar1 (kg) kullanilmistir.
Kullanilan arazi miktar: (da), kullanilan giibre degeri
(TL), kullanilan Pestisit degeri (TL), kullanilan
akaryakit (mazot) miktar (litre) ve kullanilan isgiicii
miktar1  (erkek iggiicii  birimi) girdi setini
olusturmustur. Gubre ve pestisitler digindaki girdiler
teknik birimler ile analizde yer almig, ¢ok farkl igerik
ve formda kullanmildigi goriilen giibre ve pestisitler
parasal karsihklarn alinarak toplulagtirilmistir.
Isgiicti kullanim1 ginlik sekiz saatlik ¢alismay: ifade
eden erkek isgiini (yevmiye) birimi ile kullanilmig
olup kadin is giicii 0.75 katsayisi ile carpilarak (Acil &
Demirci, 1984) erkek is glicii birimine (EIB)
cevrilmigtir.

Calismanin yiiritilmesi Ege Universitesi Fen ve
Mihendislik Bilimleri Bilimsel Arastirma ve Yayin
Etigi Kurulu'nun 01.02.2021 tarihli ve 778 protokol
numarali karariyla etik agidan uygun bulunmustur.

BULGULAR ve TARTISMA

Cekirdeksiz kuru tzim ureten isletmelerin grup ve
metafrontier analizde elde ettikleri etkinlik
puanlarinin ortalamalari Cizelge 1’de verilmigtir.
Ureticilerin élgege sabit getiri (constant return scale)

varsayimi altinda grup analizi teknik etkinlik
puanlarinin (crste) ortalamasi 0.746 iken aymi deger
metafrontier analizde 0.666 olarak hesaplanmigtir.
Olusan bu farkin neredeyse tamaminin nedeni Cal
grubunda yer alan igletmelerdir. Grup analizinde Cal
grubu igletmelerin etkinlik puani ortalamasinin 0.815
oldugu ve 15 igletmenin etkin oldugu goérilmektedir.
Metafrontier analizde ise Cal grubunun etkinlik puani
ortalamasi1 0.459 puandir ve sadece bir igletme tam
olarak etkindir. Bu durum Cal grubunda turetim
simirinin  digerlerinden farkli oldugunu, bu bélgede
uretimi simirlayan farkli bir teknoloji kullanildigini
gostermektedir.

Ureticilerin metafrontier analizden aldiklar: etkinlik
puanlarinin grup analizinden aldiklar1 puanlara
béliinmesiyle (O’Donnell ve ark. , 2008) metateknoloji
oranlar1 belirlenmis olup ortalama degerler Cizelge
1T’de verilmistir. Ova grubu igletmelerin metafrontier
teknolojisini temsil ettikleri, buna karsihk Cal
grubundaki isletmelerin sahip olduklari mevcut
teknoloji ile alacaklari maksimum c¢ikti miktarimnin,
metafrontier liretim teknolojisine sahip olsalardi elde
edeceklerinin %56’s1 kadar oldugu belirlenmigtir. Cal
yoresindeki teknolojik acigin kapatilmasi i¢in anahtar
kelime sulamadir. Bu yo6rede sulama ve fertigasyon
(sulama ile giibreleme) sayesinde daha uzun verim
gubuklarinin kullanildigi, birim alanda daha ¢ok
asmanin oldugu yiiksek sistem bag teknolojisine gecis
yapilabilecektir.

Cekirdeksiz kuru tizlim liretimi i¢in yapilan énceki iki
calismada da organik ve geleneksel tretim ayrimi
yapilmistir. Bayramoglu & Giindogmus (2008)
ortalama teknik etkinlik puanlarim (crste), organik
uretim icin 0.862 ve geleneksel tretim i¢in 0.903
olarak belirlemistir. Atis ve ark., (2013) tarafindan
yapilan diger ¢alismada bu degerlerin sirasiyla 0.410
ve 0.593 oldugu hesaplanmigtir. Bu calismada ise
organik ve geleneksel Uretim ayrimina gidilmemis
olup elde edilen Ova grubuna ait ortalama etkinlik
puan1 (0.726), énceki iki calismadan elde edilenlerin
arasinda bir degerdir.

Cizelge 1. Etkinlik analizi puanlar: (crste) ve metateknoloji oranlar:
Table 1 Efficiency analysis scores (crste) and metatechnology rates

Metafrontier analiz Ortalama En az En ¢ok Std. Sapma
Ova grubu 0.725 0.263 1.000 0.202
Cal grubu 0.459 0.201 1.000 0.172
Genel 0.666 0.201 1.000 0.224
Grup analizleri

Ova grubu 0.726 0.282 1.000 0.201
Cal grubu 0.815 0.414 1.000 0.216
Genel 0.746 0.282 1.000 0.207
Metateknoloji orani

Ova grubu 0.997 0.923 1.000 0.013
Cal grubu 0.559 0.369 1.000 0.122
Genel 0.901 0.369 1.000 0.191
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Ova grubunda tam etkinlige ulagan (crste=1) ve verim
gruplandirmasi yapilan igletmelerin girdi kullanim
degerleri Cizelge 2’de verilmigtir. Belirlenen gibre ve
pestisit degerleri enflasyon nedeniyle kisa siirede
anlamin yitirmis olup bu degerlerin temsil kabiliyeti
olan belli Uriinler cinsinden ifade edilmesi yerinde
olacaktir. Ova grubu etkin igletmeler geneli ig¢in
hesaplanan giibre kullanimi (132.26 TL da-1) 2020 yili
fiyatlariyla 66 kg da-! 15.15.15 giibresine veya 103 kg
da-! Amonyum silfat giibresine veya 50 kg da'l DAP
giibresine denk gelmektedir. Etkin igletmelerin
belirlenen ortalama giibre kullamim degeri, Ulgen ve
Yurtsever (1995) tarafindan Ege Bélgesi sulanan

baglar: geneli icin 6nerilen 11-13 kg da-! Azot (N), 8-
10 kg da-! Fosfor (P) ve Potasyum (K) degerlerine
uygundur. Etkin igletmeler geneli i¢cin hesaplanan
dekara ortalama giibre kullanimi, 60 kg 15.15.15
glbresi ile birlikte 9,5 kg Amonyum siilfat giibresine
kargilik gelmekte olup bu giibreler kullanildiginda 11
kg N ve 9ar kg P ve K verilmis olmaktadir. Pestisit
degerinin (408.84 TL da'!) karsiliginin ise 22 kg da-!
bordo bulamaci (%20 metalik bakir egdegerli) veya 46
kg da-! Kiikiirt (%80, WP) oldugu belirlenmistir. Genel
olarak, verim gruplar1 fark etmeksizin etkin
isletmelerin 400 TL da-! dolayinda pestisit
kullandiklari, glbre giderinin ise ylksek verim
gruplarinda daha fazla oldugu gérulmektedir.

Cizelge 2. Ova grubu etkin igletmelerin verim ve girdi kullanim degerleri (agirlikli ortalama)
Table 2. Ova group efficiency enterprises’ yield and input usage values (weighted averages)

Verim Grubu Isletme Verim Gubre Pestisit Mazot isgilik
(kg da-1) say1s1 (kg da'®) (TL da-1) (TL da-1) (litre da) (EIB da)
700-900 5 745.21 217.15 396.04 30.91 7.73
500-699 7 618.25 130.75 416.33 22.19 7.19
300-499 4 341.71 20.63 414.29 23.43 5.29
Genel 16 591.12 132.26 408.84 25.50 6.89

Cal grubunda yer alan 33 igletme arasindan 15
ureticinin etkin oldugu belirlenmistir. Bu treticilerin
ortalama verim degeri 127.88 kg da’l, glbre girdi
tutar1 73.51 TL da’l, pestisit girdi tutar:1 91.90 TL da'l,
mazot kullanimi 16.0 litre da! ve kullanilan igcilik
miktarinin 3.71 EIB da’? oldugu belirlenmistir.

DEAP 2.1 (Coelli, 1996) bilgisayar programinin verdigi
sonuclar arasinda her bir Ureticinin etkin olabilmesi

Cizelge 3. Israf edilen girdi oranlar1 (%)
Table 3. Rates of wasted inputs (%)

i¢in azaltmasi gereken girdi miktarlar: da bulunmakta
olup bu veriler kullanilarak girdi israf oranlari
hazirlanmistir (Cizelge 3). Genel olarak, Ova
grubunda Cal grubuna goére girdi israfinin daha g¢ok
oldugu, girdiler arasinda en fazla oransal israfin
pestisit ve giibre girdilerinde yapildig1 gérulmektedir.
Ayrica aynm ¢ikti miktarinin  %23.91 daha az arazi
kullanilarak elde edilebilecegi ortaya cikmigtar.

Gruplar Alan % Gibre % Pestisit % Mazot % Iscilik %
Ova grubu 23.83 42.91 43.12 30.07 23.13
Cal grubu 25.25 217.56 29.69 26.57 15.88
Genel 23.91 42.63 42.97 29.95 22.95
DEAP 2.1 (Coelli, 1996) bilgisayar programi ile cikt gerceklestirilmigtir. Etkinlik analizinde kullanilan

hedefleri de elde edilmektedir. Cikt1 hedefleri
potansiyel kabul edilerek gergek verim degerlerinin

hedeflenen degerlere oranlanmasiyla potansiyel
kullanim oranlari belirlenmistir (Cizelge 4). Isletmeler
genelinde ¢ikt1 potansiyelinin %79.37’s1

Cizelge 4. Verim hedefleri ve potansiyelin kullanim orani

Table 3. Yield targets and utilization ratio of potential

veriler 2020 hasat yilina ait olup bu yilin rekoltesinin
270 bin ton oldugu aciklanmigtir. Bu bilgilerinden
hareketle, tiretim alanlarinin tamaminda uygun
sartlar gerceklesir ve ¢ikti hedeflerine ulagilirsa, 340
bin ton diizeyinde yillik iiriin elde edilebilecektir.

Gruplar Gercek verim (kg da?) Hedef verim (kg da'l) Potansiyel kullanim (%)
Ova grubu 506.15 638.23 79.31
Cal grubu 101.09 118.84 85.06
Genel 483.39 609.04 79.37
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SONUC ve ONERILER

Cekirdeksiz kuru tiziim Ureticileri i¢gin gerceklestirilen
etkinlik analizi sonucunda yiksek sistem bag
teknolojisine sahip olan Ova grubu ireticilerinin
etkinlik puanlari ortalamasi 0,726 iken yer baglarinda
ve sulama yapilmadan Ureticilik yapilmakta olan Cal
grubundaki Ureticiler i¢in etkinlik puani ortalamasi
0.815 olarak belirlenmistir. Isletmeler geneli i¢in grup
etkinlik puanlarn ortalamasinin  0.746 oldugu
goriilmektedir. Bir baska deyisle cekirdeksiz kuru
tzlim Uretimindeki girdi kullanim etkinligi %74.6
diizeyinde gerceklesmistir. Ova grubunda Cal grubuna
gore girdi israfinin daha fazla oldugu ve israfin oransal
olarak daha ¢ok pestisit ve giibrede yapildig1
goriilmektedir. Cal yoresinde sulama imkanlarinin
gelistirilmesi verimliligi arttiracak olup halihazirdaki
disik kimyasal girdi kullanimi ise yorenin organik

uretim  bolgesi  olarak  degerlendirilebilecegini
disindirmektedir.
Uretim alam disindaki girdilerin etkin

kullanilmasiyla isletmelerin toplam briit karlarinda
%10 kadar artis olacagi hesaplanmigtir. Girdi israfinin
azaltilmasi, guibreleme, ilagclama ve toprak islemenin
gerektigi kadar yapilmasiyla mumkiin olacaktir. En
uygun gibreleme programinin toprak analizi ile
belirlenecegi bir gercek olmakla birlikte ¢ogu
ureticinin Onerilen giibreleme programini
uygulayabilecek temel diizeyde (giibrelerin besin
icerikleri, dozaj hesaplama vb.) yeterli bilgi ve
farkindaliga sahip olmadigi da gorilmiustir. Ayrica
topraklarin genel olarak organik madde bakimindan
fakir ve pH degerlerinin yiiksek olmasi giibrelemenin
etkinligini azaltmaktadir. Benzer durum zirai
ilaclama uygulamalar1 icin de gecerli olup tUretim
bélgeleri i¢in bag hastaliklar1 tahmin ve erken uyari
sistemlerinin yayginlagmasi, zarar esigl ve ilag¢ etki
strelerine dikkat edilmesi etkinligin saglanmasi
yonunde fayda saglayacaktir. Bu baglamda etkili ve
etkin giibreleme ve ilaglama uygulamalari konusunda
ureticilere yapilacak egitim ve yayium faaliyetleri de
onem arz etmektedir. Verim dustkliginden
kaynaklanan {Uretim alan1 israfinin  ortadan
kaldirilmasi ise yaglanan ve/veya cesitli asma odun
dokusu hastaliklar1 ile verimden diisen baglarin
nitelikli asma fidanlariyla yenilenmesi ile miimkin
olacaktir. Bu dogrultuda asma fidanmi tureticilerinin
iretim altyapilarin1 gii¢lendirecek desteklemelerle
birlikte bu ireticilere etkili bir denetimin yapilmasi
fayda saglayacaktir.

TESEKKUR

Bu makale Yuksel SAVAS1n Tarim ve Orman
Bakanlig1 Tarimsal Arastirmalar ve Politikalar Genel
Midurligi tarafindan desteklenmig olan “Cekirdeksiz
Kuru Uziim Uretiminde Etkinlik ve
Surdirilebilirligin - Belirlenmesi” adli doktora tez

caligmasindan elde edilmistir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye egit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir cikar
catigsmasi olmadigini beyan ederler.

KAYNAKLAR

Acl, F., & Demirci, R. (1984). Tarim FEkonomisi
Dersleri. Ankara Universitesi Ziraat Fakiltesi
Yayin No: 880, 372s.

Aigner, D., Lovell C.AK. & Schmidt, P. (1977).
Formulation and estimation of stochastic frontier
production  function  models. Journal  of
Econometrics &1), 21-37.

Aktiirk, D. & Kiral, T. (2002). Veri zarflama yontemi
ile tarim igletmelerinde pamuk tretim faaliyetinin
etkinliginin 6lciilmesi. Ankara Universitesi Tarim
Bilimleri Dergisi, &3), 197-203.

Atig, E., Miran, B., Bektas, Z. K., Salali, H. E., Ciftci,
K., Altindigli, A., Karabat, S., Cankurt, M., &
Bayaner, A. (2013). Tirkiyenin ihracata doniik
organik ve geleneksel kuru Ulzim Uretim
potansiyeli ve uluslararasi1 rekabet durumunun
analizi (TUBITAK TOVAG Proje No. 1100283).
TUBITAK.

Bayramoglu, Z. & Giindogmus, E. (2008). Cost
efficiency on organic farming: a comparison
between organic and conventional raisin-producing
households in Turkey. Spanish Journal of
Agricultural Research, &1), 3-11.

Charnes, A., Cooper, W. & Rhodes, E. (1978).
Measuring the effficiency of decision making units.
Furopean Journal of operetional Research, 2, 429-
444,

Chen, Z. & Song, S. (2008). Efficiency and technology
gap in China's agriculture: A regional meta-frontier
analysis. China Economic Review 142), 287-296.

Coelli T.J. (1996). A Guied to Deap Version 2.1: A Data
Envolepmend Analysis (Computer) Program, CEPA
Working Papers No: 8/96, Departman of
Econometrics University of New England.

Doll P.J. & Orazem F. (2005) Teorik ve Uygulamali
Uretim Ekonomisi, Se¢kin Yayincilik, 518s.

Emrouznejad A. & Yang G.L. (2018). A survey and
analysis of the first 40 years of scholarly literature
in DEA: 1978-2016. Socio-Economic Planning
Sciences, 61, 4-8.

Farrell, M.J. (1957) The measurement of productive
efficiency, Journal of the Royal Statistical Society,
Series A (General), 120(3), 253-290.

Giil, M. (2006). Technical efficiency of apple farming in
Turkey: A case studycovering Isparta, Karaman,
Nigde provinces, Pakistan Journal of Biological

1473



KSU Tarim ve Doga Derg 27 (6), 1469-1474, 2024
KSU J. Agric Nat 27 (6), 1469-1474, 2024

Arastirma Makalesi
Research Article

Sciences, 94), 601-605.

Giiveng, I. (2020). Kahramanmarag'ta bagciligin
mevcut durumu, potansiyeli ve geligtirilmesi.
Kahramanmaras Stit¢ii Imam Universitesi Tarim
ve Doga Dergisi, 2%3), 554-560.

ITC, (2021).International Trade Centre
statistics.  https://www.trademap.org/
Tarihi: 9.9.2022)

Kacira, O. O. (2007). Misir tiretiminde etkinlik analizi:
Sanliurfa ili é6rnegi (Tez No. 199949) [Doktora tezi,
Cukurova Universitesi Fen Bilimleri Enstitisi
Tarim Ekonomisi Anabilim Dali]. Yiiksekogretim
Kurulu Ulusal Tez Merkezi.

Kogman, A. (1993). Tiirkive Iklimi. Ege Universitesi
FEdebiyat Fakiiltesi Yayinlarr: 72.

Meeusen, W. & Broeck, J.V.D. (1977). Efficiency
estimation from cobb-douglas production functions
with composed error. International FEconomic
Review, 18, 435-444.

Newbold, P. (1995). Satatistics for Business and
FEconomics, Prentice-Hall International, New
Jersey, 867p.

O’Donnell, C. J., Rao, D.S.P. & Battese, G.E. (2008).
Metafrontier frameworks forthe study of firm-level
efficiencies and technology ratios, Empirical
Economics, 342), 231-255.

Trade
(Alinma

Oren, M.N. & Alemdar T. (2006). Technical efficiency
analysis of tobacco farming in southeastern
anatolia. Turkish Journal of Agriculture and
Foresty 30, 165-172.

Ozden A. (2017). Tirk tariminda bitkisel tretim
etkinligi: 2000 yili sonrasi arastirmalarin genel
degerlendirmesi. Tarim Ekonomisi Dergisi, 231),
101-110.

Ozden, A. & Di'os-Palomares, R. (2016). Is the olive oil
an efficient sector? A meta frontier analysis
considering the ownership structure, New Medit,
15(3), 2-9.

Rao, D.S.P., O’'Donnell, C.J., & Battese, G.E. (2003).
Metafrontier Functions for the Study of
Interregional Productivity Differences, Centre for
Efficiency and Productivity Analysis Working
Papers WP01/2003. University of Queensland.

Ulgen, N. & Yurtsever, N. (1995). Tiirkiye Giibre ve
Giibreleme Rehberi. Koy Hizmetleri Genel
Miidiirliigii Toprak ve Giibre Arastirma Enstitiisii
Miidiirliigti Yayin No-209, Ankara, 230s.

Villano, R., Boshrabadi, H. M. & Fleming, E. (2010).
When is metafrontier analysis appropriate? An
example of wvarietal differences in pistachio
production in Iran. Journal of Agricultural Science
and Technology, 12X4), 379-389.

1474



KSU Tarim ve Doga Derg 27 (6), 1475-1483, 2024
KSU J. Agric Nat 27 (6), 1475-1483, 2024
httpsi//doi.org/10.18016/ksutarimdoga.vi.1442430

o

Assessment of Key Factors Affecting Farmers' Migration Intentions Due to the Syrian Conflict

Kuteybe GANNUM!, Cuma AKBAY?“, Cevahir KAYNAKCI BAYDARS?

123Kahramanmaras Sutcu Imam University, Agricultural Faculty, Department of Agricultural Economics, Kahramanmaras, Tirkiye
thttps://orcid.org/0000-0002-2366-362X . 2https://orcid.org/0000-0001-7673-7584, , 3https://orcid.org/0000-0003-3785-5283
P<: cakbay@ksu.edu.tr

ABSTRACT
This study aims to identify the migration patterns of Syrian farmers in

Agricultural Economics

northern Aleppo and to investigate the main factors affecting their Research Article

migration patterns. In this context, the study data were obtained through : :

face-to-face surveys with a total of 210 farmers from 17 villages in three Artlc}e H1story'
administrative districts of Aleppo Governorate using a proportional Received ) 26.02.2024
sampling method. The data were analyzed using descriptive statistics Accepted - 30.05.2024
and a logistic regression model. According to the results of the study, R

education level, land size, and household income were found to decrease Syria

the tendency to migrate. On the other hand, the factors that increase the Conﬂict

tendency of farmers to migrate include being temporarily settled in the Migrati(’)n

region and having family members abroad as refugees. As the war- Migration,intentions
induced environment has reduced participation in non-agricultural work, Nerioulme ’

more farmers consider agriculture as their main source of livelihood.

Suriye Catigmasi Sebebiyle Ciftcilerin Gog Niyetlerini Etkileyen Temel Faktérlerin Degerlendirilmesi

OZET
Bu calisma, Halep'in kuzeyindeki Suriyeli cift¢ilerin goc¢ sekillerini

Tarim Ekonomisi

belirlemeyi ve go¢ etme niyetlerini etkileyen temel faktorleri arastirmay1 Aragtirma Makalesi
amaglamaktadir. Bu baglamda c¢alisma verileri Halep Valiligi'nin ug

ilgcesindeki 17 koyde toplam 210 ¢iftgi ile oransal 6rnekleme yontemi Makale Tarihgesi
kullanilarak yiiz yiize anket yoluyla elde edilmigtir. Veriler tanimlayici Gelig Tarihi  :26.02.2024
istatistikler ve lojistik regresyon modeli kullanilarak analiz edilmigtir. Kabul Tarihi :30.05.2024
Aragtirma sonuglarina gore egitim dizeyi, arazi buyukligi ve hane

gelirinin go¢ egilimini azalttiglr tespit edilmistir. Diger taraftan, Anahtar Kelimeler
ciftcilerin gég egilimini artiran faktorler arasinda bolgeye gecici olarak Suriye,

yerlesmek ve aile bireylerinin yurt disinda miulteci olarak bulunmas: yer Catisma,

almaktadir. Savasin neden oldugu ortam tarim disi iglere katilimi Goc,

azalttigindan, giderek daha fazla ¢ift¢i tarimi ana ge¢im kaynagi olarak Go¢ niyeti,

gormektedir. Tarim
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INTRODUCTION

The Syrian conflict, which started in 2011, is
considered very complex because of the diversity of
ethical and social factors that have affected the entire
situation in Syria, in addition to the multiplicity of
parties to the conflict at the local, regional, and
international levels. This complexity has made this
crisis very difficult (Hove & Mutanda, 2015; Haran,
2016; Phillips & Valbjern, 2018). Thus, the agriculture
sector has also been influenced by the circumstances of
war, leading to a decrease in the cultivated area and a
subsequent reduction in the total amount of

agricultural production (Mohammed et al., 2020).

Before the war, Syria was considered one of the few
nations that had achieved self-sufficiency in a wide
range of agricultural products, particularly major
crops such as wheat, barley, and cotton (Carnegie
Middle East Center, 2015). Significant improvements
were also made in the quality of crops and land
management through five-year plans, which formed
the basis of the directed agricultural economy. In 2010,
Syria had amassed a strategic reserve of wheat
amounting to 3.5 million tons, distributed across 140
silos. Moreover, agriculture served as the primary
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source of income for over 20% of the population before
the war, and it employed more than 17% of the
workforce (Harmoon Center, 2017). The irrigated
lands had been expanded to 1.4 million hectares by
2010 as a result of an increase in the number of dams
and irrigation canals, in addition to efforts to control
the excessive use of groundwater, especially during
drought periods, as witnessed in 2008 (SASG, 2011). In
this context, some studies illustrated that the negative
impact of climate change can be a reason for the Syrian
crisis, where many farmers from the eastern parts of
Syria have moved to other cities because of the drought
(Mohammed et al., 2020); besides the Syrian
government’s tendency toward what is called a social
market economy following price liberalization policy
(Kelley et al., 2015).

Before the outbreak of the war, the government
supported an ambitious project aimed at modernizing
irrigation. This was achieved by providing farmers
with easy loans and encouraging their participation
through extension programs sponsored by government
institutions. However, as the conflict continued for a
decade, affecting the entire Syrian territory,
particularly rural areas, the agricultural sector
suffered gradual and catastrophic destruction on
multiple fronts. This destruction included -critical
infrastructure, such as irrigation canals, roads, silos,
agricultural research centers, agricultural extension
services, and seed stores. Furthermore, the systems of
marketing and geographical communication, which
facilitated the movement of agricultural products
between production areas and major markets, were
severely damaged. Additionally, there was a gradual
and significant shortage of essential agricultural
mnputs and production requirements, including
machinery, irrigation tools, seeds, and fertilizers. The
extent of damage inflicted on the agricultural sector
was estimated to be approximately 60 percent by the
end of 2016 (FAO, 2018). However, 16 billion dollars
was estimated as a loss of the Syrian agriculture sector
between 2011 and 2016, with 7.2 billion resulting from
crop production losses (FAO, 2017). Therefore, a
significant loss of Syrian GDP happened due to the
damage witnessed in the agricultural sector, especially
in the Syrian strategic crops (Mohammed et al., 2020).
Similarly, Jaubert et al. (2014) illustrated that 70% of
the agricultural production value was lost in the
Qusair region, because of the military operations that
took place there.

The mass forced displacement of citizens from conflict
zones to safer areas poses one of the most significant
challenges facing the agricultural sector, leading to a
reduction in labour in productive areas. This migration
can be classified into two distinct categories:
international migration, which involves movement
beyond the borders of the country and leads to the
permanent loss of labour from the nation, and internal
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migration characterized by a transition from a
temporary to a semi-permanent status as a
consequence of the ongoing war (David et al., 2019;
Ahmadzai & Akbay).

Conflicts lead to direct losses in the labour force due to
death, disability, displacement from places of conflict,
or engagement in hostilities and away from
agricultural work (Azam et al., 2022). Therefore, it is
essential to identify these losses and specify the
current source of labour and its associated costs.

Wars lead to decreased crop yields. For example, wheat
production in Syria decreased by as much as 40% in
the first two years of the conflict, while Iraq saw a
reduction of over 10% in processed food production.
During Sierra Leone's civil war in the 1990s, livestock
losses reached 70%, while palm oil and rice production
declined by over 25% (FAO, 2018). Comparing crop
productivity before the war with the time of this study
will provide insight into the war's impact on the
productivity of essential crops in the study area.

Climate change and drought have exacerbated the
conflict's impact on the local population, with water
resources often becoming a focal point of the conflict
(OCHA, 2021). Conflicts lead to increased production
costs due to input scarcity and difficulty in
procurement. Additionally, inadequate funding and
low returns result in reduced agricultural investment
(Arias et al., 2014).

Migration from the Middle East is divided into three
types; regular labour migration, forced migration, and
mixed migration (IOM, 2015). In the case of Syria,
migration can be considered to follow the second and
third modes. At the beginning of the war years, it was
characterized by the second pattern — forced migration
resulting from the violence of military operations. This
is supported by an equal distribution of Syrian
migrants across gender and age groups. However, even
with a relative decrease in conflict intensity,
emigration continued due to the devastating economic
impact of the war and the absence of hope for economic
recovery. Consequently, it shifted to the third type of
mixed migration (IOM, 2019). Understanding the
determinants of forced migration is a fundamental
prerequisite for formulating appropriate policies for
prevention, assistance, and resettlement (Engel &
Ibanez, 2007). As long as the war continues, it can be
predicted that people of Syrian origin will continue to
migrate to other countries.

Statistical data obtained from the 2020 Report of the
United Nations High Commissioner for Refugees
(UNHCR) reveal that roughly 6.7 million individuals
undertook internal migration within the country, with
approximately 20% of this demographic located in the
Euphrates Shield (UNHCR, 2021). Moreover, Syria
has been the main country of origin for refugees since
2014. At the end of 2019, there were 6.6 million Syrian
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refugees hosted by 126 countries worldwide. The
majority of those who migrated (83%) stayed in
neighboring countries or the region. In this context,
Turkiye continues to host the largest number of Syrian
refugees (3.6 million), followed by Lebanon, Jordan,
Iraq and Egypt (UNHCR, 2024). Many studies have
been conducted internationally on the willingness to
migrate (Ibdnez & Velez, 2008; Bohra-Mishra &
Massey, 2011; Verwimp & Maystadt, 2015; Bertoli &
Ruyssen, 2018; Sav & Sayin, 2018; Balcilar & Nugent,
2019; Aslany et al., 2021; Alrababah et al., 2023; Ruhe et
al., 2023; Walk et al., 2023). However, there are limited
studies on the willingness to migrate of farmers living
in rural areas and negatively affected by the war
(Czaika & Kis-Katos, 2009). Therefore, this research
aims to investigate the key determinants shaping the
migration intentions of farmers in northern Aleppo,
who are contemplating emigration from Syria. The
study offers precise insights into the impact of the
Syrian conflict on agricultural practices in northern
Aleppo while elucidating the factors that drive
farmers' decisions to migrate. Doing so aims to
contribute to a deeper understanding of the complex
interplay between conflict, agriculture, and migration
dynamics in the region.

MATERIAL and METHOD
The Study Areas

The northern Aleppo region was selected due to its
current security stability and ease of movement for
data collection. This part of the Aleppo Governorate
includes three regions: Jarabulus, Azaz, and Al-Bab
(Table 1). It is considered one of the crucial agricultural
areas in Syria, as a portion of it lies along the banks of
the Euphrates River, boasting several major irrigation
projects. Before the war, it was considered one of the
most important areas for the production of Syria's two
strategic crops: wheat and cotton (SASG, 2011). A
significant portion of the population was engaged in
rural occupations. Currently, this area continues
agricultural production, albeit with changes in the
types of crops, sources of agricultural inputs,
production quantities, and working conditions.

This region is connected to Tirkiye through efficient
commercial border crossings, with Turkiye serving as
a vital lifeline for this area. The study area shares
similarities with most Syrian agricultural regions
regarding its exposure to the direct and indirect effects
of the conflict. Therefore, the research results can be
considered relatively representative of the situation in
other regions. The geographical location of the region,
serving as a gateway for goods, commodities, and
production elements coming from Turkiye to Syria,
also acts as a route for Syrian travelers to access
international destinations via Turkish airports.
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Study Design and Data

The study data were collected through the proportional
sampling method. In this method, the studied
community was divided according to the
administrative regions in the province, and the data
was gathered from three specific administrative
regions within the province of Aleppo: Al-Bab, Azaz,
and Jarablus. These areas currently enjoy security
stability and have experienced a gradual improvement
in services, reminiscent of their pre-war conditions.
They still serve as significant agricultural production
areas profoundly affected by the war. Additionally,
several international organizations and independent
entities operate within these regions (Maharramov,
2022). By using the proportional sampling method
(with a 5.5% margin of error and 90% confidence
interval), a total of 210 questionnaire forms were
collected from 13 wvillages across the three
administrative regions of Aleppo province, as detailed
in Table 1. Data collection via the questionnaire took
place between February 1, 2021, and March 3, 2021.

Simultaneously, they attract refugees and serve as
corridors for refugees crossing into Tirkiye to settle
there or continue to other destinations. These
administrative regions differ from one another in
terms of cultivated areas and available water sources.
The data were collected through personal interviews
with farmers using a questionnaire prepared according
to the research objectives. The questionnaire was
divided into several sections, each containing
questions relevant to the respective section's focus.

Data analysis

The descriptive analysis approach was followed in the
study. Regardless of the level of education, closed-
ended or multiple-choice questions were asked to the
subjects for ease of data collection and to shorten the
time to complete the data required for the research
without grumbling. To analyze whether surveyed
individuals would like to immigrate to another
country, we used the following question: 'l' represents
the desire to migrate outside the country, and zero
otherwise. In data analysis, the binary logistic
regression model was employed due to the nature of
the data and the binary type of the dependent factor.
This research is grounded in the following hypothesis:
being a temporarily settled person significantly
impacts one's desire to emigrate from the country. The
logistic regression equation takes the following form
(Draper & Smith, 1981; Agir and Akbay,

2018):Prob(y = 1) = 2 = f(xB)
odds (Exp B) = L

1-P
Loge(g) =Bo+ ZFBi X;
i=1,2,

1+eXB
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In the equation, p is a desire to emigrate, q=(1-p) is an
unwillingness to emigrate, f (x8) is the standard

logistics distribution function, Log e(S) or Ln(s) is the

Logit transformation, X; is the explanatory variables
such as age, gender, education, income, farm size,
conflict, labour status, and & are coefficients of
corresponding variables as explained in Table 4. The
odds ratio (Exp B) shows how many times (relatively) a

Table 1. Distribution of the sample according to regions
Cizelge 1. Isletmelerin béolgelere gore dagilimi

unit increase in this variable increases the probability
of migration of a business for a single explanatory
variable if all other variables are kept constant.
According to migration research, there are a variety of
socioeconomic and demographic individual and farm-
level variables that influence migration such as age,
gender, education, income, farm size, conflict, labour
status, etc (Migali & Scipioni, 2019; Aslany et al., 2021;
Ruhe et al., 2023).

District Village Frequency Per cent
Gandora 16 7.6
Jarablus Jamel 16 7.6
Al jamel 15 7.1
Jarablus markez 15 7.1
Al-Bab 17 8.1
Bzaha 15 7.1
Al rahi 15 7.1
Al-Bab Kabaseen 17 8.1
Tadef 15 7.1
Azaz 18 8.6
Ahtareen 17 8.1
Azaz Mareh 17 8.1
Dabek 17 8.1

Total 210 100.0

RESULTS and DISCUSSION the government implemented an agricultural plan,

According to the survey results, all farmers in the
region were male and married, with an average age of
46.8 years. Among these farmers, 44.8% had completed
primary or middle school, 36.7% had finished high
school, and 19.1% held university degrees. The average
household size was 6.5. All analyzed respondents were
individuals engaged in farming. They were asked
about their birthplaces and whether they originated
from the regions where they currently reside. The
results indicated that 83.8% of farmers were originally
from the region (natives).

Before the war, this area was among the regions where

specifically targeting wheat and cotton crops. The plan
aimed to support farmers by providing improved seeds,
affordable fertilizers, guidance from agricultural
extension services, and, importantly, purchasing these
crops from farmers at an annually fixed price.

During the study period, there was a significant
diversification in the cultivated crops. Apart from
continuing to cultivate the crops they had grown before
the war, farmers’ reasons for selecting cultivated crops
had changed from their previous motivations. Their
responses were ranked in order of importance, as
shown in Table 2.

Table 2. Reasons for choosing cultivated crops due to their importance
Cizelge 2. Segilen itirtinlerin onem diizeylerine gore se¢cilme nedenleri

Reasons for choosing the type of crop Frequency Percentage
According to market requirements and expected return 103 49,05
Because of my accumulated experience in these crops 44 20,95
Because of the scarcity of water, its low requirements for water 32 15,24
Because of the comparatively low cost of seeds and service 23 10,95
I grow the same crops according to the previous government's plan 8 3,81
Total 210 100,00

The reasons for farmers’ choosing crop types include
market demand and expected financial returns,
capitalizing on accumulated expertise in growing
particular crops, prioritizing crops with low water
requirements due to water scarcity, preference for
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crops with relatively cheap seeds and services, and
adhering to the crop selection outlined in the
agricultural plan that guided the previous government
agricultural policies.

Table 3 presents results indicating a significant
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reduction in the number of individuals engaged in
alternative employment outside of farming. Before the
war, the non-agricultural labour force participation
rate stood at a robust 62%. However, in the aftermath
of the war, this figure took a substantial hit,
plummeting to 38%. Consequently, there is a rise in
the number of individuals relying on agriculture as
their sole source of income compared to the pre-war
period. This suggests that the war has likely disrupted
other economic activities, leading more people to rely
on agriculture for their livelihoods. The interruption of
irrigation canals and the control of dams by hostile
forces have resulted in a significant decline in farmers'
ability to access irrigation water. This limitation has
severely impacted crop yields and agricultural
productivity, exacerbating food insecurity in affected
regions. Additionally, the results reveal that there has
been a serious decrease in the number of people
satisfied with the sales prices of agricultural products
compared to the pre-war period. This illustrates the
economic strain and market disruptions faced by
farmers, possibly due to decreased demand or other
market dynamics affected by the war. Table 4 provides
summary statistics and a complete description of the
variables used in the logistic regression model. The
means are presented with standard deviations.
According to the table, 61.4% of farmers desire to migrate
outside the country.

Table 5 displays the results of binary logistic
regression. The Chi-square value of 72.989 indicates
that the model is a significant fit for the data at a p-
value of 0.00. Finally, the results suggest that there
are no issues of multicollinearity among the predictor
variables in the model. Therefore, the absence of

multicollinearity ensures the reliability of the model.
The logistic regression model's accuracy of 0.781
indicates that the model correctly predicts the outcome
for approximately 78.1% of the observations in the
dataset. Notably, the regression coefficients for ten
variables were found to be statistically significant, as
presented in Table 5.

The results show that individuals originally from the
region are less likely to migrate out of the country than
farmers localized to the study area from other regions
for different reasons and at different times. Natives
have approximately 83 percent lower odds of wishing
to migrate than later settlers to the region.
Consequently, they believe that migrating abroad
might offer a more economically viable and expeditious
path to rebuilding their lives. This observation aligns
with the findings of the IOM (2015), which identified a
higher percentage of individuals wishing to emigrate
abroad among Palestinians residing in refugee camps
compared to those living outside the camps.

An intriguing observation is the inverse relationship
between educational level and the intensity of the
desire to emigrate. This result appears to be at odds
with the findings of David et al. (2019), who reported
that in Egypt, the inclination to emigrate increased as
educational levels rose. This increase was primarily
attributed to the high unemployment rate among
university and institute graduates in Egypt. However,
the Syrian context presents a different scenario, where
mass displacements from various regions have led to
an increase in unemployment rates among individuals
with low levels of education, especially those working
in the agricultural sector.

Table 3. Comparison of some inputs with the pre-war period
Cizelge 3. Bazi girdilerin savas oncesi doénemle karsilastirilmasi

Before the

war

At the time of the study

No Yes No Yes P-value
Having a job (other than farming)* 76 134 130 80 0,042
Obtaining agricultural loans 56 154 90 120 0,371
Modern irrigation finance 44 166 207 3 0,492
Easy access to irrigation water* 82 128 144 66 0,038
Difficulty in getting inputs 182 28 77 133 0,298
the cost of the inputs (expensive) 127 83 35 175 0,547
Satisfaction with the sale price* 144 66 188 22 0,028
Auvailability of labor 167 43 155 55 0,351

*! statistically important at a=0.05 level.

The research results reveal a noteworthy trend: the
greater the number of first-degree immigrant relatives
a person has, the stronger their desire to immigrate.
This observation can be attributed to immigrants'
expectations of receiving support and guidance from
their relatives when embarking on their new lives in a
foreign society. Additionally, these individuals may
develop a more informed and positive perception of the
new society through their immigrant relatives. This
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finding corroborates the observations made by Khater
(2001), who noticed a higher percentage of individuals
aspiring to travel in societies with a substantial
number of overseas immigrants, as evidenced in
Lebanon.

The size of the farm emerged as a statistically
significant factor, albeit in a negative manner. It was
observed that an increase in the size of the farm
correlated with a decrease in the desire to emigrate
outside the country. This trend could be attributed to
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an increase in income associated with larger farms and
the subsequent increase in agricultural activities. This
result is similar to the study of Aslany et al. (2021)
showing that farms with large land areas have a low
willingness to migrate. The income factor further
substantiates  this relationship, which also

Table 4. Description of the variables included in the model

demonstrated statistical significance in a negative
direction. Specifically, as income levels rise, the desire
to emigrate diminishes. This observation suggests that
individuals with higher incomes may be less inclined
to seek opportunities abroad.

Cizelge 4. Modeldeki degiskenlerle ilgili tanimlayici 1statistikler

. . . Standard
Variables Variable description Mean deviation
c?tissli?et?hgn::%ﬁrssry Wants to immigrate =1; otherwise =0 0.614 0.487
Later settlers Originally from the region (Natives) =L B_eing originally displaced 0823 0381

from another area (Later settlers to the region =0
Agel Younger than 40 years = 1; Otherwise = 0 0.323 0.469
Age2 Between 40 and 55 years = 1; Otherwise = 0 0.481 0.500
Age3 Older than 55 years = 1; Otherwise =0 0.195 0.397
Edul Elementary or Middle School graduate =1; Otherwise = 0 0.447 0.498
Edu2 Secondary or high school graduate =1; Otherwise =0 0.357 0.480
Edu3 University and above=1; Otherwise = 0 0.195 0.397
Ware injury Injury to self or family member in war =1; Otherwise = 0 0.176 0.381

- . Difficulty continuing the same work or economic activity he was

Difficulty working practising before the war =1; Otherwise =0 0.571 0.496
Immigrants The presence of one or some family members outside the country and 0.557 0.497

the desire to be reunited with them =1; Otherwise =0 ' '
Obtaining assistance (_)b.taining rggul_ar assistance from organizations operating in the area 0.390 0.489

=1; Otherwise =0
Farm size 1 Small farms (<26 decare) = 1; 0 otherwise 0.304 0.461
Farm size 2 Middle farms (26 -50 decare) = 1; 0 otherwise 0.371 0.483
Farm size 3 Big farms (51-100 decare) = 1; 0 otherwise 0.252 0.435
Farm size 4 Very big farms (>100 decare) = 1; O otherwise 0.071 0.258
Income 1 Low income (<$100) = 1; 0 otherwise 0.681 0.467
Income 2 Medium income ($101-$200) = 1; O otherwise 0.238 0.426
Income 3 High income (>$200) = 1; 0 otherwise 0.081 0.273

Table 5. Coefficient estimates of the logit model for analysis of the Factors affecting farmers' desire to migrate

outside the country

Cizelge 6. C(ifteilerin tilke disina go¢ etme istekliligini etkileyen faktorlerin analizi i¢in logit modeli katsayi

tahminleri

Variables Coefficient Std. Error P-value Exp(B)
Constant*** 1,911 0,560 0,001 6,759
Later settlers*** -1,746 0,625 0,005 0,175
Age2 0,182 0,402 0,650 1,200
Age3 -0,215 0,543 0,693 0,807
Edu2** -0,799 0,403 0,047 0,450
Edu3*** -1,526 0,511 0,003 0,217
War injury* 0,982 0,549 0,074 2,670
Difficulty working 0,145 0,355 0,683 1,156
The presence of immigrants in the family*** 1,047 0,370 0,005 2,850
Obtaining assistance -0,432 0,374 0,249 0,649
FarmSize2* -0,774 0,469 0,099 0,461
FarmSize3*** -1,379 0,512 0,007 0,252
FarmSize4*** -2,556 0,736 0,001 0,078
Income2*** -1,835 0,417 0,000 0,160
Income3** -1,572 0,617 0,011 0,208
Overall Percentage: 0,781;  Nagelkerker R? : 0,399;  The Chi-square value: 72,989; P-value: 0,000

*, ** *** indicate that the coefficient is statistically significant at the 10%, 5% and 1% level.
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Higher-income levels often provide individuals with
greater financial stability, access to better education,
healthcare, and overall quality of life. Additionally, by
providing advancement opportunities within their
home country, it reduces the perceived need to relocate
and potentially strengthens one's ties to their place of
residence. This finding aligns with the outcomes of
numerous studies, such as those by Justino (2011),
Bertoli & Ruyssen (2018), Migali & Scipionii (2019),
Aslany et al. (2021), and OCHA (2021), which
consistently linked a heightened willingness to
immigrate with lower income levels.

Conflicts in the region can often directly or indirectly
affect the entire population living in the conflict-
affected region. Therefore, wars and conflicts often
threaten all age groups. However, model results show
that age does not affect willingness to migrate.

RESULTS and RECOMMENDATIONS

Studying the effects of war, such as the protracted
Syrian conflict, which endured for many years and
continues to this day with relative calm in most
regions, demands an extensive body of research and
numerous studies to comprehensively monitor these
effects. The paramount importance of this study lies in
its specific focus on a particular geographic area, the
results of which can be extrapolated to other regions
due to their analogous circumstances. With the current
stability in northern Aleppo, the agricultural sector
has initiated its recovery. However, it is of utmost
importance to delve into the repercussions of the
prolonged years of warfare on specific agricultural
activities and practices. This study will enable the
development of sound policies that can actively support
the revival of this sector.

Furthermore, this study has investigated the root
causes that push farmers to migrate from their home
countries. Additionally, it examines the long-term
consequences on the nation itself and its neighboring
countries, particularly those striving to create secure
conditions for the safe return of Syrian refugees to
their homeland. The research findings unveil a
substantial increase in the prices of agricultural
inputs, coupled with the difficulties in sourcing them.
As a result, local authorities must prioritize the task of
securing these essential supplies at reasonable prices
and maintaining the desired quality standards. This is
particularly significant in light of the possibility of
importing supplies through the open Turkish borders.
The study identifies a discernible decline in the market
prices of agricultural products, which do not align with
the elevated production costs. This discordance is a
result of deficiencies in the marketing process and the
exploitation of certain traders. Therefore, it becomes
imperative for the responsible authorities to regulate
local markets and procure essential crops, such as
wheat and cotton, from farmers at prices that are on
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par with those in the neighboring Turkish market.
The study also underscores the decrease in farmers'
access to irrigation water, a challenge that extends
beyond mere drought-related issues. Consequently,
authorities must actively seek and implement
solutions to address the problems associated with
suspended irrigation canals. They should also
facilitate the establishment of new wells and secure
affordable fuel prices, given the increased reliance on
pump-based irrigation systems. Moreover, it is crucial
to support farmers by guiding them towards adopting
state-of-the-art irrigation technologies. This can be
achieved by ensuring that the necessary components
are readily available at competitive prices, offering
accessible loans, and fostering their adoption through
comprehensive agricultural extension campaigns.
Regarding the desire to migrate from the country once
the security situation stabilizes, the study discerns
that improving income levels, enhancing the work
environment, providing consistent support for farmers,
raising the educational levels of both farmers and their
families, and assisting originally displaced individuals
in the region all contribute significantly to reducing
their inclination to seek migration opportunities
abroad.
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OZET Makale Konusu

Bu ¢alismanin amaci, Ankara ili kent merkezindeki memur tiiketicilerin

ar1 Uriinleri tiiketiminde biling diizeyini ortaya koymak, satin alma ve Aragtirma Makalesi
tiketme sikliklarini ve ar1 urlnleri satin almada 6nem verdikleri

konular:1 belirlemektir. Arastirmada ¢érnek hacmi “Ana kitle Oranlarina Makale Tarihgesi

Dayali Basit Tesadifi Olasiik Orneklemesi” yontemi ile belirlenmis ve Gelig Tarithi  :03.03.2024
300 tiiketici ile yliz yuze gorugtulmistir. Tiketicilerin satin alma siklig: Kabul Tarihi :23.06.2024
en yiiksek balda bulunmustur (4.15). Tiiketicilerin ar1 siitii satin alma

sikligi bal mumunda ortalama 1.13 ve ari zehrinde ise 1.05tir. Bal Anahtar Kelimeler
disindaki diger ar1 iirtinlerinde satin alma ve tiiketim sikliginin diisuk Ankara ili

oldugu belirlenmigstir. Tiiketicilerin bluyiik ¢ogunlugu ari trunlerinin Tuketici

saglikli ve besleyici tirunler oldugunu distinmektedir. Tiketiciler ari Ar1 Grunleri
urunlerini satin alirken marka ve ambalaj konusuna 6nem vermektedir. Marka

Markali urtnler tiketiciler acisindan givenli tUrunler olarak Ambalaj

bilinmektedir. Bali satin alirken %97.6 oraninda cam kavanozda almayzi,
%63.3 oraninda ise markali almay1 tercih etmektedirler. Tuketicilerin
gelir diizeyi arttikga satin aldiklari yerler farkhilagsmaktadir. Calisma
sonucunda tiiketicilerin ar1 Uriinleri hakkinda bilgi sahibi olduklari
ancak bal digindaki diger ari urinlerinde satin alma ve tiiketim
sikliginin artmasi i¢in Urunlerin saghklh ve faydali trinler oldugu
konusunda tanitimlarin artmasi gerektigi, fiyatlarin daha makul
diizeyde olugsmas1 ile tiiketim miktarlarinin artacagr sonucuna
varilmigtir.

Consumption of Bee Products and Consumption Preferences of Civil Servant Consumers in
Ankara Province

ABSTRACT Article Subject
This study aims to reveal the awareness level of civil servant consumers
in the city center of Ankara regarding the consumption of honeybee Research Article
products, to determine their purchasing and consumption frequency, and . .
the issues they attach importance to in purchasing honeybee products. In Artlc.le History -
the research, the sample volume was determined by the "Simple Random Received
Probability Sampling Based on Main Population Proportions" method Accepted
and 300 consumers were interviewed face-to-face. The highest Ke d

. . ywords
purchasing frequency of consumers was found in honey (4.15). The Al e
average frequency of consumers purchasing royal jelly is 1.13 for beeswax Consumer

and 1.05 for honeybee venom. It has been determined that the frequency e prod s
of purchase and consumption of other honeybee products other than Brand

honey is low. The majority of consumers think that bee products are
healthy and nutritious. Consumers attach importance to brand and
packaging when purchasing honeybee products. Branded products are
known to be safe for consumers. When purchasing honey, they prefer to
buy it in glass jars 97.6% of the time and branded products 63.3% of the
time. As the income levels of consumers increase, the purchasing places
differ. As a result of the study, it was concluded that consumers are
knowledgeable about honeybee products, but in order to increase the
frequency of purchase and consumption of honeybee products other than
honey, promotions of the products as healthy and beneficial products
should be increased, and consumption amounts will increase as prices

Packaging
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become more reasonable.

Ataf Sekli: Tapki, N., Demirci, S (2024). Ankara Ilinde Memur Tiketicilerin Ar1 Uriinleri Tiiketimi ve Tiiketim
Tercihleri, KSU Tarim ve Doga Derg 27 (6), 1484-1494. DOI: 10.18016/ksutarimdoga.vi.1446463.
To Cite : Tapki, N., Demirci, S (2024). Consumption of Bee Products and Consumption Preferences of Civil Servant
Consumers in Ankara Province. KSU J. Agric Nat 27(6), 1484-1494. DOI: 10.18016/ksutarimdoga.vi.1446463
GIRIS yilinda aricihik yapan isletme sayisi 100.399, yeni

Aricilik; az bir sermaye ile topraga bagli olmadan
yapilabilen, kisa silirede gelir getiren, farkli an
urinleri saglayan ve diinyada 6nemi giderek artan bir
tarimsal ugrasi alanidir. Ar1 tirtinleri ekolojik denge ve
beslenme acisindan énemlidir (Giirel &Géostert, 2004;
Tunca ve ark. 2015; Niyaz & Demirbag, 2017).
Arilarin  bitki tozlagsmasini saglayan gorevleri
sayesinde, evrende bircok tur surdirilebilirligini
saglamaktadir (Korkmaz, 2003; Engindeniz ve ark.,
2014; Niyaz & Demirbas, 2017). Aricilik faaliyeti ile
bal, polen, propolis, ar1 stuti, ar1 zehri, bal mumu gibi
ar1 riinleri de elde edilmektedir (Kumova & Korkmaz,
2001; Boliiktepe & Yilmaz, 2008; Niyaz & Demirbas,
2017). An friinleri insan saghgl acisindan oldukca
6nemli Urunlerdir. Ari Urinlerinden biri olan bal
ozellikle kahvaltilarimizda sik¢a tlkettigimiz Dbir
tiriindiir. Icerisinde karbonhidrat, mineral, vitamin,
organik  asit, enzim ve fenolik bilegikler
bulunmaktadir (Mutlu ve ark., 2017; Saral & Yilmaz
Yavuz, 2020). Bal yara iyilesmesi ve iilser tedavisinde
kullamilmaktadir (Saral & Yilmaz Yavuz, 2020).
Iceriginde polen, protein, karbohidrat, lipid, vitamin
ve mineral bulunmaktadir (Campos ve ark., 2003;
Saral & Yilmaz Yavuz, 2020). Propolisin iceriginde
recine, bal mumu, ucucu yag bulunmaktadir. Kanserli
hiicrelerin gelisimine engel oldugu ve karaciger
hasarini engelledigi belirtilmistir (Inoue ve ark., 2008;
Saral ve ark., 2016; Saral ve Yilmaz Yavuz ,2020). Ar1
stitiinin 1iceriginde protein, seker, lipid vitamin,
serbest amino asitler ve biyoaktif bilesenler
bulunmaktadir (Zong & Wu, 2014; Saral & Yilmaz
Yavuz, 2020 ). Ar1 zehiri apamin, mellitin, fosfolipaz
A2 gibi bilesenlerden olugsmaktadir. Romatoid artirit,
MS (Multiple Sclerosis), ve kanser gibi hastaliklarin
tedavisinde kullanilmaktadir (Son ve ark., 2007; Saral
& Yilmaz Yavuz, 2020). Bal mumu yiiksek oranda
alkali esterler, serbest yag asitleri ve hidrokarbonlar
icermektedir (Dogaroglu, 2008; Saral & Yilmaz Yavuz,
2020 ). Yaralari, iltihab1 ve yaniklar iyilestirmede
etkili oldugu bildirilmistir (Fratini ve ark., 2016; Saral
& Yilmaz Yavuz, 2020).

Diinya’da kovan sayis1 2021 yilinda bir 6nceki yila gére
%2,2 oraninda artarak 102 milyon olmustur. 2021 yili
verilerine goére, dlinya toplam kovan sayisinda
Hindistan %12,6'lik pay ile ilk sirada yer alirken, Cin
%9,1 pay ile ikinci sirada, Tirkiye %8.6 pay ile tiglinct
sirada yer almaktadir. Toplam kovan sayilar1 2021
yilinda bir 6nceki yila oranla Hindistan’da %2,1,
Cin’de %0,3 ve Turkiye’de ise %6,8 oraninda artmigtir
(TEPGE, 2023). TUIK, 2024 yihi verilerine gére 2023
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kovan sayis1 8.969.387, lretilen bal miktar1 114.886
ton olarak belirlenmigtir. 2019 yili itibariyle kisi
bagina bal tiiketimi 1.25 kg ve kisi bagina bal tiretimi
ise 1.31 kg olarak bulunmustur. Uretimin tiketimi
karsilama orani %94.96'dir (Sengiil, 2020; Onu¢ &
Saner 2022).

Bir ¢ok diinya tilkesinde toplum bilinci hem tretici
hemde tuketici agisindan olugsmustur. Turkiye'de
yiiksek bir tiretim potansiyeli mevcuttur ancak yeterli
biling olmamasi ekonomik kayba sebep olmaktadir
(Kumova & Korkmaz, 1998; Samanci & Sunay, 2011;
Denizli Akdemir & Dagdemir, 2021 ). Ar1 iriinleri
tiuketiminde bircok faktor etkili olmaktadir. Tutum,
algilama, secim yapabilme, inan¢ ve deger yargilari
tuketicilerin ar1 trtinleri tercihlerini etkilemektedir
(Kavas, 1987; Denizli Akdemir & Dagdemir, 2021).
Ancak ar1 ar1 Urtinleri tiiketim tercihlerine yonelik
yapilan c¢alismalarda  o6zellikle bal uzerinde
yogunlasilmistir (Merdan & Durmus, 2018; Denizli
Akdemir & Dagdemir, 2021).

Turkiye Dinya’da aricilik ve bal tiretimi bakimindan
ilk siralarda olmasina ragmen; polen, propolis ve ari
sttt Uretim ve tiketim siralamasi bakimindan alt
siralarda yer almaktadir (Saral, 2013; Denizli
Akdemir & Dagdemir, 2021). Ar tirtinleri tiiketimi ile
ilgili calismalar literatiirde yer almaktadir (Murphy ve
ark., 2000; Gambaro ve ark., 2007; Niyaz & Demirbas,
2017; Marangoz & Taycu Dolu, 2019; Aytop ve ark.,
2019; Karahan & Ozmen Ozbakir.,2020; Saral &
Yilmaz Yavuz, 2020 ; Sahinler ve ark.,2021; Denizli
Akdemir & Dagdemir 2021; Onug¢ & Saner, 2022;
Giindal & Agayeva, 2022; Yiizbasioglu, 2022). Ancak
Literatiirde Ankara ilinde ar1 Urlinleri tiketimi ile
ilgili c¢alismaya rastlanmamigtir. Bu c¢alisma ile
Ankara ilinde memurlara yonelik olarak ar1 trtnleri
tiuketiminde biling diizeyini ortaya koymak,
tiketicilerin ar1 Urlinleri satin alma ve tiiketme
sikliklarini belirlemek, ar1 Girtinleri satin almada 6nem
verdikleri konular ve bazi demografik ve ekonomik
ozellikler arasindaki iligkileri ve ari1 irtinleri satin
aldiklar1 yer tercihini belirlemek, ambalaj ve markal
trin kullaniminda taleplerini ortaya koymak
amaglanmigtir.

MATERYAL
Materyal

Aragtirmanin ana materyalini Ankara ili kentsel
alanda yagsayan ve memur olan tiiketicilerden anket
yontemi ile elde edilen birincil veriler olusturmustur.
Calismada kullanilan anket formlari ari urtnleri
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tiketimine yonelik olarak daha o6nce yapilmig
calismalar incelenerek (Niyaz & Demirbas, 2017;
Marangoz & Taycu Dolu, 2019; Karahan & Ozmen
Ozbakir.,2020; Saral & Yilmaz Yavuz, 2020 ; Sahinler
ve ark.,2021; Denizli Akdemir & Dagdemir 2021; Onug
& Saner, 2022; Giindal & Agayeva, 2022; Yuzbasioglu,
2022) ve arastirmacilarca gelistirilerek hazirlanmigtir.
Ayrica arastirmada ikincil verilerden de
yararlanilmigtir.

Metotlar

Aragtirma verileri 2022 yilinda elde edilmistir. Ornek
hacmi “Anakitle Oranlarina Dayali Basit Tesadufi
Olasiik Orneklemesi” yontemi ile belirlenmistir
(Malhotra, 2004).
n= z2 (p.q)/d2

n: Ornek buyiikliga
z: 1,64 (%90 giiven diizeyine karsilik gelen standart z
degeri),

p: incelenen konuyla ilgili 6n bilgi ya da tahmine dayal
olarak belirli bir 6zellige sahip ana kitle oram (0.5
olarak belirlenmistir).

q: (1-p) Tlgili 6zellige sahip olmayan ana kitle oran

d: Kabul edilen hata tolerans diizeyi +%5 olarak kabul
edilmigtir.

®

Calismada %90 giiven araligr ve %5 hata payina gore
ornek hacmi 278 olarak hesaplanmigtir. Anket sayisi
300’e tamamlanmigtir. Verilerin analizinde SPSS 22
paket programi  kullamilmistir. Likert d&lgegi
kullamilarak ari1 trinleri tiketimi ilgili sorulara
cevaplar aranmistir. Verilerin degerlendirilmesinde
oransal dagilim ve frekans tablolari, ¢capraz tablolar
kullanmilmigs, Mann Whitney U, Kruskal-Wallis H
testleri yapilmigtir.

Bu caligma icin etik onay ve izin HMKU Sosyal ve
Begeri Bilimler Arastirmalari Etik Kurulu'ndan
alinmigtir. Toplant1 tarihi 07.04.2023, toplant1 sayisi
02, karar no: 31,sayfa no: 5/6

BULGULAR ve TARTISMA

Arastirma kapsaminda olan tlketicilerin baz
demografik ve ekonomik o6zellikleri Cizelge 1’de
verilmistir. Tuketicilerin %50’sinin kadin %50’sinin
ise erkeklerden olustugu belirlenmigtir. Denizli
Akdemir & Dagdemir (2021), Erzurum ilinde
yaptiklar1 calismada tiketicilerin %44.25'inin erkek,
%55.75'1inin kadin oldugunu belirlemiglerdir. Onug¢ &
Saner (2022), Izmir ilinde yaptiklar1 c¢alismada
ogrencilerin  %52.901mmin  kiz, %47.10'unun erkek
oldugunu, Sayil1 (2012), Tokat ilinde yaptig1 calismada

tiketicilerin  %78,31'inin  erkek ve %21,69'unun
kadinlardan  olustugunu,  Yiizbasioglu  (2022)
calismasinda tuketicilerin %49,63'uniin  erkek,

%50.37’sinin kadin oldugunu belirlemistir.

Aragtirmada tiketiciler yaglarina goére 3 gruba
ayrilmigtir. Birinci grup tiiketiciler 0-30 yas, ikinci
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grup tiketiciler 31-50 yag ve li¢liinci grup tiketiciler
ise 50 yas ve tizerindedir. 0-30 yas grubu %19.3, 31-50
yas grubu %59.3, 50 ve lzeri yas grubu ise %21.4
oransal paya sahiptir. Incelenen tiiketicilerin aileleri
%59.7 oraninda 1-3 kigiden olusurken, %40.3 oraninda
ise 4-6 kigiden olugsmaktadir. Tiketicilerin %3.3’0
ilk6gretim, %22.7si lise %18.3i yiiksekokul ve
%55.7’s1 ise Uiniversite mezunlarindan olugsmaktadir.
Marangoz & Tayca Dolu (2019) Tiirkiye’de yaptiklar:
calismada incelenen tiiketicilerin, ilkokul mezunu 4
kisi, ilk6gretim mezunu 11, lise mezunu 32, 6n lisans
mezunu 45, lisans mezunu 103 kisi ve lisansiisti
mezunu olarak da 113 kisiden olustugunu, Sayih
(2013), yilinda Tokat ilinde yaptigr arastirmada
tuketicilerin %8.09'unun doktora, %7.72’sinin yiiksek
lisans, %34.92’sinin Universite, %9.56’s1min ilkokul ve
%6.62’sinin  ortaokul, %33.09unun lise mezunu
oldugunu, Niyaz & Demirbas (2017) Canakkale ilinde
yaptiklar1 calismada tiketicilerin %2.3"intun okur-
yazar %24'Untun 1lk6égretim, % 35.4Uinun lise,
%36.6'sinin  Uiniversite, %1.7'sinin de yiiksek lisans
mezunu oldugunu, Sahinler ve ark. (2021), Usak
ilinde yaptiklari calismada tiiketicilerin %50’sinin
Universite mezunu, %16’sinin lise, %8inin ortaokul,
%10’unun ilkokul mezunu oldugunu belirtmiglerdir.

Incelenen tiiketicilere Ankara’da ikamet ettikleri siire
sorulmustur. Tiketicilerin %15.3’4 0-5 yildir, %27.3 4
6-15 yildir, %24.34 16-30 yildir, %33t ise 30 ve daha
fazla yildir ikamet ettiklerini séylemistir. Tiiketiciler
gelirlerine gore li¢ gruba ayrilmigtir. Birinci grup 10
000 TL’ye kadar gelirleri olanlar olup, %46.3 oransal
paya sahiptir. Ikinei grup 11 000 TL ile 20 000 TL
arasinda geliri olanlardir. Bu gruptaki tiiketicilerin
oran1 %46.7'dir. Uctincii gelir grubu 21 000 TL ve tizeri
olup bu grup tiketicilerin oran1 %7’dir. Tuketiciler
aylik gida harcamalarina gore 3 gruba ayrilmis olup 0-
5000 TL gida harcamasi yapanlarin oram %77.3, 5
001-10 000 TL gida harcamasi yapanlarin orani %21.4,
10 001 TL’den fazla yapanlarin orani ise %1.3’tlr.
Tuketicilerin  ar1  Urunlerine yaptiklari  yilhik
harcamalar gruplara ayrilmistir. 1 000 TL’ye kadar
harcama yapanlarin orani %71.7, 1 001-5 000 TL
harcama yapanlarin oranmi %26.3, 5000 TL ve tizeri
harcama yapanlarin orani ise %2 olarak belirlenmistir
(Cizelge 1).

Aragtirma kapsaminda olan tiiketicilerin bazi
demografik ve ekonomik o6zellikleri Cizelge 1’de
verilmigtir. Tiketicilerin %50’sinin kadin %50’sinin
ise erkeklerden olustugu belirlenmistir. Denizli
Akdemir & Dagdemir (2021), Erzurum ilinde
yaptiklar calismada tiiketicilerin %44.25'inin erkek,
%55.75'1nin kadin oldugunu belirlemiglerdir. Onug¢ &
Saner (2022), Izmir ilinde yaptiklar1 c¢alismada
ogrencilerin  %52.90min  kiz, %47.10unun erkek
oldugunu, Sayil1 (2012), Tokat ilinde yaptig1 calismada
tuketicilerin  %78,31'inin erkek ve %21,69'unun
kadinlardan  olustugunu,  Yiizbasioglu  (2022)
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calismasinda tuketicilerin %49,63'unlin  erkek,

%50.37’sinin kadin oldugunu belirlemistir.

Aragtirmada tiketiciler yaglarina goére 3 gruba
ayrilmigtir. Birinci grup tiiketiciler 0-30 yas, ikinci
grup tiketiciler 31-50 yas ve ti¢unci grup tiuketiciler
ise 50 yas ve tzerindedir. 0-30 yas grubu %19.3, 31-50
yas grubu %59.3, 50 ve lzeri yas grubu ise %21.4
oransal paya sahiptir. Incelenen tiiketicilerin aileleri
%59.7 oraninda 1-3 kisiden olusurken, %40.3 oraninda
ise 4-6 kigiden olugsmaktadir. Tuketicilerin %3.3’4
ilk6gretim, %22.7si lise %18.3i yiksekokul ve
%55.7’s1 ise Universite mezunlarindan olugsmaktadir.
Marangoz & Tayca Dolu (2019) Tiirkiye’de yaptiklar:
calismada incelenen tiliketicilerin, ilkokul mezunu 4
kisi, ilk6gretim mezunu 11, lise mezunu 32, 6n lisans
mezunu 45, lisans mezunu 103 kisi ve lisanststi
mezunu olarak da 113 kisiden olustugunu, Sayili
(2013), yilinda Tokat ilinde yaptig1 arastirmada
tiuketicilerin %8.09unun doktora, %7.72’sinin yuksek
lisans, %34.92’sinin universite, %9.56’sinin ilkokul ve
%6.62’sinin  ortaokul, %33.09unun lise mezunu
oldugunu, Niyaz & Demirbas (2017) Canakkale ilinde
yaptiklar1 calismada tiketicilerin %2.3"inun okur-
yazar %24Untun 1lkégretim, % 35.4Uinun lise,
%36.6'sinin  Universite, %1.7'sinin de yiiksek lisans

mezunu oldugunu, Sahinler ve ark. (2021), Usak
ilinde yaptiklari calismada tiiketicilerin %50’sinin
Universite mezunu, %16’simin lise, %81nin ortaokul,
%10’unun ilkokul mezunu oldugunu belirtmiglerdir.

Incelenen tiiketicilere Ankara’da ikamet ettikleri siire
sorulmustur. Tiketicilerin %15.3’a 0-5 yildir, %27.3G
6-15 yildir, %24.34 16-30 yildir, %33t ise 30 ve daha
fazla yildir ikamet ettiklerini séylemigtir. Tiiketiciler
gelirlerine gore li¢ gruba ayrilmigtir. Birinci grup 10
000 TL’ye kadar gelirleri olanlar olup, %46.3 oransal
paya sahiptir. Tkinci grup 11 000 TL ile 20 000 TL
arasinda geliri olanlardir. Bu gruptaki tiiketicilerin
oran1 %46.7’dir. Ugiincii gelir grubu 21 000 TL ve tizeri
olup bu grup tiketicilerin oram1 %7’dir. Tuketiciler
aylik gida harcamalarina gére 3 gruba ayrilmig olup 0O-
5000 TL gida harcamasi yapanlarin oranmi %77.3, 5
001-10 000 TL gida harcamasi yapanlarin orani %21.4,
10 001 TL’den fazla yapanlarin orani ise %1.3’tlr.
Tuketicilerin  ar1  Urunlerine yaptiklari  yilhik
harcamalar gruplara ayrilmistir. 1 000 TL’ye kadar
harcama yapanlarin orani %71.7, 1 001-5 000 TL
harcama yapanlarin orani %26.3, 5000 TL ve uzeri
harcama yapanlarin orani ise %2 olarak belirlenmistir
(Cizelge 1).

Cizelge 1.Tuketicilerin demografik ve ekonomik 6zellikleri
Table 1. Demographic and economic characteristics of consumers

Ozellikler Ozellikler
Say1i % Say1 %
Cinsiyet Erkek 150 50 Egitim Diizeyi Ik. Ogr. 10 3.3
Lise 68 22.7
Kadin 150 50 Yiksekokul 55 18.3
Universite 167 55.7
Yas Gruplar: 30< 58 19.3 Ankara’da ikamet 0-5 46 15.3
31-50 178 59.3 edilen yil 6-15 82 27.3
50-+ 64 21.4 16-30 73 24.3
30-+ 99 33.0
Aile Buytukligu 1-3 179 59.7 Aylik gelir 0-10 000TL 139 46.3
gruplari 10 001-20 000 TL. 140 46.7
4-6 121 40.3 20 001-+ 21 7.0
T-+
Aylik Gida 0-5 000 232 77.3 Yallik ar1 Girtin 0-1 000 215 71.7
harcamasi harcamalar:
5001- 64 21.4 1 001-5 000 79 26.3
10 000
10 001-+ 4 1.3 5001-+ 6 2.0
Tiiketicilerin Ar1 Uriinlerinden Haberdar Olma olma durumu bal i¢in ortalama 4.73 olarak
Durumlan bulunmustur. Propolisin tiiketicilerce bilinirligi

Tiketicilerin ar1  Urlinlerinden haberdar olup
olmadiklarin1 belirlemek amaciyla likert o6lgegi
kullanilarak sorular yoneltilmistir. Cizelge 2’ye gére
tiketicilerin baz1 ar1 trinlerinden bilgi sahibi olma
orani daha yiliksek iken bazilarinda bilgi sahibi olma
orani daha dugliktir. Ar1 triinlerinden bilgi sahibi

ortalama 4.22, polenin 4.25, ar1 sitinin 3.78,
balmumunun 3.50, ar1 zehrinin ise 2.19'dur (Cizelge 2).
Buradan ¢ikaracagimiz sonug tiiketicilerin Ankara’da
ar1 Uriinleri konusunda biling diizeylerinin disik
olmadigini, ancak daha ¢ok  artabilecegini
gostermektedir. Marangoz & Taycu Dolu (2019),
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tiketicilerin ar1 urinlerinden haberdar
durumlarinm1 petek bal i¢in 4,34, stizme bal i¢in 4,25,
polen i¢in 3,88, ar1 zehri i¢in 2,52, balmumu i¢in 3.36,
ar1 sutd 1i¢in 3.42, propolis

Cizelge 2. Tiiketicilerin ari tirtinlerinden haberdar olm
Table 2. Consumers’' awareness of bee products

olma

belirlemiglerdir. Yapilan calisma ve arastirmamiz
sonuclar kiyaslandiginda triinlerden haberdar olma
ortalamalari yakin bulunmustur.

icin 3.04 olarak

a durumlari

An Kesinlikle Bilmiyor Kararsiz Biliyor Kesinlikle Ort.  St.
Uriinleri bilmiyor (1) 2 (3 4 biliyor (5) hata
Say1  Oran Sayr  Oran Sayr Oran Say1  Oran Sayir Oran
Bal - - - - - - 77 25.6 223 74.4  4.73 0.028
Propolis 21 7.0 14 4.7 15 5.0 79 26.3 171 57.0 4.22 0.068
Polen 17 5.7 11 3.7 18 6.0 87 29.0 167 55.6  4.25 0.064
Ar Sutua 36 12.0 33 11.0 28 9.3 67 22.3 136 45.4  3.78 0.082
Balmumu 52 17.3 49 16.3 19 6.3 58 19.3 122 40.7  3.50 0.090
Ar1 Zehri 97 32.3 100 33.3 20 6.7 24 8.0 59 19.7  2.19 0.086
Not:1:Kesinlikle bilmiyor 2:Bilmiyor 3:Kararsiz 4:Biliyor 5:Kesinlikle biliyor

Tiiketicilerin Ar1 Uriinleri Satin Alma Sikliklar

Incelenen tiiketicilere ar1 iriinleri satin alma
sikliklar1 likert 6lgegi kullanilarak sorulmustur. Ari
trinlerinden en bilineni ve hepimizin vazgecilmez
besin kaynagi olan bal tiketiciler arasinda en g¢ok
satin alinan ar1 Urana olarak goéze carpmaktadir.
Tiiketicilerin 13 tanesi (%4.3) bali hic almadigini ifade
etmigtir. Tuketiciler arasinda ti¢ ayda bir kullanilma
durumu en yiiksek oranda bulunmustur (%27.7),
Tuketiciler bali %26.3 oraninda ayda bir, %15.3
oraninda ise 6 ayda bir kullanmaktadir. Yilda bir bal
satin aliyorum diyen tiketicilerin orani ise %23 olarak

Cizelge 3.Tiuketicilerin ar1 Grtinleri satin alma siklig1

hesaplanmigtir. Cizelge 3’e gore tiiketicilerin en fazla
satin aldig1 ar1 iiriind bal olurken (4.15), en az alinan
ar1 iriini ise ar1 zehri (1.05) ve balmumu (1.13)
olmustur. Bal 13 (%4.3) tiiketici tarafindan hig
alinmazken, propolis 162 (%54), polen 192 (%64), ar
stitii 228 (%76), balmumu 285 (%95), ar1 zehri ise 298
(99.3) tiiketici tarafindan hi¢ alinmamaktadir (Cizelge
3). Tiiketicilerin ar1 iriinlerinden haberdar olma
durumlarinin yiksek oldugu belirlenmig ancak, satin
alma sikliginin daha duasik oranlarda oldugu
gorilmustir. Bu durumun en énemli sebebinin trin
fiyatlarinin yiiksek olmasindan kaynaklandig: yapilan
goriismeler sirasinda belirlenmigtir.

Table 3. Frequency of purchase of bee products by consumers

An ~ Higalmam 15 glinde Ayda bir 3ayda bir 6 ayda bir Yilda Bir Ort. St.
Uriinleri (1) bir (2) ®) ) 5) ©) hata
Say1r Oran Say1 Oran Say1 Oran Sayi1 Oran Say1 Oran Sayi1 Oran

Bal 13 4.3 10 3.3. 79 26.3 83 27.7 46 15.3 69 23.0 4.15 0.078
Propolis 162  54.0 0 0.0 0 0.0 0 0.0 0 0.0 138  46.0 2.54 0.124
Polen 192 64.0 0.0 0 0.0 0 0.0 29 9.7 79 26.3 234 0.114
Anr 228 76.0 0.0 3 1.0 6 2.0 14 4.7 49 16.3 1.44 0.132
Satu
Balmu 285 95.0 0 0.0 0 0.0 0 0.0 5 1.7 10 3.3 1.13 0.028
mu
Anr 298 99.3 0 0.0 0 0.0 0 0.0 0 0.0 2 0.7 1.05 0.059
Zehri

1 Hi¢ almam 2:yilda bir  3° 6 ayda bir 4:Ug ayda bir 5:Ayda bir 6:15 giinde bir

Tiiketicilerin Ar1 Uriinii Tiiketme Sikliklar:

Arastirma kapsamindaki tlketiciler ari1 trinlerini
tiketme  sikliklarni  bakimindan  incelenmigtir.
Tuketicilerin %4.31 higbir zaman bal
tiikketmediklerini belirtmistir. 124 (%41.3) tiiketici ara
sira bal tikettiklerini, 89 (%29.7) tiiketici sik sik
tikettiklerini, 74 tiketici (%24.7) her zaman

tukettiklerini belirtmigtir. Propolis tiiketimi 138
(%46) tiiketici tarafindan ara sira yapilmaktadir
(%46). Sik sik tiiketirim ve her zaman tiiketirim diyen
tuketici bulunmamaktadir. Ar1 sita 72 tuketici
tarafindan (%24) ara sira tiiketilmektedir. Balmumu
15 (%5) tiiketici tarafindan ara sira, ar1 zehri ise 2
(%0.7) tiiketici tarafindan ara sira tiiketilmektedir. Ar1
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urina tiketme sikligr ortalamasi en yiiksek balda
goriiliirken (3.35), en az tiikketim sikhigi ise ar1 zehri
(1.01) ve balmumunda goriilmektedir (1.01). Satin
alma sikliginda oldugu gibi tiiketim sikligi da bal
disindaki diger triinlerde olduk¢a diisiik diizeylerde
bulunmustur (Cizelge 4). Onu¢ & Saner (2022) yilinda
Ege ftniversitesi o6grencilerine yonelik yaptiklar:
calismada c¢icek balini her gin tiketenlerin oranini

Cizelge 4. Tiiketicilerin ar1 tirtinii tiiketim sikligi

Table 4. Consumers' frequency of bee product consumption

%5.53, hig tiikketmeyenlerin oranini %40.00, petek bali
her gin tlketenlerin oranimi  %1.84, hig
tiuketmeyenlerin oranimi %46.32, organik bali her giin
tiuketenlerin oranini %3.42, hi¢ tiiketmeyenlerin
oranini %63.95, propolisi her giin tiiketenlerin oranini
%1.05, ar1 stitlini her giin tiikketenlerin oranini %0.79
olarak belirlemiglerdir.

Ar1 Hicbir zaman (1) Arasira (2) Siksik (3) Her zaman (4)  Ort. St. hata
Uriinleri Say1 Oran  Say Oran Say1 Oran Say1 Oran

Bal 13 4.3 124 41.3 89 29.7 74 247  3.35  0.050
Propolis 162 54.0 138 46.0 0 0.0 0 0.0 1.62 0.044
Polen 192 64.0 108 36.0 0 0.0 0 0.0 1.52 0.033
Arn Suta 228 76.0 72 24.0 0 0.0 0 0.0 1.28 0.043
Balmumu 285 95.0 15 5.0 0 0.0 0 0.0 1.05 0.005
Ar Zehri 298 99.3 2 0.7 0 0.0. 0 0.0 1.01 0.015

1:Highir zaman 2‘Arasira 3:Siksik 4:Herzaman

Tiiketicilerin Ar1 Uriinii Satin Alirken Dikkat

Ettikleri Konular

Tiiketicilerin ar1 tirtinleri satin alirken dikkat ettikleri
hususlarin neler oldugu incelenmistir. Buna goére
tiiketiciler icin iiriiniin son kullanma tarihinin (5),
ireten firmanin (5), koruyucu madde icermemesinin
(5), tat ve aromasinin (5) cok énemli oldugu, fiyat (4),
marka (4), ambalajli olmasinin (4), cok talep edilen bir
iriin olmasimmin (4), gramajinin (4) 6nemli oldugu,
reklamlarin  ise hi¢ oOnemli olmadigi sonucu
cikmaktadir (1). Giirer & Akyol (2018), Nigde ilinde
yaptiklar1 calismada tliketicilerin bal satin alirken
kalite (4.69), tazelik (4.65), renk (4.55), koyuluk (4.59),
icerdigi katki maddesi (4.59), giivenilirlik (4.73)
konularina dikkat ettiklerini ifade etmislerdir. Denizli
Akdemir & Dagdemir (2021) Erzurum ilinde yaptiklar:
calismada, Tuketicilerin ari urinleri satin alirken
diriniin  kalitesine (4.75), tadina (4.69), saghk
acisindan giivenilirligine (4.66), katki maddesi icerip
icermedigine (4.62) ve iiretim yapan firma adi ve
markasina (3.60) énem verdiklerini belirtmislerdir.
Bal ve ar1 trtinleri satin alirken en az reklamlarin
etkili oldugunu tespit etmislerdir (2.68).

Tiketicilerin baz1 demografik ve ekonomik &zellikleri
ile ar1 Urind satin alirken dikkat ettikleri konular
arasinda iligki olup olmadigini belirlemek i¢in yapilan
istatistiki analizlerde, cinsiyet ile son kullanma tarihi
(p=0.019) ve iireten firma (p=0.020), koruyucu madde
icermeme durumu (p=0.039) arasinda anlamh bir iligki
oldugu belirlenmis olup, kadin tiliketicilerin urin
tercihinde son kullanma tarihi, treten firma ve
koruyucu madde icermeme konularina daha ¢ok
hassasiyet gosterdikleri belirlenmistir. Yas grubu ile
satin alirken dikkat edilen konular arasinda ise fiyat
(p=0.022) ve freten firma arasinda (p=0.030)
istatistiki agidan anlamli bir iligki bulunmustur.
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Tuketicilerin yaslari ile dogru orantili olarak, trin
fiyat1 ve uretici firmaya daha c¢ok 6nem verdikleri
gorilmektedir. Tiketicilerin aylik gelirleri ile Uriin
satin alirken dikkat edilen konular arasinda fiyat
(p=0.035), son kullanma tarihi (p=0.045), cok talep
gormesi (p=0.001), gramaji (p=0.048) arasindaki iliski
anlamli bulunmustur. Geliri artan tiiketiciler fiyati
daha az dikkate alirken, ¢ok talep goren bir trin
olmasi ve urin gramaji konusunda gelir yluksekligi
daha etkili olmaktadir. Tuketicilerin ayhik gida
harcamalar:1 ile urin satin alirken dikkat ettikleri
konular arasindaki istatistiki iligkiye bakildiginda ise
cok talep gormesi (p=0.009), gramaji (p=0.063)
arasinda anlaml bir iligki oldugu belirlenmig ve aylik
gida harcamasi arttikca ¢ok talep géren tiriin tercihi ve
iiriiniin gramaji etkili olmustur (Cizelge 5).

Tiiketicilerin Ar1 Uriinleri Hakkindaki Diigiinceleri

Tiketicilerin ari Girtinleri konusundaki distinceleri 5’11
likert  Olgegi  kullamilarak  belirlenmigtir. An
trinlerinin saglik i¢in faydali olduguna tiiketicilerin
%67.7 si kesinlikle katiliyorum cevabimi vermiglerdir
(4.63), Kesinlikle katilmiyorum cevabi ise sadece 2
tiiketici tarafindan verilmistir (%0.7). Tiiketicilerin
biiylik bir b6élimiinde ar1 Griinlerinin saglikli diriinler
oldugu diislincesinin etkili oldugunu vurgulayabiliriz.
Ar trinlerinin gvenli Giriinler olduguna tiiketicilerin
%45.31  kesinlikle katilmaktadir (4.14). An
Urtinlerinin  kolay erigilebilir {rlnler olduguna
tuketicilerin %40.7’s1i katilmakta ve %22.7’si kesinlikle
katilmaktadir. Tim cevaplarin ortalamasina gore
katiliyorum diisiincesi hakimdir (3.50). Tiiketiciler ar1
tUrtnlerinin ucuz triinler olduklarina %46.3 oraninda
katilmamaktadir. Tiketicilerin ar1 triinlerinin ucuz
urlnler olduguna katilma ortalamas1 disik
bulunmustur (1.90) (Cizelge 6).
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Cizelge 5. Tuketicilerin ar1 Grlnleri satin alirken dikkat ettikleri konular
Table 6. Issues that consumers pay attention to when purchasing bee products

Unsurlar mod Cinsiyet * Yag grubu** Aylik gelir grubu**  Ayhik Gida
(K/E) (30< Sig. Har ** Sig.
Sig. 31-50 (0-10.000 (0-5.000
50-+) 10.001-20.000 5.001-10.000
Sig. 20.001-+) 10.001-+)
Fiyat 4 0.087 0.022 0.035 0.687
Markasi 4 0.835 0.241 0.317 0.727
Ambalajli olmasi 4 0.284 0.794 0.692 0.708
Son kullanma tarihi 5 0.019 0.602 0.045 0.804
Ureten firma 5 0.020 0.030 0.492 0.687
Cok talep gormesi 4 0.950 0.426 0.001 0.009
Organik olmasi 5 0.062 0.527 0.146 0.795
Koruyucu madde igermemesi 5 0.039 0.210 0.452 0.270
Tat ve aromasi 5 0.726 0.754 0.540 0.896
Reklamlar 1 0.694 0.352 0.297 0.186
Gramaj1 4 0.506 0.358 0.048 0.063

1°Higonemli degil 2:Onemli degil 3:Kararsiz 4:Onemli 5:Cok Onemli, *Mann Whitney U **Kruskal Wallis H

Cizelge 6. Tuketicilerin ar1 trinleri konusundaki digtinceleri

Table 6. Consumers’' opinions on bee products

Unsurlar Kesinlikle Katilmiyorum  Fikrim yok  Katiliyorum Kesinlikle Ort St.

katilmiyorum katiliyorum Error
Say1 Oran Say1  Oran Say1  Oran Say1 Oran Say1 Oran

Ar Urtnleri saglik igin 2 0.7 3 1.0 2 0.7 90 30.0 203 67.7 4.63 0.036

faydalidir

Ar1 urtinleri giivenilir 5 1.7 25 8.3 30 10.0 104 34.7 136 45.3 4.14  0.058

urtnlerdir

Ar Urtinlerine kolay 24 8.0 60 20.0 26 8.7 122 40.7 68 22.7 3,50 0.073

erigilir

Ar Uriinleri ucuzdur 108 36.0 139 46.3 31 10.3 18 6.0 4 1.3 1.90 0.052

Ar Urtinleri her zaman 12 4.0 54 18.0 30 10.0 123 41.0 81 27.0 3.65 0.068

tiketilebilen trtnlerdir

Fazla tiketimi sagliga 15 5.0 18 6.0 58 19.3 130 43.3 79 26.3 3.80 0.061

zararl olabilir

1:Kesinlikle katilmiyorum 2:Katilmiyorum 3-Fikrim yok 4-

Tiiketicilerin Ar1 Uriinii Titketme Sebepleri

Incelenen tiiketicilere ar1 iiriinlerini tiikketme sebebi
birden fazla se¢enek hakk:i taninarak sorulmustur.
Verilen cevaplarin %381 bagisikliga faydali oldugu
icin, %29.3'0 sevdigim i¢in, %20.6’s1 besleyici oldugu
icin, %12.1'i hastaliklara karsi korudugu ig¢indir.
Verilen cevaplar dikkatli incelendiginde tiiketici

Cizelge 7. Tiketicilerin ar1 Grtnleri tiketme sebebi
Table 7. Reason for consumers to consume bee products

Katiliyorum 6 Kesinlikle katiliyorum

zihninde ar1 Uriinlerinin lezzet ve aromasinin yaninda
insan saghg icin faydali Uriinler oldugu, bir¢ok
hastaliga iyi geldigi ve ayni zamanda besleyici oldugu
yerlegsmistir. Bu Dbilincin daha genis kitlelerde
olugsmasi ve yayginlasmasi tirinlerin daha iyi tanitimi
(6zellikle bal disindaki diger ar1 iiriinlerinin) ile
miimkiin olacaktir (Cizelge 7).

Say1 %
Bagisikliga faydali oldugu igin 292 97.3
Sevdigim igin 225 75.0
Besleyici oldugu igin 158 52.7
Hastaliklara karsi korudugu i¢in 93 31.0
Toplam 768

Not: Birden fazla secenek hakki verilmisgtir.

Tuketicilerin Ambalaj Tercihleri
Incelenen tiiketicilere ari iirtinlerini satin alirken
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tercih ettikleri ambalaj sorulmustur. Tiketicilerin
biytk bir b6limi ar1 Grinlerini cam kavanozla satin
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almay1 tercih etmektedir. Bali cam kavanozda satin
almay1 tercih edenlerin orani %97.6’dir. Ambalaj
tercihinde cam kullanilmasi tiuketici biling diizeyinin
arttigin1  géstermektedir. Ambalaj olarak camin
kullanilabilecegi iiriinlerde tiiketici tercihi genellikle
cam ambalajdan yana olmaktadir. Uriinlerin daha
uzun slre korunmasi, buzdolabinda saklanmasi, kiglik
olarak bekletilmesi gibi durumlarda ¢ok yaygin olarak
tercih  edilmektedir. Tiketiciler cam ambalaj
kullanimini daha saglikli bulmaktadir. Tiiketiciler bal
alirken %1.3 oraninda teneke kutulari, %0.7 oraninda
plastik kaplar1 ve %0.3 oraninda ise poseti tercih
etmektedir. Tiketiciler propolis satin alirken cam
kavonozu %42.3 oraninda, polen satin alirken %29
oraninda, ar1 st satin alirken %24 oraninda,

balmumu satin alirken %5 oraninda, ar1 zehri satin
alirken %0.7 oraninda tercih etmektedir. Propolis
satin alirken plastik kap %3.3, polen alirken %6.3,
oraninda tercih edilirken ar1 suti, balmumu ve ari
zehri aliminda tercih edilmemektedir (Cizelge 8).
Aydurmus ve ark. (2022) Bal tiiketimi ve bilin¢ diizeyi
isimli ¢aligmalarinda bal satin alirken cam ambalaj
tercih edenlerin oranini %87, teneke ambalaj tercih
edenlerin oran1 %8, plastik ambalaj tercih edenlerin
oranini %1, diger ambalaj tiirlerini tercih edenlerin
oranini ise %4 olarak bulmuslardir. Girer & Akyol
(2018), Nigde ilinde yaptiklar: calismada, tiiketicilerin
%64,3’untin  cam  kavanoz, %21’'inin teneke,
%12,2’sinin ¢ita ve %2,4’uUnun ise plastik ambalajda
bal satin almayi tercih ettiklerini ortaya koymuslardir.

Cizelge 8. Tuketicilerin ar1 triina satin alirken ambalaj tercihleri
Table 8. Consumers’' packaging preferences when purchasing bee products

Ar1 Uriinleri Cam Kavonoz Plastik kap Teneke kutu Poget Tiketim
yok

Say1 Oran Say1 Oran Say1 Oran Say1 Oran Say1 Oran
Bal 293 97.6 2 0.7 4 1.3 1 0.3 13 4.3
Propolis 127 42.3 10 3.3 1 0.3 0 0.0 162 54.0
Polen 87 29.0 19 6.3 2 0.7 0 0.0 192 64.0
Arn Suti 72 24.0 0 0.0 0 0.0 0 0.0 228 76.0
Balmumu 15 5.0 0 0.0 0 0.0 0 0.0 285 95.0
Ar1 Zehri 2 0.7 0 0.0 0 0.0 0 0.0 298 99.3

Tiiketicilerin Marka Tercihleri

Marka tercihi giintimiizde ge¢cmis yillara kiyasla
onemli oranda artmistir. Glnimiuzde tlketiciler
kaliteli, taninmis, glivenilir markalar tercih ederken,
markadan dolayr olusan fiyat farklihgimi goéz ard:
edebilmektedir. Teknolojik gelismeler, tutundurma
faaliyetlerinin modern pazarlama anlayig: ile giderek
yayginlagsmasi ve tiikketicilerin bilin¢ diizeyindeki artis,
saglikli yasam arzusu gibi bircok nedenden dolay:
markali driinlere talep artmigtir. Urettigimi
satarimdan ziyade satis c¢abalarinin ve miusteri
memnuniyetinin ne kadar énemli oldugunu fark eden

Cizelge 9. Tiiketicilerin ar lirlinii satin alirken marka tercihi

isletmeler turetimde kalite, miisteri arzu ve istekleri
dogrultusunda hareket etmektedir. Markali Grtinlere
olan talebin artigi, ureticileri daha dikkatli bir tretim
planlamasina itmektedir. Cizelge 9'da tiuketicilerin ari
urtnleri tercihinde markali trinleri tercih etme
durumlar1 verilmigtir. Tiketicilerin %63.3'0  bali
markali tercih ettiklerini belirtmistir. %27.7’si fark
etmez derken, %9u ise markasiz tercih ettiklerini
belirtmistir. Marka tercihinin diger ari1 Uriinleri satin
alirken daha dugsiik oldugu goze carpmaktadir.
Propoliste marka tercihi %33, polende %24.3, ar1
stitiinde %20, balmumunda %5, ar1 zehrinde ise
%0.7’dir.

Table 9. Consumers' brand preference when purchasing bee products

Art Uriinleri Markali Markasiz Farketmez Tiiketim
yok

Sayi Oran Sayi Oran Sayi Oran Say1 Oran
Bal 190 63.3 27 9.00 83 27.7 13 4.3
Propolis 99 33.0 10 3.33 29 9.6 162 54.0
Polen 73 24.3 0 0.0 35 11.7 192 64.0
An Siiti 60 20.0 0 0.0 12 4.0 228 76.0
Balmumu 15 5.0 0 0.0 0 0.0 285 95.0
Ar1 Zehri 2 0.7 0 0.0 0 0.0 298 99.3

Tiketicilerin gelir gruplarina gére ayrimi Cizelge 1’de
verilmistir. 2022 yilinda asgari iicret net olarak 5.500
TL'dir. Arastirma kapsamindaki tiketicilerin biiyik
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bir bolimi asgari lcretten yliksek gelir diizeyine
sahiptir. Buna gore birinci gelir grubunda 139, ikinci
gelir grubunda 140, tiglinci gelir grubunda ise 21 kigi
bulunmaktadir. Birinci gelir grubunda %43.2 oraninda
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marketler, %5 oraninda pazar, %7.2 oraninda aligveris
merkezleri, %5.8 oraninda internet, %38.8 oraninda
ise aricilar tercih edilmektedir. Ikinci gelir grubunda
dikkati ¢ceken nokta %50 oraninda aricilarin tercih
edilmesidir. Ikinci gelir grubundaki tiiketiciler
trinleri yerinden ve dogrudan iiretim noktasindan
almay1 tercih etmektedir. Ikinci gelir grubunda
aricilara olan giivenin diger satis merkezlerinden daha
fazla oldugu gérilmistir. Uglinct ve en yiiksek gelir
grubunda ise birinci ve ikinci gelir grubundan daha
farkli bir sonug ortaya ¢ikmig ve tiriin tercihinde %38.1
oraninda aligveris merkezleri tercih edilmigtir. Bunun
sebebi olarak gelir yuksekligi ve markali Uriinlere
ulasimin daha kolay olmas1 gosterilebilir (Cizelge 10).

Girer & Akyol (2018), Nigde ilinde yaptiklar
calismada Tuketicilerin bal satin alirken ilk sirada
iireticileri, (%36,01), ikinci sirada tanidiklar: (%33,33)
ve {iciincii sirada sarkiiterileri (%50,41) tercih
ettiklerini belirlemigler, marketlerin genellikle yiksek
gelir gruplarinca tercih edildigini ifade etmiglerdir.
Sahinler ve ark.(2020). Usak ilinde yaptiklar
calismada tiiketicilerin ar1 triinlerini %63 oraninda
marketlerden, %31 oraninda aricilardan aldigini
belirlemiglerdir. Tunca ve ark. (2015) yaptiklar
calismada %41 oraninda tuketicilerin urinlerini
market ve pazardan aldiklarini, sanal ortamdan
aligverigin %7.8 oraninda yapildigini ifade etmiglerdir.

Cizelge 10.Tiiketicilerin gelirleri ile bal satin alma yerleri arasindaki iligki
Table 10. Relationship between consumers' income and place of honey purchase

Bal satin alinan yerler Tiketici Gelir gruplarn Toplam
1 II 111
Say1 Oran Say1 Oran Say1 Oran
Market 60 43.2 43 30.7 5 23.8 108
Pazar 7 5.0 10 7.1 0 0.0 17
Aligveris merkezi 10 7.2 9 6.4 8 38.1 27
Internet 8 5.8 8 5.7 5 23.8 21
Aricilar 54 38.8 70 50.0 3 14.3 127
Toplam 139 100.0 140 100.0 21 100.0 300

Incelenen tiiketicilerde birinci yas grubunda olanlarin
daha c¢ok marketleri tercih ettigi gorilmektedir
(%36.7). Ikinci olarak alig veris merkezlerini (%23.3)
tercih etmektedirler. Internet tercihi %20, aricinin
tercihi ise %20 oranindadir. Ikinci yas grubunda ise
gelir gruplar: ayriminda oldugu gibi aricilar daha ¢ok

tercih edilmektedir (%50.0), ikinci olarak marketler
(%38.0), {iclincii olarak alis veris merkezleri ve
internet (%4.5) tercih edilmistir. %3 oraninda ise
pazarlar tercih edilmistir. Uciincii yas grubunda
marketler %45.8 oraninda tercih edilirken, aricilar
%43.1 oraninda tercih edilmektedir (Cizelge 11).

Cizelge 11. Tuketicilerin yaslar ile bal satin alma yerleri arasindaki iligki
Table 11. The relationship between age of consumers and place of honey purchase

Bal satin alinan yerler Tuketici Yaglar: Toplam
I 1I III
Say1 Oran Say1 Oran  Sayi Oran
Market 11 36.7 75 38.0 33 45.8 119
Pazar 0 0.0 6 3.0 2 2.8 8
Aligveris merkezi 7 23.3 9 4.5 5 6.9 21
Internet 6 20.0 9 4.5 1 1.4 16
Aric 6 20.0 99 50.0 31 43.1 136
Toplam 30 100.0 198 100.0 72 100.0 300
SONUC ve ONERILER bulunulmas1 gerekmektedir. Aricilik faaliyeti kolay

Ankara ilinde memurlara yonelik olarak yapilan
calismada ar1 Urlinlerinin tlketiciler tarafindan
bilinirlik diizeyleri incelenmis ve bal digindaki diger
trtnlerde biling diizeyi ve farkindaligin diisiik oldugu
belirlenmigtir. Bu nedenle tiiketici bilincinin tim ar
irinlerinde yiikselmesi igin g¢esitli tamitim ve
bilgilendirme programlarina o6ncelik verilmesi ve
tiketicilerin biling dizeyini arttiracak faaliyetlerde
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olmayan ve mesgakkatli bir iglemdir. Elde edilen
Urtinler ise oldukc¢a degerlidir. Bal gibi diger ari
Urtinlerinin de insan saghgna faydali oldugu
goriilmektedir. Ozellikle diger ar1 {iriinlerinin
faydalar1 da tlketicilere anlatilmalidir. Ayni biling
diizeyinde oldugu gibi satin alma oranlar:1 da diger ar1
urtnlerinde disiktiir. Tiketicilerin Griin satin alma
miktarinin artmasi biling diizeyinin artis1 ve ayni
zamanda tiketici gelirleri ile de alakalhidir. Ar
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urunleri bildigimiz gibi fiyat: pahali olan trinlerdir.
Fiyat diizeyinin yiiksekligi tiiketici taleplerini
olumsuz etkilemektedir. Fiyatlarin makul duzeyde
olmasi ancak Uretim miktarindaki artigla ve
maliyetlerdeki diisligle saglanabilecektir. Bu nedenle
ar1 urlinleri Giretici sayilarinin artmasi gerekmektedir.
Aricilik yapan tretici sayisinin artigi igin devlet
tarafindan gerekli destek ve tegviklerin yeterli
dizeyde olmasi1 gerekmektedir. Tiketiciler ar1
trtnleri satin alirken birtakim faktorlere dikkat
etmektedir. Bunlar irtin fiyati yaninda Uriin kalitesi,
markasi, ambalaji, Urtiindeki katki maddesi gibi
faktorlerdir. Tiketicilerin 6nem verdigi bu konular
dikkate alinmalidir. Tiketimde sirdirilebilirligin
saglanmas1  i¢cin  tuketici  tercihlerine  6nem
verilmelidir. Tiketiciler ari Urinlerinin gilivenli
urinler oldugu konusunda bilin¢glenmeli ve bu konuda
tanitici ve gliven arttirici faaliyetlerle
bilgilendirilmelidir. Bu iglevler ilgili kurum ve
kuruluglar aracilig: ile yapilmalidir. Tiketicilerin ari
trtinlerinin ucuz tirtinler olmadiginin farkinda oldugu
aciktir. Ar1 Uirtinlerinin 6zellikle kalite ve givenilirlik
diizeyi  arttikgca  fiyatlarinmin  ¢ok  yukseldigi
gorilmustir. Kaliteli ve giivenilir tirtin talebinin artis:
ve tim gelir gruplarinda talebin yeterince olugsmasi
makul fiyatlarla saglanacaktir.

Aragtirmacilarin Katki: Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmas1 Beyan1i

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