' 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 4 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 4 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 EditérEditor 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 Editorii English Editor
Dr. Ogr. Uyesi Turhan YILMAZ

Istatistik EditoriiStatistics 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 EditoriuAdssociate Editor

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

Dog.Dr. Kéksal 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

Doc.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 4

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 Danmigsmanlar Kurulu (Advisory Board)

Dog.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 4

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

KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

TARIM ve DOGA DERGISI

ICINDEKILER
ARASTIRMA MAKALESI - RESEARCH ARTICLE

Isparta-Tiirkiye'de Yetigen Cilek Agac1 (Arbutus andrachne L.) Meyvelerinin Cesitlilik Analizi 749-757
A Diversity Analysis of Fruits of Strawberry Tree (Arbutus andrachne L..) Grown in Isparta-Tiirkiye
Ebru Hatice TIGLI KAYTANLIOGLUES, Hiiseyin FAKIR, Ugur OZKAN, Candan SAHIN

The Effect of Nettle (Urtica dioica L.) Carob (Ceratonia siliqua L.) and Chaste (Vitex agnus-castusL.) Plants

on Fertility in Caenorhabditis elegans 758-766
Isirgan (Urtica dioica L.), Keciboynuzu (Ceratonia siliqua L.) ve Hayit (Vitex agnus-castus L.) Bitkilerinin
Caenorhabditis elegans' ta Fertiliteye Etkisi

Handan SARACE, Hiilya OZPINAR

Stem Anatomy of Some Crepis L. (Asteraceae) Taxa and Its Taxonomic Significance 767-772
Bazi Crepis L. (Asteraceae) Taksonlarinin Govde Anatomisi ve Taksonomik Onemi

Hiiseyin INCEER®, Ozge OZGURLUK

The Evaluation of psbA-trnH IGS Sequences in The Genus Potentilla L. as Barcoding Region 773-781
Barkodlama Boélgesi Olarak Potentilla L. Cinsinde psbA-trnH IGS Sekanslarinin Degerlendirmesi

Aykut YILMAZ®

Exploring the Potential of Psephellus huber-Marathi (Wagenitz) Wagenitz: A Comprehensive UHPLC-

MS/MS Analysis of Phytochemical Composition and Evaluation of Antioxidant Antimicrobial and
Antiproliferative Activities 782-792
Psephellus huber-Marathi (Wagenitz) Wagenitz'in Potansiyelini Kesfetme: Fitokimyasal Bilesiminin

Kapsamli Bir UHPLC-MS/MS Analizi ve Antioksidan, Antimikrobiyal ve Antiproliferatif Aktivitelerinin
Degerlendirmesi

Tugrul Cagr1 AKMANZ, Samed SIMSEK, Zeynep AKSIT, Ali AYDIN, Mustafa Abdullah YILMAZ

Investigation of New Potential Uses of Menengic (Pistacia terebinthus) for Various Areas 793-801
Menengic (Pistacia terebinthus)in Cesitli Alanlar I¢in Yeni Potansiyel Kullammlarinin Arastirilmas:

Meltem ASAN OZUSAGLAM

Sariyar Gokcekaya ve Yenice Baraj Goéllerinin (Eskisehir Ankara) Fitoplanktonunun ve Su Kalitesinin
Degerlendirilmesi 802-816
Assessment of Phytoplankton and Water Quality of Sariyar, Gékcekaya and Yenice Dam Lakes (Eskisehir,

Ankara)

Nurhayat DALKIRANEj, Belgin YOLDAS, Cafer BULUT

|\ In vitro Determination of Salt Stress Responses of OHXF 333 and OHXF 97 Pear Clonal Rootstocks 817-827
OHXF 333 ve OHXF 97 Armut Klon Anacglarinin Tuz Stresine Tepkilerinin in vitro Kogullarda Belirlenmesi

Elif UYDURAN, Bekir SANES

Cilt-Volume 27 Say1-Number 4 Yil-Year 2024



Identification of Root-knot Nematode (Meloidogyne spp. Goeldi 1887) (Tylenchida: Meloidogynidae) Species
in Celery (Apium graveolens L.) (Apiaceae) Growing Areas of Canakkale Province

Canakkale Ili Kereviz (Apium graveolens L.) Yetistirilen Alanlardaki Kok-ur Nematod (Meloidogyne spp.
Goeldi, 1887) (Tylenchida: Meloidogynidae) Tiirlerinin Tanilanmasi

Serif Ali YAGCIKOSE, Giilsiim UYSAL, Aysenur YILMAZ, Ziibeyir DEVRAN, Ugur GOZEL™

Determination of Fungal and Bacterial Disease Agents on Significant Brassicaceous Vegetable Species
Grown in Hatay Province

Hatay Ilinde Yetistirilen Onemli Brassicaceous Sebze Tiirlerinde Fungal ve Bakteriyel Hastalik
Etmenlerinin Belirlenmesi

Soner SOYLUZ, Merve KARA, Aysun UYSAL, Yusuf GUMUS, Emine Mine SOYLU, Sener KURT, ilhan
UREMIS, Erdal SERTKAYA

Insecticidal Effect of Some Essential Oils on Larval Survival of Ceratitis capitata ( Wiedemann) (Diptera:
Tephritidae) in Laboratory Conditions

Baz1 Ucucu Yaglarin Kimyasal Yapisi ve Laboratuvar Kosullarinda Ceratitis capitata ‘nin ( Wiedemann)
(Diptera: Tephritidae) Larva Canhiligi Uzerindeki Insektisidal Etkisi

Hanife YANDAYAN GENCES, Ceren SARAN, Sevim AKCURA

Monitoring adult populations of Ceratitis capitata (Wied) Rhagoletis cerasi (L.) (Diptera: Tephritidae)
Drosophila suzukii (Matsumura) and Zaprionus Indians Gupta (Diptera: Drosophilidae) at different
altitudes in fruit orchards of Adana Province in Tirkiye

Tirkiye’de Adana Ili Meyve Bahgelerinde Farkl Yiiksekliklerde Ceratitis capitata (Wied.), Rhagoletis cerasi
() (Diptera: Tephritidae), Drosophila suzukii (Matsumura) ve Zaprionus indianus Gupta (Diptera:
Drosophilidae)un Ergin Popiilasyonlarinin Takibi

Asime Filiz CALISKAN KECE, Burcu OZBEK CATALZ, Zhanerke AMANGELDI, Mehmet Rifat ULUSOY

Ultrastructure of Digestive Canal of Aelia rostrata (Heteroptera: Pentatomidae)
Aelia rostrata (Heteroptera: Pentatomidae)un Sindirim Kanalinin Ultrastriiktiirii

Sermin GENC™, Selami CANDAN

The Effects of Priming With NaCl Solutions on Salt Stress During Germination and Seedling Stages in
Maize

Tohumlara NaCl Cozeltileri ile Priming Uygulanmasinin Misirda Cimlenme ve Fide Agamalarinda Tuz
Stresine Etkileri

Sema NAZLI, Ugur BASARAN®

The Performance of Multi-Parental Cotton (Gossypium hirsutum L.) Hybrid Genotypes
Cok Ebeveynli Pamuk (Gossypium hirsutum L.) Melez Genotiplerinin Performansi

Ferhat CAKMAK, Volkan Mehmet CINAR, Serife BALCI, Aydin UNAY™

Cukurova Bélgesi Ikinci Uriin Kogullarinda Bazi Inci Dar1 (Pennisetum glaucum (L.) R. Br.) Cesitlerinin Ot
Verimleri ve Agromorfolojik Ozellikleri Uzerinde Bir Arastirma

A Research on the Forage Yield and Agromorphological Characteristics of Some Pearl Millet (Pennisetum
glaucum (L.) R. Br.) Cultivars under Second Crop Conditions in the Cukurova Region

Hasan Beytullah DONMEZB, Riistit HATIPOGLU

Cilt-Volume 27 Say1-Number 4 Yil-Year 2024

KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

TARIM ve DOGA DERGISI

828-838

839-855

856-867

868-880

881-891

892-900

901-909

910-919



Yiksek Rakimli Bir Merada Kuru Ot Verimi ile Nispi Yem Degerinin Yoneylere Goére Degisimi
Variation of Hay Yield and Relative Feed Value According to Direction in a Highland Rangeland
Ibrahim Hakan KARABULUTK, Binali COMAKLI

Using the GlutoPeak Tester in Determining the Quality Characteristics of Some Bread Wheat Varieties
Bazi Ekmeklik Bugday Cesitlerinin Kalite Ozelliklerinin Belirlenmesinde Glutopik Test Cihazinin
Kullanilmas1

Sadi GUR®, Harun DIRAMAN

Sodium Caseinate-Based Edible Bioactive Films With Psyllium (Plantago Ovata) Mucilage Powder And
Probiotic Saccharomyces boulardii

Psyllium (Plantago Ovata) Miisilaj Tozu ve Probiyotik Saccharomyces Boulardii Iceren Sodyum Kazeinat
Bazl Yenilebilir Biyoaktif Filmler

Huriye Goézde CEYLANE, Dilek ASLAN KAYA, Ahmet Ferit ATASOY

Determination of Phenolic Contents and Antioxidant Activities in Different Solvents of Hatila Valley and
Macahel Bee Products in Artvin Turkey

Tirkiye Artvin Ili Hatila Vadisi ve Macahel Ar1 Uriinlerinin Farkli Céziiciilerdeki Fenolik I¢eriklerinin ve
Antioksidan Aktivitelerinin Belirlenmesi

Tugba Nigar BOZKUS™

Gaziantep Ilinde Baharathik Kirmizibiberin (Maras Biberi) Uretim Maliyeti ve Pazarlama Durumu
Production Cost and Marketing Situation of Spice Red Pepper (Maras Pepper) in Gaziantep Province
Elife YAVUZ, Vedat DAGDEMIR

COVID-19 The Impact of the Pandemic on Farmers' Use of the Internet for Agricultural Issues
KOVID-19 Salginin Ciftgilerin Tarimsal Konularda Internet Kullanimi Uzerindeki Etkisi

Ahmet Yesevi KOCYIGITZ, Kiirsat DEMIRYUREK

Per Capita Meat Consumption: The Trend and Macroeconomic Determinants in Nigeria
Kisi Bagina Et Tiiketimi: Nijerya'daki Trend ve Makroekonomik Belirleyiciler

Sunday AKPAN™, Edet UDOH, Veronica S. NKANTA

Su Uriinlerinin Endiistri-I¢i Ticaretinin Analizi: Tiirkiye Ornegi
Analysis of Intra-Industry Trade in Aquaculture Products: The Case of Tiirkiye
Muhammed Fatih AYDEMIR®

Investigation of Plant Height Fresh Weight and Dry Weight of Different Sweet Basil (Ocimum basilicum L.)
Varieties Using Digital Image Processing Method

Sorgumun Bitki Boyu, Taze Agirlig: ve Kuru Agirliginin Biiylime Egrisi Modelleri ile Aragtirilmas:

Senol CELIKES, Erdal GONULAL, Halit TUTAR

Cilt-Volume 27 Say1-Number 4 Yil-Year 2024

- KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

TARIM ve DOGA DERGISI

920-928

929-939

940-948

949-957

958-966

967-972

973-983

984-993

994-1004


http://dogadergi.ksu.edu.tr/tr/pub/@senolcelik5000
http://dogadergi.ksu.edu.tr/tr/pub/@erdalgonulal
http://dogadergi.ksu.edu.tr/tr/pub/@htutar

Dr.Ogr. Uyesi
Prof. Dr.
Dog. Dr.
Prof. Dr.
Dog. Dr.
Prof. Dr.
Dog. Dr.
Ass. Prof.
Prof. Dr.
Dog. Dr.
Dog. Dr.
Dog. Dr
Dr.Ogr.Uyesi
Prof. Dr.
Prof. Dr.
Dog. Dr.
Dog. Dr.
Dr. Ogr.Uyesi
Prof. Dr.
Dog. Dr.
Dr.Ogr.Uyesi
Prof. Dr.
Dog. Dr.
Prof. Dr.
Prof. Dr.
Dr.Ogr.Uyesi
Prof. Dr.
Dr.Ogr.Uyesi
Prof. Dr.
Dog. Dr.
Dog. Dr.

Dog. Dr.

KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

TARIM ve DOGA DERGISI

HAKEMLER (Referees)*

Soyada gore siralanmagtar.

Asli Can AGCA
Ertugrul AGIRBAS
Gulgin Beker AKBULUT
Yavuz AKBAS
Hasan AKAY
Adem AKSOY
Mehmet AKYUZ
Solmaz AZIMI
Mustafa BAYRAM
Hakan BOZDOGAN
Bekir DEMIRTAS
Zeynep DUMANOGLU
Burcu ERDAL
Muzaffer FEYZIOGLU
Hakan GEREN
Gamze GOGER
Murat GUNEY
A. Zeki HEPCIMEN
Serra HEPAKSOY
Stimer HORUZ
Harun HURMA
Ali ISLAM
Selin KALKAN
Orkun Baris KOVANCI
Miige KANTAR DAVRAN
Mustafa Ali  KAPTAN
Gilay KACAR
Ece Bértecine KASAPOGLU
Sevim KAYA
Ali Rahmi KAYA
Besir KOC
Aysen KOC
Cilt-Volume 27

Say1-Number 4

Ankara Yildirim Beyazit Universitesi, Ankara
Recep Tayyip Erdogan Universitesi, Rize
Malatya Turgut Ozal Universitesi, Malatya
Ege Universitesi, [zmir

Ondokuz Mayis Universitesi, Samsun

Atatiirk Universitesi, Erzurum

Kilis 7 Aralik Universitesi, Kilis

K.N. Toosi University of Technology, Tahran-IRAN
Gaziantep Universitesi, Gaziantep

Ahi Evran Universitesi, Kirgehir

Hatay Mustafa Kemal Universitesi, Hatay
Bing6l Universitesi, Bingol

Bursa Uludag Universitesi, Bursa

Karadeniz Teknik Universitesi, Trabzon

Ege Universitesi Izmir

Afyonkarahisar Saglik Bilimleri Universitesi Afyon
Yozgat Bozok Universitesi, Yozgat

Manisa Celal Bayar Universitesi, Manisa

Ege Universitesi Izmir

Erciyes Universitesi, Kayseri

Tekirdag Namik Kemal Universitesi, Twkirdag
Ordu Universitesi, Ordu

Giresun Universitesi, Giresun

Bursa Uludag Universitesi, Bursa

Cukurova Universitesi, Adana

Adnan Menderes Universitesi, Aydin

Bolu Abant Izzet Baysal Universitesi, Bolu
Cukurova Universitesi, Adana

Gaziantep Universitesi, Gaziantep
Kahramanmaras Siitcii Imam Univ. Kahramanmarag
Bingol Universitesi, Bingol

Yozgat Bozok Universitesi, Yozgat

Yil-Year 2024



KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

TARIM ve DOGA DERGISI

Prof. Dr. Ismail KESKIN
Dog. Dr. Fatma M. KILIC
Dog. Dr. Makbule Nisa MENCET YELBOGA
Prof. Dr. Mehmet MERT
Prof. Dr. Mustafa MIRIK
Ass. Prof. Shalaleh MOSLEHI
Dr.Ogr.Uyesi  Ceren MUTLU
Prof. Dr Osman COPUR
Prof. Dr Ramazan CETINTAS
Prof. Dr Altingiil OZASLAN PARLAK
Prof. Dr. Hasan ONDER
Dr.Ogr.Uyesi Remziye OZEL
Dog. Dr. Murat OZTURK
Prof. Dr. Koksal PABUCCU
Dr.Ogr. Uyesi  Miicahit PAKSOY
Prof. Dr. Oguz PARLAKAY
Dog. Dr. Mehmet Resit SEVINC
Dog. Dr. Senay Stingiit.  SEKER
Dog. Dr. SEN SEN
Dr.Ogr. Uyesi Naciye TOK
Dr.Ogr. Uyesi Naciye TOK
Prof. Dr. Sener TARLA
Dog. Dr. Gulcan TARLA
Dr.Ogr. Uyesi Nurdan TOPAKCI
Dr. Selguk ULUSOY
Dr.Ogr. Uyesi  Sibel ULCAY
Prof. Dr. Celal YUCEL
Dr.Ogr.Uyesi  Ferit Can YAZDIC
Dog. Dr.. Mehmet YARAN
Dog. Dr. Mehmet YAMAN
Dog. Dr. Ismail YENER
Cilt-Volume 27

Say1-Number 4

Selguk Universitesi, Konya

Mardin Artuklu Universitesi, Mardin

Akdeniz Universitesi, Antalya

Hatay Mutafa Kemal Universitesi, Hatay

Tekirdag Namik Kemal Universitesi, Tekirdag
Azarbaijan Shahid Madani University, Tabriz, IRAN
Balikesir Universitesi, Balikesir

Harran Universitesi, Sanlurfa

Kahramanmaras Siitcii Imam Univ. Kahramanmaras
Canakkale Onsekiz Mart Universitesi, Canakkale
Ondokuz Mayis Universitesi, Samsun

Harran Universitesi, Sanliurfa

Yozgat Bozok Universitesi, Yozgat

Erzincan Binali Yildirim tniversitesi, Erzincan
Kahramanmaras Siitcii Imam Univ., Kahramanmaras
Hatay Mustafa Kemal Universitesi, Hatay

Harran Universitesi, Sanlurfa

Ondokuz Mayis Universitesi, Samsun

Tekirdag Namik Kemal Universitesi, Tekirdag
Aydin Adnan Menderes Universitesi, Aydin

Aydin Adnan Menderes Universitesi, Aydin

Usak Universitesi, Usak

Usak Universitesi, Usak

Akdeniz Universitesi, Antalya

Biyolojik Miicadele Arastirma Enstitiisi Mudurliga
Ahi Evran Universitesi, Kirgehir

Sirnak Universitesi, Sirnak

Munzur Universitesi, Tunceli

Gaziantep Universitesi, Gaziantep

Erciyes Universitesi, Kayseri

Dicle Universitesi, Diyarbakir

Yil-Year 2024



KSU Tarim ve Doga Derg 27 (4), 749-757, 2024
KSU J. Agric Nat 27 (4), 749-757, 2024
httpsi//doi.org/10.18016/ksutarimdoga.vi.1300933

o)

A Diversity Analysis of Fruits of Strawberry Tree (Arbutus andrachne L.) Grown in Isparta-
Tirkiye

Ebru Hatice TIGLI KAYTANLIOGLU™® Hiuseyin FAKIR2, Ugur OZKANS3, Candan KUS SAHIN*

L2Department of Forest Engineering, Forestry Faculty, Isparta University of Applied Sciences, Isparta, Tirkiye, 3Department of Forest
Products Engineering, Forestry Faculty, Isparta University of Applied Sciences, Isparta, Tirkiye, ‘Department of Landscape Architecture,
Architecture Faculty, Suleyman Demirel University, Isparta, Tirkiye

Thttps://orcid.org/0000-0002-9165-6675, 2https://orcid.org/0000-0002-6606-8011,3https://orcid.org/0000-0003-0147-99763
4https://orcid.org/0000-0002-0413-2380

P4 ebrukaytanlioglu@isparta.edu.tr

ABSTRACT

The growing locations of plants may affect product quality adversely in
several ways. Fruits containing a different percentage of chemicals may
cause adverse physicochemical properties. This study, it was evaluated
certain physicochemical properties of fruits obtained from Strawberry
Tree fruits (Arbutus andrachne 1.) which were collected from four
different geographical locations of stands that are managed Regional
Directorate of Forestry. A considerable physicochemical difference was
found among the fruit samples. The highest color differences among
samples were found with sample IV (AE: 15.4), followed by sample I (AE:
15.1), sample III (AE: 7.6) and sample II (AE: 3.6), respectively. However,
the size properties (diameter and weight) of samples also show some
variations. The highest average diameter (12.42 mm) and weight (1.13 g)
with a sugar content of 33.81 °Bx were found to be in sample I. The sugar
content difference is realizable result was found to be high at lower
diameters but at higher weights. Moreover, the total existence of 43
essential oil compounds is determined for sample I and 35 compounds for
sample IV, while 31 of them are similar, which represents 97.07% for
sample I and 91.78% for sample IV. These values may be a good
indication of the geographical locations of the physicochemical properties
of fruits of A. andrachne.

OZET

Yetisme ortamlari bitkilerden elde edilen Uriinlerin kalitesine bir¢ok
yonden etkileyebilir. Degisik oranlarda kimyasal madde iceren
meyvelerin o6zelliklerinin farkli olmasi beklenebilir. Bu c¢alismada,
Isparta Orman Bélge Mudurluga yetki alamindaki dort farkli cografi
bolgeden toplanan Cilek Agaclarindan (Arbutus andrachne L.)
meyvelerin genel o6zellikleri incelenmigtir. Elde edilen sonuglarin
istatistiksel analizi sonucu meyve Ornekleri arasinda, fizikokimyasal
ozellikler bakimindan (renk, agirlik, ucucu yag icerigi) 6nemli farklihiklar
bulunmustur. Numuneler arasinda en yiiksek renk farki (AE) numune
IV (AE: 15.4) ile ve daha sonra sirasiyla numune I (AE: 15.1), numune III
(AE: 7.6) ve numune II (AE: 3.6) de gézlemlenmistir. Ayrica meyvelerin
fiziksel boyut &zellikleri (cap ve agirlhk) bakimindan da 6nemli
farklilhiklar gézlemlenmistir. En yiiksek ortalama cap (12.42 mm) ve
agirhik (1.13 g) ile birlikte seker icerigi (brix sayis1) 33.81 °Bx ile numune
I'de hesaplanmigtir. Numuneler arasinda seker orani, fark edilebilir
olarak daha dusiik ¢apa fakat daha yiiksek agirliga sahip meyvelerde
hesaplanmigtir. Ayrica, numune I i¢in toplam 43, numune IV i¢in ise
toplam 35 ugucu yag bilesigi tespit edilmig fakat bunlardan 31'inin her
iki meyve orneklerinde de ortak olarak bulundugu anlagilmistir. Bu
ortak bilesikler, toplam ugucu yag oraninin numune I i¢in %97.07ini
numune IV i¢in ise %91.78’1ni1 olusturdugu hesaplanmigtir. Bu galismada
elde edilen verilerden, A. andrachne meyvelerinin fizikokimyasal
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ozelliklerinin, cografi yetisme ortamlarinin agiklanmasi bakimindan bir

gosterge olabilecegi olarak degerlendirilmigtir.
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INTRODUCTION in landscaping areas with shrub forms (Anonymous,

Plant growth is greatly affected by the environment,
which needs suitable atmospheric conditions to
survive. However, the need for planting must be
optimal, otherwise it limits growth or distribution.
Some of the important environmental factors that
affect plant growth include light, temperature, water,
humidity, elevation, and nutrition (Kérner et al., 1989;
Anonymous, 2024a).

Arbutus andrachne L. is a member of the Ericaceae
family which is called the strawberry tree, naturally
spread from the East Mediterranean to the Northern
Black Sea area in Turkiye (Beyhan, et al., 2020;
Santiso Carral, 2015). However, it is an evergreen with
orange-red fruits, generally habitat in the form of
shrubs or small trees in forest areas where they are
tolerant to heat cold, and moisture. It has been
reported by researchers that strawberry trees
generally bloom between November and March,
displaying white to pink panicle-forming bell flowers,
and can mature the fruit all year round (Beyhan et al.,
2020; Korner et al., 1989; Nemutlu, 2022; Santiso
Carral, 2015). It has matured fruits that ripen
simultaneously and are prone to getting black spots on
its leaves in the fall (Markovski, 2017). It has been
proposed that the shape of fruits is heterogeneous in
terms of weights, colors, and ripenings (Markovski,
2017; Santiso Carral, 2015). At maturity, the shape of
fruits is generally round with a diameter of 20-30 mm
and red in different hues (Beyhan et al., 2020; Koérner
et al., 1989; Nemutlu, 2022; Santiso Carral, 2015).
Because some healing properties have been reported
(i.e., antiseptic, diuretic, laxative, anti-diabetic,
hypertension, and anti-inflammatory), it has begun to
increase emphasis on the properties of its fruits
(Beyhan et al., 2020; Santiso Carral, 2015). Several
phenolic compounds were reported by the authors in
Arbutus fruits (Miguel et al.,, 2014). Besides the
multiple vitamin and phenolic compounds, the
antioxidant activity of strawberry tree fruits was
reported to be one of the highest among 28 fruit kinds
(Markovski, 2017).

As mentioned above, strawberry trees can be adapted
to many climate conditions well and have aesthetic
flowers and fruit with a green leaf structure. Hence,
distributed in a variety of landscape situations
(Nemutlu, 2022). It could be considered to be pivotal in
the genesis of architectural plants which can be used
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2024b). It is recommended to be used as a low-
branching specimen plant in residential and
commercial courtyards, in raised planters, and around
lawns (Nemutlu, 2022; Tatliyer et al., 2019;
Anonymous, 2024c). Due to being tolerant of summer
drought, the strawberry tree fruits might be attractive
to wildlife which may serve as food for birds, with the
flowers of the plant pollinated by bees (Markovski,
2017; Nemutlu, 2022; Miguel et al., 2014). Ten
different genotypes of Arbutus andrachne in
Macedonia were evaluated. It was found that one
genotype (genotype) had twice as big a fruit mass (1.87
g) as others while it has also dark red coloration (L:
21.02; a: 18.8; b: 12.0) Markovski, 2017). The Arbutus
species could be found in a maquis in natural
forestlands while different climatic conditions (e.g.,
light, elevation, direction, or temperature) affect their
morphology directly (Santiso Carral, 2015).

The strawberry tree is perhaps one of the best large
shrubs or small trees for inland gardens, where it
grows slowly, but provides garden value for many
years. It has typically red-orange-red strawberry-
shaped berries that can impress people, which makes
it an ideal eye-catcher in both small and large gardens
(Nemutlu, 2022; Anonymous, 2024b,c). However,
fruits from Arbutus andrachne are found to be used in
the food industry as a filler for many products (.e.
dessert, jelly, marmalade, yogurt) (Beyhan et al., 2020;
Nemutlu, 2022; Santiso Carral, 2015).

This study aims to give an overview of Arbutus
andrachne L. and the physicochemical properties of
their fruits, together with evaluating their landscape
value. It was assumed that native Arbutus andrachne
L. species present quality and multifunctional species
applicable for use in landscaping.

MATERIAL and METHOD

The strawberry trees (Arbutus andrachne 1.) were
found in their natural environment in Egirdir and
Sutguler Isparta province in Turkey. The fruits of
strawberry trees were collected within the vegetation
period in 2022, in the natural forest which is managed
by the Regional Directorate of Forestry authorities.
Due to the difficulties experienced in sampling, fruits
were collected from randomly selected healthy trees
considering form, age, and general appearance having
greenish-reddish colors. The fruits were collected from



KSU Tarim ve Doga Derg 27 (4), 749-757, 2024
KSU J. Agric Nat 27 (4), 749-757, 2024

Arastirma Makalesi
Research Article

four different locations in the same region (I: Northside
at elevation 369 m, II: North side at elevation 413 m,
IIT: South side at elevation 364 m, IV: South side at
elevation 343 m). Approximately 100 representative
samples were collected from all sides of the crown. The
collected samples were placed in bags, were labeled
after coding, and collection data (collection time, place,
and elevation) were marked on the label. Some
pomology features (e.g., fruit diameter and weight,
color) and essential oil characteristics of collected
samples were examined.

The collected fruit samples were manually cleaned
from contaminants, and then carefully washed with
distilled water. The clean fruits were stored in
standard containers at 4 OC until analyzed. Major
morphological characteristics affecting fruit properties
of size (diameter, mm), weight (g), and color were
determined. The fruit diameters and weights were
measured by digital calipers (+ 0.01 mm) and a digital
scale (= 0.01 gr). Degrees Brix (symbol °Bx) is a
measure of the dissolved solids in a liquid (e.g. fruit or
vegetables) and is commonly used to measure
dissolved sugar and/or soluble solid content of a given
substrate. Several researchers have already well
proposed that there is a close relationship between a
product's Brix value and potential sugar content
(Kappes et al., 2007; Chauhan et al., 2014). In this
case, the Brix (°Bx) level of samples was determined by
a hand refractometer (Palm Abbe PA2021, Solon, OH)
and reported as sugar content throughout the study.
Due to general appearance characteristics, an RGB
color model was used to indicate how much of each of
the red, green, and blue is included in the samples.
The CIE color difference formula was developed to
solve the problem of the differences in the evaluation
between color meters and the human eye. The AE (total
color difference) is a difference in color accuracy and
standard measurement, created by the Commission
Internationale de I'Eclairage (CIE). However, it is
based on AL*, Aa*, and Ab* color values, all of which
provide a complete numerical descriptor of the color in
a rectangular coordinate system (Sahin et al., 2011;
Sahin et al., 2020). The meanings are as follows:

L* represents lightness, with 0 being a perfect black,
with 0% reflectance or transmission, AL* represents a
lightness difference between measured samples,

. a* represents the redness-greyness of the color.
Positive values of a* are red, while negative values are
green, Aa* represents the difference in redness or
greyness between measured samples,

. b* denotes the yellow-blueness of the color.
Positive values of b* are yellow, while negative values
are blue, Ab* denotes blueness-yellowness differences
between measured samples.

. In the case of the levels mentioned above, the
higher the value, the greater the difference in that
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dimension.

The mathematical expression of the formula, however,
is a bit more intimidating:

oo = V(L3 = L)? + (a3 — ai)? + (B — b3)?
The RGB and color coordinate measurements (CIE
L*a*b* 1976) were made using a Nix2 handheld
colorimeter (Nix sensor LTD, Hamilton, Canada),
respectively. A single measurement was recorded for

each sample and 10 replicated fruits were measured
for each group sampling.

The essential oil of fruits of A. andrachne was isolated
by water distillation, done using the method described
by Sagdic et al. (2013). The ground of the fruits
(approximately 100 g) was placed into a flask (1 L)
treated with distilled water (1:5 w: v) and
hydrodistilled for 1 h with the Clevenger apparatus
(Ildam, Turkey). Essential oils were obtained from the
cooling tunnel. Following the drying of essential oil
with anhydrous sodium sulfate to remove any traces of
water and after filtration, it was stored in covered test
tubes at -20°C until use. The volatile composition of A.
andrachne essential oil was determined using a GC-
MS system (Shimadzu QP 5050, Japan) equipped with
a Quadrupole detector and an FFAP polar capillary
column [50 m x 0.32 mm @.d.), film thickness: 0.25 pml].
The temperature program for the column was set from
120 °C (1 min) to 230°C at a rate of 6 °C/min and then
held at 230 °C for 35 min. Helium was used as a carrier
gas at a flow of 14 psi. (Split 1:10 mL/min) and the
injection volume of each sample was 1 uL. The volatile
compounds were identified by using the libraries of
Flavor 2, Nist05, and Wiley7n. The peak areas were
used directly to give the percentage volatile
composition of the essential oil by dividing the area of
each peak into the total area under all of the peaks.
Figure 1 shows the geological map for collecting
samples (A), natural habitats of Arbutus andrachne L.
(B), and collected fruits (C).

The analysis of the obtained data was made within the
scope of the IBM SPSS Statistics 26 program at a 95%
confidence level. An analysis of variance (ANOVA) was
used to statistically determine color and size
variations.

All multiple comparisons were evaluated separately
and significant differences between L*, a*, b¥,
diameter, and weight averages were determined
within themselves. If the differences between the
averages of the locations were found to be significant
as a result of the analysis of variance in terms of the
features emphasized, the Duncan test was used to
determine the differences between the averages of

which locations.

RESULTS and DISCUSSIONS

The fruits of A. andrachne were examined at four
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different locations in similar regions that coexisted in a greenish-reddish color at ambient conditions (Fig.
their natural environment, taking into account that 10).

the fruit’s colors are differentiated. They appear to be

LEGEND
| City Border [l Sca  Flrviow

Value
Province Border [l Lake Yghs $140
b

R:132.5

G:23.33 G: 8.80 G:53.27
B: 8.20 B:1.33 B:3.6 B: 6.0 -

Figure 1. Geological map- (A), natural appearance- (B), and general characteristics (C) of A. andrachne fruits.
Sekil 1. A. andrachne meyvelerinin jeolojik haritasi- (A), dogal goriiniimii- (B) ve genel ézellikleri (C).

As a result of the analysis of variance in terms of appearance of color, particularly intensity. It was
color, diameter, and weight characteristics, the suggested to measure the color intensity of food
differences between the averages of the locations products using the CIE L*a*b* method (Bible and
were found to be statistically significant (p<0.05). Singha 1993; Pék et al., 2010). The average color

However, locational sampling affects variation in the coordinate values of sampling locations are presented
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in Table 1. The average color values are found to be
L: 25.09 (metric), a: 38.05 (metric), and b: 37.29
(metric), respectively. When considering sampling
locations, the highest lightness L: 35.48 (metric) and
yellowness b: 46.64 (metric) were found with sample
IV but the highest redness value of a: 45.81 (metric)
was found with sample III. Although, the visual

Table 1. The color properties of fruits of A. andrachne.
Tablo 1. A. andrachne meyvelerinin renk ézellikleri.

appearance of a fruit is one of the most important
acceptance criteria the collected sample may look
aesthetically pleasing. It has been well proposed by
several researchers that the higher reddish color
could be referred to better ripeness of fruits (Alarcio-
E-Silva et al., 2001; Santiso Carral, 2015; Vidrih et
al., 2013).

Sample L* a* b*
I 16.18+1.66 (D) 37.67+2.70(C) 25.10+2.43 (D)
I1 25.82+2.14 (B) 38.97+2.03(B) 40.76+3.21 (B)
111 23.80+0.63 (C) 45.81+2.33 (A) 36.65+1.73 (C)
I\Y 35.48+1.92 (A) 30.67+4.31 (D) 46.64+2.30 (A)
Average 25.09+1.19 38.05+1.61 37.29+1.58

*Each value represents the mean of at least ten replications. Values sharing the same capital letter (s) within a
column are not statistically different at the 0.05 level of confidence.

The quantification of all color values in a simple way
is very complicated and includes many phenomenal
variations. Therefore, the total color difference (AE)
which in this study may be useful to determine the
color properties, could be used to give an estimation
of how the different growing conditions (geographical
locations) affect the natural color of A. andrachné’s
fruits.

Figure 2 shows the different color properties of each
group of samples. Among collected fruits, the highest
color differences were found with sample IV (AE:
15.4), followed by sample I ( AE: 15.1), sample III (
AE: 7.6), and sample II (AE: 3.6) in that order. In the
literature, AE values of 2.0 to 3.0 numeric are thought
to be observable color differences by observers
(Agoston, 2013; Krantz, 1975).

Besides color and general appearances,
morphological parameters of fruit (e.g. diameters and
weights) have already been reported to be useful
methods for determining ripeness characteristics of
fruits (Isbilir et al., 2012; Kiveak et al., 2001; Oliveira
et al., 2011). In this regard, the measured average
fruit’s diameters and weights are presented
compared to Table 2. It appears to be a considerable
size variation exists among fruit samples (p<0.05,

Table 2. The size properties of fruits of A. andrachne.
Tablo 2. A. andrachne meyvelerinin boyut ozellikleri.

p=0.00). In four sampling locations, the average
diameters are found to be 10.62 mm in diameter and
weight 0.77 g, respectively. However, the highest
diameter (12.42 mm) and weight (1.13 g) were found
to be in sample I. These measured results may be
used to distinguish between the geographic sampling
locations of A. andrachné's fruits.

| |
" n v

Samples

—
N

AE (metric)
o

=

Figure 2. The color properties of fruits of A.
andrachne.
Sekil 2. A. andrachne meyvelerinin renk ozellikleri.

Sample Diameter (mm) Weight (g)
I 12.42+0.43 (A) 1.13+0.13 (A)
11 9.78+0.43 (D) 0.65+0.06 (C)
111 10.25+0.52 (B) 0.77+0.07(B)
v 10.01+0.28 (C) 0.52+0.05 (D)
Average 10.62+0.25 0.77+0.05

*Each value represents the mean of at least ten replications. Values sharing the same capital letter (s) within a
column are not statistically different at the 0.05 level of confidence.
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The brix value (°Bx) is a numerical index, typically
used to determine the ripeness or sugar content of a
food sample (Uggla et al., 2005). The measurements
exposed that fruit samples did not well correlate with
brix (Figure 3), although distinguished from samples
by their diameters. The highest value of 33.81 °Bx
was found for sample I, followed by 32.97 °Bx (sample
ID), 32.58 °Bx (sample I1I), and 27.89 °Bx (sample IV),
in that order.

12 40
o Brix  —e—Weight

! + 30
_. 08

= ] =
£ Sl -
o »
2 04 3

10

0 0

1 n mn v
Samples

Figure 3. The Brix and weight properties of fruits of
A. andrachne.

Sekil 3. A. andrachne meyvelerinin briks ve agirlik
ozellikleri.

The degree or value of Brix (°Bx) is traditionally
used in various food industries (.e., alcohol, soft
drinks, fruit juice honey, and so on.). Because it is
generally used to assess the quality of flavor or
sweetness, it is an important subject criterion.

It has already been well documented that there is a
direct correlation between a food’s Brix value and
potential sugar content (Kappes et al., 2007; Bolade
et al., 2009; Chauhan et al., 2014). In our study, the
brix values were measured in the range of 27.89 °Bx
(sample IV) to 33.81 °Bx (sample I). But when Figure
4 is carefully analyzed, it is difficult to correlate
sampling locations with the diameters of fruit A.
andrachne.
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Figure 4. The Brix and diameter properties of fruits
of A. andrachne.

Sekil 4. A. andrachne meyvelerinin briks ve g¢ap
ozellikleri.
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To find the combined effects of morphological
properties (fruit diameters and weights) on fruit's
sugar content (°Bx), the obtained values were plotted
against them, as shown in Figure 5. The figure
suggests that all monitoring properties bring an
effect of changing the brix values. However, the sugar
content difference is realizable. The sugar content
was found to be high at lower diameters but at higher
weights, then lowered with increasing diameter and
lowering weights. This could be expected considering
vast literature information has been reported, on
which growth locations impact on maturity and
morphological properties of food products (Alarcio-E-
Silva 2001; Pék et al., 2010; Vidrih et al., 2013; Ugga
et al., 2005; Isbilir et al., 2012; Oliveira et al., 2011;
Kivecak et al., 2001).

Figure 5. The fruit size effects on brix properties of
fruits of A. andrachne.

Sekil 5. Meyve boyutunun A. andrachne
meyvelerinin briks ozelliklerine etkisi.

Some research has already been conducted to
determine the chemical composition of physical
properties of strawberry tree fruits (Bento and
Pereira 2011; Ozcan and Hacseferogullar1 2007).
There were reported very useful results considering
the medicinal properties of the strawberry tree. In
this regard, we have made an effort to determine the
essential oil composition of A. Andrachn€es fruits.
Considering the natural environment, their relative
essential oil constituents from two different locations
(samples I and IV) are comparatively given in Table
3. However, the total existence of 43 essential oil
compounds 1s determined for sample I and 35
compounds for sample IV, respectively, while 31 of
them are similar, which represents 97.07% for
sample I and 91.78% for sample IV. The main
essential oil components for sample I were found to
be Ethyl alcohol (31.89%), (E)-2-Hexenal (16.61%),
Hexanal (15.36%), (Z)- 3-Hexen-1-ol (11.02%),
Penten-3-one (5.29%), Hexanol (2.86%), Ethyl acetate
(2.50%), Cyclopentanol (2.06%), (E)-2-Pentenal
(1.43%), 2-Methyl-1-propanol (1.43%), (E)-2-Hexen-1-
ol (1.06%). Moreover, the main components for
sample 2 were found to be ethyl alcohol (46.66%), (Z)-
3-Hexen-1-0l (8.90%), Hexanal (7.29%),2-Methyl-1-
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propanol (7.25%), (E)-2-Hexenal (6.17%), Hexanol
(5.80%), Ethyl acetate (1.765%), (E)-2-Hexen-1-ol

(0.96%), Penten-3-one (0.80%), in that order.

Although the evaluation of all these components is
difficult and not intended in this study, major
component ratios were considerably different for both
groups of samples.

Table 3. The essential oil constituents of fruits of A. andrachne.

Cizelge 3. A. andrachne meyvelerinin ucucu yag bilesenleri.

Compounds Sample I Sample IV
Ethyl alcohol 31.89% 46.66%
(E)-2-Hexenal 16.61% 6.17%
Hexanal 15.36% 7.29%
(Z)- 3-Hexen-1-0l 11.02% 8.90%
Penten-3-one 5.29% 0.80%
Hexanol 2.86% 5.80%
Ethyl Acetate 2.50% 1.76%
Cyclopentanol 2.06% 0.47%
(E)-2-Pentenal 1.43% 0.28%
2-Methyl-1-propanol 1.43% 7.25%
(E)-2-Hexen-1-ol 1.06% 0.96%
(E)-2-Heptenal 0.76% 0.06%
2-Butanone, 3-hydroxy- (CAS) Acetoin 0.59% 0.31%
Eucalyptol (1,8-Cineole) 0.57% 0.25%
Linalool 0.50% 0.58%
p-Cymene 0.42% 0.33%
(E,E)-2,4-Hexadienal 0.38% 0.07%
alpha- Pinene 0.32% 0.23%
Nonanal 0.27% 0.34%
Limonene 0.26% 0.15%
Ethyl caproate 0.23% 0.12%
3-Methylbutanal 0.22% 0.91%
Heptanal 0.21% 0.04%
1-Pentanol 0.16% 0.02%
Hexane 0.14% 0.10%
Camphor 0.14% 0.05%
Styrene 0.12% 0.55%
Octanal 0.10% 0.11%
Ethyl carbonate 0.09% 0.05%
2-Methylbutanal 0.06% 0.73%
gamma- Terpinene 0.04% 0.24%
Propyl bromide 0.20% -
Butyl acetate 0.14%

(Z)-2-pentanol 0.87%

alpha- Thujene 0.05%

Benzaldehyde 0.19%

Sabinene 0.07%

1-Octen-3-ol 0.04%

6-Methyl-5-hepten-2-one 0.10%

3-Isobutylcyclohexene 0.12%

(E,E)- 2,4-Heptadienal 0.28%

Oct-2(E)-enal 0.13%

alpha- Terpinolen 0.53%

beta- Cyclocitral 0.05%

Tonone <(E)-, beta-> 0.16% -
2,3-Butanedione - 0.08%
3-Methyl-1-butanol 3.71%
2-Methyl-1-butanol 4.38%
4-Terpineol - 0.05%
TOTAL 100% 100%

However, it was observed that the components of (E)-
2-Hexenal, Hexanal, (Z)- 3-Hexen-1-0l, Penten-3-one,
Ethyl Acetate, Cyclopentanol, (E)-2-Pentenal, (E)-2-
Hexen-1-0l were found to be higher in sample I
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whereas Ethyl alcohol, Hexanol, 2-Methyl-1-propanol
were higher in sample IV. Moreover, 3-methyl-1-
butanol (3.71%) and 2-methyl-1-butanol (4.38%)
which have considerably high concentration have
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only found in sample IV. It is important to note that
sample I contains 14 different components which
comprise 2.97% whereas sample IV had 4 different
components which comprise 8.72%.

CONCLUSIONS

Species in natural vegetation could be important for
plant designs, especially in terms of minimizing
maintenance needs. This study was carried out in
Isparta province on the Arbutus andrachne
(Strawberry tree) plant, which is widely distributed
in Mediterranean regions. The natural habitats of the
Arbutus andrachne L. plants in Isparta were
examined in situ and fruits were collected and
analyzed in terms of selected physicochemical
properties. As a result of the study, the
characteristics of the fruits were determined and it
was then to compare them with different growing
locations.

The different parts of plants (i.e., leaves, cones, fruits,
flowers) have gained increasing attention and are
widely utilized, but there are still some concerns,
particularly due to the growing locations' effects on
properties. However, special attention should be paid
to the use of those plants. The experimental results
showed that variations in growing locations had a
definite effect on the physicochemical properties of A.
andrachne. However distinct characteristics were
determined by the size, color, sugar content, and
essential oil constituents, which were influenced by
the geographic locations. However, the
characteristics of A. andrachné’s fruits did follow
some trends, which emphasized that growing
conditions affected physical properties. It 1is
important to note that many phenomenological
properties were reported for plant substrates and the
quantification of all those is very complicated and
needs further investigation.
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ABSTRACT Botany

This study was carried out to determine the effects of different

concentrations of water extract of Nettle (Urtica dioica L.), Carob Research Article
(Ceratonia siliqua L.), and Chaste (Vitex agnus-castus L.) plants, which

are traditionally used in the treatment of infertility among the people, on Article History

fertility in Caenorhabditis elegans (C. elegans), which is a model Received: 13.09.2023
organism. Scope of work; 0.1%, 0.05%, 0.02%, and 0.01% concentrations Accepted: 05.01.2024
of the water extracts of the plants were applied to the C. elegans standard

medium and egg counts were made for 3 days according to the Koelle Keywords

protocol. In addition, one day after each egg count, uncracked eggs were Urtica dioica L.
determined, and egg productivity was calculated. The analyses were Ceratonia siliqua L.
performed in triplicate, the averages were determined and the differences Vitex agnus-castus L.
between the groups were statistically compared with the SPSS program. Caenorhabditis elegans

According to the results obtained from the study, it was determined that Fertility
Nettle, Carob, and Chaste plants have positive effects on fertility. Among

the plants, it was determined that the plant that affected fertility the

most was Nettle, followed by Chaste and Carob plants, respectively. In

addition, in terms of dosage applications, the best effect in all three plants

has been observed at the highest dose of 0.1%.

Isirgan (Urtica dioica L.), Kegiboynuzu (Ceratonia siliqua L. ve Hayit (Vitex agnus-castus L.)
Bitkilerinin Caenorhabditis elegans ta Fertiliteye Etkisi

OZET Botanik

Bu ¢alisma, halk arasinda geleneksel olarak infertilite tedavisinde

kullanildig1 bilinen Isirgan (Urtica dioica L.), Keciboynuzu (Ceratonia Aragtirma Makalesi
siliqua L.) ve Hayit (Vitex agnus-castus L.) bitkilerinin su ekstraktinin . .

farkli konsantrasyonlarinin, bir model organizma olan Caenorhabditis Makale T.ar.lh(;e‘s1

elegans (C. elegans)' ta fertilite iizerine olan etkilerini belirlemek Gelis Tarll'n' :13'09'2023
amaciyla planlanmigtir. Calisma  kapsaminda; Dbitkilerin  su Kabul Tarihi  : 05.01.2024
ekstraktlarinin %0.1, %0.05, %0.02 ve %0.01’lik konsantrasyonlar1 C.
elegans standart besiyerine uygulanmis ve Koelle protokoliine gore 3 giin
boyunca yumurta sayimi yapilmigtir. Ayrica, her yumurta sayimi
yapildiktan bir gun sonra catlamayan yumurtalar tespit edilerek,
yumurta verimlilikleri de hesaplanmigtir. Analizler t¢ tekrarh olarak
yapilmigtir ve ortalamalar belirlenerek SPSS programi ile gruplar
arasindaki farklar istatistiksel olarak karsilastirilmistir. Calismadan
elde edilen sonuglara gore, Isirgan, Kegiboynuzu ve Hayit bitkilerinin
fertilite Uzerinde olumlu etkilere sahip oldugu belirlenmigtir. Bitkiler
arasinda fertiliteye en fazla etki eden bitkinin Isigan oldugu bunu
sirasiyla Hayit ve Kegiboynuzu bitkilerinin takip ettigi belirlenmigtir.
Ayrica, doz uygulamalarinda her ti¢ bitkide de benzer sekilde en iyi etki
en yiiksek doz olan %0.1’ lik uygulamada tespit edilmistir.

Anahtar Kelimeler
Urtica dioica L.
Ceratonia siliqua L.
Vitex agnus-castus L.
Caenorhabditis elegans
Fertilite
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Chaste (Vitex agnus-castus L.) Plants on Fertility in Caenorhabditis elegans. KSU J. Agric Nat 274), 758-
766. https://doi.org/10.18016/ksutarimdoga.vi. 1357294
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INTRODUCTION

Humans' use of plants for medicinal purposes dates
back to ancient times. Archaeological findings from the
earliest civilizations indicate that people utilized
plants to obtain food and address health issues
(Ozpmar & Yiiksek, 2019). Additionally, it is known
that many drugs used in modern medicine today are
derived from plants (Sarac et al., 2018). Scientific
research conducted on the effectiveness and safety of
commonly used medicinal and aromatic plants in folk
medicine plays a significant role in Turkish traditional
medicine and its proper utilization (Fugh-Berman &
Kronenberg, 2003). Because, even though herbal
remedies have been known for a long time, the specific
ways in which each plant affects human physiology are
not well wunderstood. Therefore, the scientific
community has focused on plant extracts as
therapeutic agents for 30-40 years (Bora & Sharma,
2010; Cetin, 2012). Contrary to popular belief, many
plants have been discovered to have medicinal effects,
and the discovery of such plants continues (Besen &
Beji, 2014). In our country, which has a rich potential
in terms of medicinal and aromatic plants, herbal
treatment is preferred by the public due to its low cost,
easy accessibility, and concerns about the side effects
of chemical drugs. It is particularly widely used in the
treatment of infertility (Besen and Beji, 2014; Dastan
& Sarag, 2018). Studies conducted in countries where
plants affecting fertility are extensively used have
found that the medicinal plants used in these studies
not only lead to a significant increase in pregnancy
rates and ovulation but also result in a decrease in
miscarriage rates (Tan et al., 2012; Yilmaz, 2019). In
modern times, efforts are being made to document
plants that affect fertility. Therefore, their effects are
being investigated and extensively discussed through
scientific publications and projects (Gaware et al.,
2009; Besen & Beji, 2014). For example, in a study
conducted by Telefo et al. (2011) in Cameroon, 46
different plants used in female infertility were
documented.

Urtica dioica L. 1s one of the most common species in
the family Urticaceae. In studies with the species,
which is a perennial herbaceous plant, the extracts
used have been found to have many pharmacological
effects such as antioxidant, anti-inflammatory, anti-
diabetic, anticancer, antiulcer, etc. (Esposito et al.,
2019). Ceratonia siliqua L. is a species of the Fabaceae
family that is widespread in the Mediterranean region.
Due to the many bioactive components contained in the
fruit of this species and the products obtained from this
fruit; positive effects have been observed on diabetes,
inflammation, digestive system disorders,
hyperlipidemia, oxidative stress, etc.. (Brassesco et al.,
2021). Vitex agnus-castus L. species is referred to as
the chaste tree that spreads in Central Asia, the
Mediterranean Region, and Southern Europe. It is a
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species of the Verbenaceae family. Studies carried out
in recent years show that this type can be effective in
the treatment of PMS and menstrual disorders,
menopausal problems, and also its antioxidant,
antitumoral, antimicrobial, antiepileptic, anti-
inflammatory, osteopenic, etc. effects can be observed
(Niroumand et al., 2018).

In this study, Nettle (Urtica dioica L.), Carob
(Ceratonia siliqua L.), and Chaste (Vitex agnus-castus
L.), which have been determined as plant materials,
are traditionally used for various human-specific
disorders, primarily infertility treatment (Ezer & Avci,
2004; Ugulu et al., 2009; Edirne et al., 2010; Ipekoglu
& Oral, 2019).

Currently, various model organisms are used to
demonstrate the effects of many substances, such as
plant extracts, on human health. C. elegans is a
microscopic, non-pathogenic soil nematode
(roundworm) that is approximately 1 mm long and 65
um thick. It freely lives in organic-rich environments
such as the soil near tree roots (Hertweck et al., 2003;
Unli & Erdem, 2010). Due to its fundamental
characteristics such as simplicity, transparency, and
short lifespan, C. elegans has been extensively used as
a model organism in basic biological research for many
years (Olsen et al., 2006; Porta de la Riva et al., 2012;
Savas et al., 2018; Ozpinar, 2020 ). C. elegans can
easily sustain its life in laboratory conditions by
feeding on bacteria (Escherichia coli OP50 strain) on
an agar substrate in a petri dish (Unli & Erdem,
2010). Additionally, it can be stored indefinitely as a
stock at -80°C or in liquid nitrogen (Springer, 2005). Its
lifespan under laboratory conditions is approximately
3 weeks, and its life cycle (from embryo to reproductive
adult) takes about 3.5 days at 20°C (Olsen et al., 2006)
(Figure 1). This study investigated the effects of water
extracts obtained from Nettle, Carob, and Chaste
plants at concentrations of 0.1%, 0.05%, 0.02%, and
0.01% on C. elegans fertility.

MATERIAL and METHOD
Plant Materials

The Nettle leaves, Carob fruits, and Chaste seeds used
as plant material in the study were obtained from an
herbalist shop located in Sivas and later diagnosed
(Figure 2).

Preparation of Plant Extracts

For extraction, the leaves of Nettle, the fruits of Carob,
and the seeds of Chaste were used. The dried plant
materials were first ground into a powder using a
laboratory-type mill. Then, 100 g of the powdered plant
samples were weighed and placed in beakers, to which
500 mL of distilled water (dH20) was added as the
solvent. The plant samples were macerated at room
temperature (25+2°C), 150 rpm, using an electronic
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shaker for 24 hours. After maceration, the plant
extracts were filtered twice through filter paper
(Whatman No. 1). The solvent in the filtrate was

removed using a rotary evaporator at 40°C. The
resulting dry extracts were stored at +4°C until
analysis.

Adult

Figure 1. Life cycle of C. elegans (Corsi et al., 2015)
Sekil 1. C. elegans’in yasam dongiisiti (Corsi ve ark., 2015)

Figure 2. Plant materials used in the study A. Nettle
leaf, B. Carob fruit, C. Chaste seed
Sekil 2. Calismada kullanilan bitki materyalleri A.
Isirgan yapragi, B. Ke¢iboynuzu meyvesi, C.
Hayit tohumu

Preparation of TBX Agar Medium for E. coli OP50
Strain

To prepare TBX Agar (Tryptone Bile Glucuronide
Agar) medium for E. coli OP50 strain, 9.125 g of TBX
Agar was weighed using a precision balance, and then
250 mL of dH20 was added to it. The mixture was then
placed on a magnetic stirrer to ensure the agar's
dissolution, and the medium was autoclaved at 125°C
for 15 minutes for sterilization. After autoclaving, the
agar medium was allowed to cool down to 55°C.

Purification of E. coli OP50 Strain

After preparing the TBX Agar medium for the E. coli
OP50 strain, approximately 10 mL of the medium was
poured into each 60 mm petri dish. The medium was
allowed to solidify. Once solidified, the TBX Agar
plates were ready for use. Using a sterile loop, E. coli
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OP50 strain was streaked onto the agar surface, near
the flame of a Bunsen burner. The plates were then
incubated at 37°C for 24 hours. After colony formation
was observed, specific blue colonies belonging to the £.
coli OP50 strain were identified. This step was
performed to purify the FE. coli OP50 strain by
identifying the colonies specific to it before
transferring the £. colito a liquid medium, to avoid the
possibility of contamination.

Preparation of Liquid Culture Medium for £. coli OP50
Strain

A liquid culture medium has been prepared for the
transfer and propagation of the purified . coli OP50
strain. For this purpose, 9.125 g of Lauryl Sulfate
Tryptose Broth (LST Broth) was weighed on a
precision balance, and then 250 mL of dH20 was
added. The mixture was autoclaved at 120 °C for 15
minutes to ensure sterilization. Once sterilized in the
autoclave, the medium was cooled to 37 °C.
Subsequently, a single colony of E. coli OP50 strain
was inoculated into the LST Broth using a loop taken
from a TBX Agar culture. During this process, work
was conducted inside a laminar flow (sterile cabinet)
and near a Bunsen burner to minimize the risk of
contamination. After transferring the liquid culture
medium, it was incubated at 37°C in an incubator for
24 hours. Following successful growth, the medium
was stored at +4°C for later use (the cloudiness of the
liquid indicates the proliferation of E. coli OP50
strain).
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Preparation of Nematode Growth Media (NGM)

2.5 g of Peptone, 3 g of NaCl, and 20 g of Agar were
dissolved in 1 L of dH20 using a magnetic stirrer until
the boiling temperature was reached. The mixture was
then autoclaved at 125 °C for 15 minutes and
subsequently cooled down to 55 °C. After cooling, the
NGM was homogenized by adding the previously
prepared and filtered components, including 1 mL of
MgSO4 (1M), 1 mL of Cholesterol (5 mg/mL), 1 mL of
CaClz (IM), and 25 mL of KPO4 buffer (pH: 7).

Culturing of C. elegans on NGM

After homogenization, NGM was poured into 60 mm
Petri dishes, approximately 10 mL each, to allow it to
solidify into an agar consistency. Once the NGM
solidified, about 400 pL of E. coli OP50 strain was
added to the centre of each dish. The petri dishes with
added E. coli were then left to dry in a sterile
environment for approximately 1-2 days. Care was
taken to prevent the NGM from completely drying out
to maintain its agar consistency. Once the bacterial
solution dried, a small piece was cut from the stock
culture and placed upside down onto the newly
prepared NGM. This allowed the C. elegans to be
cultured on the NGM medium, providing an
environment suitable for their growth and
development.

Preparation of NGM with Plant Extract

The dried plant extracts weighed for 0.01%, 0.02%,
0.05%, and 0.1% concentrations, were individually
added to separate NGM. After adding the extracts, the
mixture was rapidly stirred and poured into petri
dishes to solidify. Control petri dishes were prepared
without adding any concentration of plant extract
(Figure 3). Petri dishes were prepared in triplicate for
all doses of the plant extracts studied. Subsequently,
all prepared Petri dishes were wrapped with
aluminium foil and stored at +4 °C to be used after the
synchronization process of C. elegans.

Figure 3. NGMs prepared with water extracts at
concentrations of 0.01%, 0.02%, 0.05%, and
0.1%.
Sekil 3. Su ekstraklarinin %0.01, %0.02, %0.05 ve %0.1
konsantrasyonlari ile hazirlanmis NGMler
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Synchronization of C. elegans

1 g of NaOH was weighed on a precision balance and
then 5 mL of dH20 was added to dissolve it.
Subsequently, 1 mL of sodium hypochlorite and 0.5 mL
of NaOH solution were transferred to a centrifuge
tube. The previously prepared NGM, where C. elegans
had been cultured, was used to wash the eggs by
pipetting with dH20. After pipetting, the eggs were
also transferred to the centrifuge tube, which was then
centrifuged at 3000 rpm for 10 minutes, and the
supernatant was discarded. The remaining pellet
containing the eggs was transferred to new NGM
plates. These eggs constitute synchronized larvae, and
when they reach the adult form (L.4) by the end of the
third day, they are used for fertility analysis (Koelle,
2005).

Fertility Analysis

To determine the effects of plant extracts on fertility,
evaluations were conducted on egg counts, the number
of individuals hatched from the eggs, and egg
productivity. The egg counting for fertility analysis
followed the protocol by Koelle (2005). Accordingly, 15
well-fed L4 stage C. elegans were transferred to each
petri dish prepared with different concentrations of
plant extracts (0.01%, 0.02%, 0.05%, 0.1%). After 36
hours, 10 individuals from each dish were transferred
to a new petri dish and left at 20°C for 30 minutes.
After the specified time, egg counting was performed
under a stereo microscope using a 20x objective.
Additionally, the number of C. elegans individuals
hatching from the eggs was counted in the same Petri
dishes, and any unhatched eggs were identified.

Statistical Analysis

Fertility analysis was repeated three times for each
plant extract and its doses. Statistical analysis of the
fertility data was performed using SPSS 22.0 IBM
Corporation, Armonk, New York, United States)
software. Differences between the means were
determined using the Tukey test with a significance
level of P<0.05.

RESULTS and DISCUSSION

The effects of water extracts of different concentrations
of the Nettle, Carob, and Chaste plants on fertility
were determined in the study, and the findings
obtained are presented in Tables 1, 2, and 3.

According to the fertility results obtained from a 3-day
count of 10 C. elegansindividuals transferred at the L4
stage, Nettle water extract doses have caused
significant increases in both parameters (egg counts
and individual counts). This is because significant
statistical differences exist between the applied dose
groups and the control (P<0.05). All applied dose
groups have positively influenced fertility. This effect
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is proportional to the dose amount. As the dose amount

increases, the egg and individual counts increase
(Table 1).

All doses of Nettle water extract have increased egg

productivity in C. elegans compared to the control. Egg
productivity was determined as 99.1% at a dose of
0.01%, 99.4% at a dose of 0.02%, 99.2% at a dose of
0.05%, and 99.1% at a dose of 0.1%. The egg
productivity of the control is 97.9% (Figure 4).

Table 1. The effect of Nettle water extract on fertility in C. elegans
Cizelge 1. Isirgan su ekstraktinin C. elegans’ta fertiliteye etkisi

Doses (%) Egg counts Individual counts
Control 857.66+4.044 839.66+4.164

0.01 958+3¢ 950.33+4.50¢

0.02 964.66+3.21bc 959.66+2.51bc
0.05 969.66+3.78b 962.66+3.21b

0.1 999.33+2.51a 991.33+4.042

ab.e Values within a column with different superscripts differ significantly at P<0.05

100

99,5

99

98,5

Egg productivity (%)
oo

%]

=~

96,5

Control 0.01%

a
ab a
ab
| I I

0.02% 0.05% 0.1%

Nettle water extract doses

Figure 4. The effect of Nettle plant on egg productivity in C. elegans
Sekil 4. Isirgan bitkisinin C. elegans’ta yumurta verimine olan etkisi

Table 2. The effect of Carob water extract on fertility
in C. elegans

Cizelge 2. Ke¢iboynuzu su ekstraktinin C. elegans’ta
fertiliteye etkisi

Doses (%)  Egg counts Individual counts

Control 866.66+4.16>  846.66+4.72¢
0.01 861.66+2.08>  851.66+3.21b
0.02 864.66+1.52>  856.66+4.16
0.05 868.66+3.213>  860+2ab

0.1 874.66+3.05°  865+3.60n

abec Values within a column with different superscripts
differ significantly at P<0.05

When Table 2, which demonstrates the effects of
different doses of Carob water extract on fertility, is
examined, it is determined that the highest dose of the
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Carob plant, which is the 0.1% application, and
partially the 0.05% application, have a positive effect
on egg counts. Compared to the control, no significant
difference is observed in other dose applications. When
the number of individuals hatched from the eggs is
evaluated, a significant increase is determined
depending on the dose increase (Table 2). This
indicates that the Carob plant has a positive effect on
fertility.

The graph showing the egg productivity of different
doses of Carob water extract and the control is
presented in Figure 5.

When examining Figure 5, it can be observed that all
doses of Carob water extract have increased egg
productivity compared to the control. The egg
productivity, which was 97.6% in the control, reached
an average of 99% in Carob extract applied at different
concentrations.
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Figure 5. The effect of Carob plant on egg productivity in C. elegans
Sekil 5. Kegiboynuzu bitkisinin C. elegans’ta yumurta verimine olan etkisi

All doses of Chaste water extract (0.01%, 0.02%, 0.05%,
0.1%) have shown an increase in egg counts and
individual counts in C. elegans compared to the
control. This difference between the control and dose
groups is statistically significant (P<0.05). Chaste
water extract has had a positive effect on fertility,
increasing egg counts and individual counts with
higher doses. The highest numbers of eggs
(998.66+3.21) and individuals (988.66+1.52) were
observed in the 0.1% dose, while the lowest numbers of
eggs (868.66+4.72) and individuals (849.66+4.50) were
observed in the control (Table 3).

The graph showing the different doses of water extract
of Chaste seeds and the control's egg productivity is
given in Figure 6.

100
99,5
ab
£ 99
&
Z 985
[ =]
=
B 98 c
(=9
a3
89 97,5
97
96,5

i

Control 0.01%

Table 3. The effect of Chaste water extract on fertility
in C. elegans

Cizelge 8. Hayit su ekstraktinin C. elegans’ta
fertiliteye etkisi

Doses (%) Egg counts Individual counts
Control 868.66+4.72¢ 849.66+4.50¢

0.01 939+4.354 931.33+3.214

0.02 951.33+4.04¢ 946.66+2.51¢

0.05 966+4.35> 958.33+2.51b

0.1 998.66+3.21a 988.66+1.522

abc Values within a column with different superscripts
differ significantly at P<0.05

a
ab
I b
0.02%

0.05% 0.1%

Chaste water extract doses

Figure 6. The effect of Chaste plant on egg productivity in C. elegans
Sekil 6. Hayit bitkisinin C. elegans’ta yumurta verimine olan etkisi
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The egg productivity of C. elegans for the application
doses of the Chaste plant at 0.01%, 0.02%, 0.05%, and
0.1% were determined as 99.1%, 99.5%, 99.2%, and
98.9%, respectively. In the control, the percentage of
hatched larvae from the eggs is 97.8% (Figure 6).

There are many different studies on the number of
eggs and egg productivity of C. elegans individuals of
different plant extracts and active ingredients
(Ozpmar et al., 2017; Ozpinar et al., 2017). However,
not many studies were found that demonstrate the
effects of Nettle, Carob, and Chaste plants on fertility
in model organisms found in the conducted literature
review.

Yilmaz (2019), in his study investigating the effects of
commonly used plants in Turkey, namely Nettle,
Rosemary, and Carob, on sperm function parameters
under in vitro conditions. He treated sperm samples
obtained from 40 patients with extracts of these plants
at concentrations of 0.1%, 0.05%, and 0.01% for 30
minutes, 1 hour, and 24 hours, respectively. Sperm
motility and vitality parameters were evaluated
according to the World Health Organization (WHO)
criteria. The study found that progressive sperm
motility and vitality were improved with the in vitro
application of Nettle, Rosemary, and Carob extracts in
normozoospermic samples. Vafaei et al. (2018)
reported a study in which they aimed to determine the
effects of Carob (Ceratonia siliqua) extract on sperm
quality, testicular structure, testosterone levels, and
oxidative stress in Busulfan-induced infertile mice. In
this study, adult male mice were treated with 10 mg/kg
of busulfan along with Carob extract at doses of 800,
400, 200, 100, and 50 mg/kg for 35 days. According to
the research findings, the administration of 800 mg/kg
Carob extract for 35 days improved sperm quality,
biochemical parameters, germinal epithelium
thickness, and testosterone levels in Busulfan-induced
infertile mice. In another study, the effect of orally
administered Carob fruit in capsule form and vitamin
E on sperm parameters in men with idiopathic
infertility was investigated. In the study, it was
determined that the daily use of 1500 mg oral Carob
fruit capsule for 90 days had a significant effect on
sperm motility, but compared to vitamin E, it did not
have a significant effect on morphology and count
(Sanagoo et al., 2021). Jalili et al. (2014) conducted a
study to investigate whether the hydroalcoholic extract
of Urtica dioica could inhibit the negative effects of
nicotine on the viability, count, motility, testicular
histology, and testosterone hormone levels of sperm
cells. In their research, they determined that the
hydroalcoholic extract of Urtica dioica could enhance
spermatozoa quality and inhibit the negative effects of
nicotine on sperm parameters. In a different study, the
effects of Vitex agnus-castus extract on the
reproductive potential of women with premature
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ovarian ageing (POA) were investigated. The study
aimed to determine the impact of Vitex agnus-castus
extract as a plant that promotes fertility. The results
indicated that when used within established dosage
guidelines, Vitex agnus-castus extract is considered a
safe and effective botanical intervention in medical
practices for women with POA, encouraging fertility.
(Hossein-Rashidi & Nemati, 2017).

CONCLUSION

This study aimed to determine the effects of different
concentrations of water extract from Nettle (Urtica
dioica L.), Carob (Ceratonia siligua L.), and Chaste
(Vitex agnus-castusL.) plants on fertility in C. elegans.
It was found that all dosage applications of Chaste and
Nettle plants increased the number of eggs and the
number of individuals hatched from eggs compared to
the control. The Carob plant, on the other hand,
showed a positive effect on the number of eggs with its
0.1% and 0.05% applications. The dosage application
that yielded the best results in all three plants was
0.1%. Furthermore, according to the study results, it
can be said that the water extract of the Nettle plant
has a greater impact on fertility overall.

When the data obtained from the study are evaluated
as a whole, it is believed that medicinal plants, as one
of the traditional methods, can be used to treat
infertility, which is widely seen today, instead of using
chemically based drugs or lengthy and costly
treatment methods. Many plants are being discovered
to have more medicinal effects than previously known
or can be used in different areas. Scientific research
and studies help us better understand the effects of
plants on health and lead to discoveries. As more
information is obtained about the bioactive compounds
found in plants and their effects on the human body,
herbal medicines, and treatment methods can evolve.
This process is a dynamic field where discoveries are
constantly being made in the field of herbal medicine.
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ABSTRACT

In this study, the stem anatomy of nine Crepis (Asteraceae) taxa was
described for the first time from Tirkiye. The anatomical data obtained
were evaluated in terms of taxonomy with analysis of variance and
principal components analysis. The stem mainly consists of a layer
epidermis, parenchymatous cortex, collateral vascular bundles, and
parenchymatous pith in all taxa examined. Glandular or non-glandular
trichomes are found in the epidermal cells of the stem in some species
examined. Even though all taxa examined have similar stem anatomy,
quantitative traits such as the length or width of the anatomical
characters significantly vary among the taxa. In particular, the xylem
thickness considerably differs among the taxa studied, according to the
results of analysis of variance. Besides, the xylem is thicker in caulescent
species than in scapigerous taxa. According to the results of the principal
components analysis, the xylem thickness and the epidermis cell length
explain most of the total variation with about 82% value among the
studied taxa. These results show that xylem thickness and epidermis cell
length have a high taxonomic value.

OZET

Bu calismada, dokuz Crepis(Asteraceae) taksonunun gévde anatomisi ilk
kez Turkiye’den tanmimlandi. Elde edilen anatomik veriler, varyans
analizi ve temel bilesenler analizi ile taksonomik yonden degerlendirildi.
Incelenen tum taksonlarda govde, bashca tek tabakali epidermis,
parenkimatik korteks, kollateral iletim demetleri ve parenkimatik 6zden
olusmaktadir. Incelenen baz tiirlerde, gévdenin epidermal hiiclerinde
salg1 veya salgisiz tiiyler bulunur. Incelenen tiim taksonlar benzer gévde
anatomisine sahip olmakla birlikte, anatomik karakterlerin uzunluk
veya geniglik gibi kantitatif 6zellikleri, taksonlar arasinda 6nemli 6l¢tide
degisir. Ozellikle, ksilem kalinlig1 taksonlar arasinda oldukeca farklidir.
Bununla birlikte, ksilem, govdeli tiirlerde, skapli taksonlara gore daha
kalindir. Temel bilegenler analiz sonuclarina gore, ksilem kalinligi ve
epidermis hiicresi uzunlugu yaklasik %82 degeri ile ¢aligilan taksonlar
arasindaki varyasyonun ¢cogunu aciklar. Bu sonuclar, ksilem kalinlig1 ve
epidermis hucresi uzunlugunun yuksek bir taksonomik degere sahip
oldugunu gosterir.
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INTRODUCTION lack of discriminating characters. High morphological

Crepis L. with above 200 species belonging to the tribe
Cichorieae is one of the taxonomically difficult genera
of the family Asteraceae (Bremer, 1994; Enke, 2009).
Its species are widely distributed in the Northern
Hemisphere and Africa (Babcock, 1947a, b). Within
Crepis, delimitation of the species is difficult due to the

plasticity in the Crepis species is also common, which
has resulted in a profusion of published names
(Tamonico & Iberite, 2023).

According to the classic works of Babcock (Babcock,
1947a, b), Crepis is a monophyletic genus. However,
recent molecular studies indicate that the genus
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Crepisis polyphyletic with split into three statistically
well-supported clades (Enke & Gemeinholzer, 2008;
Enke, 2009).

The taxonomic significance of stem anatomy has been
confirmed in some groups of Asteraceae, such as Inula
L. and Tripleurospermum Sch.Bip. (Karanovic et al.,
2022; Ozcan & Inceer, 2022). Anatomical
characteristics of the stem have also taxonomic value
for some members of Cichorieae (Carlquist, 1967;
Metcalfe & Chalk, 1979).

The systematic significance of anatomical knowledge
for Crepis was noted by Inceer et al. (2018) based on
achene and leaf characters. However, anatomical data
on the stem anatomy of Crepis are very scarce.
According to current taxonomic literature (Yildirimli,

Table 1. Collection data of the Crepis taxa examined
Cizelge Incelenen Crepis taksonlarinin koleksiyon verileri

2021), 41 Crepis taxa are found in Tiirkiye, where its
endemism rate is about 22%. This study aims to
contribute to the anatomical knowledge of Crepis with
the evaluation of stem anatomical characters of nine
Crepis taxa from Turkiye using univariate and
multivariate analyses.

MATERIALS and METHODS
Plant Materials

The samples of the Crepis taxa were collected from
natural populations in Tiirkiye (Table 1), and their
stems were fixed in FAA (5 parts formalin: 5 parts
acetic acid: 90 parts 70% ethyl alcohol) (Ozcan &
Inceer, 2022).

Taxon Locality Voucher**
C. alpestris (Jacq.) Tausch Bursa: Uludag, 2,230 m, 30.7.2013 Inceer 1046
C. amanica Babcock* Adana: Misis Nur Mountain, 205 m, Inceer 989

18.5. 2013
C. armena DC.*

Kahramanmaras: Isik Mountain,

2,650 m, 2.7. 2013

C. aspera L.

Hatay: Near Saint Pierre Church,

160 m, 20.5. 2013

C. aurea (L.) Cass. subsp.
olympica (K. Koch.) Lamond*
C. biyhynica Boiss.

C. dioritica Schott & Kotschy
ex Boiss.*

C. dioscoridis L.

C. smyrnaea DC. ex Froehlich

Bursa: Uludag, 2,035 m, 29.7. 2013

Bursa: Uludag, 2,210 m, 30.7. 2013

Nigde: Bolkar Mountains, between Kiziltepe and Karagol,
2,600 m, 04.7.2013
Mugla: Datga, 80 m, 4.5. 2013

Ankara: Mahiye Tepe, 2,043 m, 30.6. 2013

Inceer 1031a

Insert 994

Insert 1043

Inceer 1045
Insert 1034

Inceer 984
Inceer 1012

*endemic to Turkiye, **vouchers are deposited in the KTUB herbarium

Stem Anatomy

For stem anatomy, transverse sections from the middle
parts of the stems fixed in FAA were taken by hand
using commercial razor blades (Inceer et al., 2016). The
transverse sections were stained with safranin and
then mounted in Entellan (Inceer et al., 2016). Five
well-permanent slides belonging to five individuals for
each taxa were performed (Inceer & Ozcan, 2021). The
anatomical structures were examined under the Leica
DM 4000B microscope.

Data Analysis

The data obtained from the anatomical characters
(epidermis cell length, epidermis cell width, cortex
thickness, row number of collenchyma, phloem
thickness, xylem thickness, vascular bundle width)
were evaluated with analysis of variance (one-way
ANOVA, Duncan’s multiple-range test), and principal
components analysis (PCA). The PCA and ANOVA
were performed with using Statistica version 12 and
SPSS version 17, respectively.
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RESULTS and DISCUSSION
Stem Anatomy

The stem anatomy of nine Crepis taxa is presented
from Tirkiye in detail for the first time. Sytematic
aspects for stem anatomy in the studied taxa were
provided. The present results show that all taxa
studied have similar anatomical structures (Figure 1),
but there are significant differences in the dimensions
of the anatomical characters among the taxa (Table 2).
In particular, the results obtained from ANOVA show
that there are considerable differences in the xylem
thickness among the taxa studied. Besides, epidermis
cell width has a less significant value than other
anatomical characters among the taxa.

The stems in the transverse sections were generally
more or less rounded in shape. The epidermis covered
by a thin cuticle layer is single-layered. The length of
the epidermal cells ranges from 12.61+0.93 um in C.
bithynica to 16.06+1.26 um in C. dioscoridis (Table 2).
The width of epidermal cells varies from 13.83+1.86
um in C. alpestris to 20.54+5.46 um in C. aspera. The
cortex is composed of collenchyma, parenchymatous
cells as well as endodermis. Its thickness ranges from
83.77+9.86 um in C. dioritica to 147.82+7.76 pm in C.
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aspera. Within the taxa examined, vascular bundles
are collateral, phloem and xylem are clear. Cambium
is not visible between the phloem and the xylem. The
phloem thickness ranges from 44.94+7.95 pym in C.
dioscoridis and 121.59+11.50 um in C. aspera. The
xylem thickness and vascular bundle wideness vary
from 95.16+5.32 um and 94.55+0.61 in C. dioritica to
400.57+4.03 um and 214.11+1.44 in C. aspera,
respectively (Table 2). The path is composed of large
and round parenchymatic cells (Figure 1). Similar
findings are reported from other species of Crepis
(Metcalfe & Chalk, 1979; Crivellaro & Schweingruber,
2015; Inceer et al., 2016).

Within the studied taxa, C. alpestris, C. aurea subsp.
olympica and C. bithynica are found in the same
ecological environment in the alpine region of Uludag
in Bursa. According to the results of ANOVA, there is
no significant difference in all anatomical characters
between C. aurea subsp. olympica and C. bithynica. On
the other hand, significant differences are found in the

cortex thickness, the phloem thickness, and the
vascular bundle width between C. alpestris and the
other two taxa.

Some Crepis taxa are characterized by having
scapiform, that is one-headed stems bearing few or no
leaves (Babcock, 1947a, b; Lamond, 1975). The results
obtained from stem anatomy indicate there is a
significant difference in the xylem thickness between
caulescent species and saliferous taxa. As seen in
Table 2, except for C. armena, the xylem 1is
significantly more thinner in scapigerous taxa, namely
C. alpestris, and C. aurea subsp. olympica, C.
bithynica, and C. dioritica, then caulescent species,
namely C. amanica, C. aspera, C. dioscoridis, and C.
smyrnaea.

The present results show that well-lignified
sclerenchymatous cells are found between vascular
bundles in C. amanica and C. aspera (Figure 1). A
similar finding is reported from the endemic species
Crepis macropus in Tiirkiye (Inceer et al., 2016).

Table 2. Differences in anatomical characters (mean value +SD) of the stem in the Crepistaxa studied. Among the taxa in the same column,

the mean values with different letters are significant at p=0.05
Cizelge 2 Caligilan Crepis taksonlarinda gévdenin anatomik karakterlerindeki (ortalama degertstandart sapma) farkliliklar.

Taxa Epidermis cell Epidermis cell Cortex Cr Phloem Xylem Vascular
length (um) width(um) thickness (um) thickness(um) thickness (um) bundle
width(um)
C. alpestris 12.81+1.06ab 13.83+1.86a 136.64+19.17ef 3-4 76.25+6.34cd 97.60+27.48a 131.76+26.42¢
C. amanica 14.03+1.22abc 15.66+2.14a 111.02+14.80cd 3-6 63.64+10.07bc 219.40+6.69c¢ 158.80+8.42d
C. arena 14.64+1.06bcd 16.06+0.93a 105.53+7.64bc 2-3 90.48+3.13e 144.16+10.32b 130.13+4.97c
C. aspera 15.66+0.29¢cd 20.54+5.46b 147.82+7.76f 2-5 121.59+11.50f 400.57+4.03d 214.11+1.44e
C. aurea
subsp. olympica 13.62+1.54ab 14.03+1.61a 89.67+9.82ab 2-3 59.58+3.01b 95.57+7.07a 99.43+1.61ab
C. bithynica 12.61+0.93a 14.23+1.76a 89.06+6.01ab 2-3 54.70+7.35ab 103.50+14.49a 98.21+8.21ab
C. dioritica 13.83+1.27abc 14.84+0.93a 83.77+9.86a 1-2 51.04+4.97ab 95.16+5.32a 94.55+0.61a
C. dioscoridis 16.06+1.26d 20.13+2.36b 127.49+18.02de 2-4 44.94+7.95a 130.95+9.61b 117.73+9.60bc
C. smyrnaea 13.83+0.35abc 15.86+0.61a 111.43+14.64cd 2-3 77.88+12.11de 197.44+6.26¢ 195.40+13.16e
Fsi18=3.782 Fs18=3.963 Fs15=11.843 Fs15=27.843 Fs15 =148.384 Fs18=45.935
»<0.01 p<0.01 »<0.001 p<0.001 p<0.001 »<0.001

Ayni sutundaki taksonlar arasindaki farkli harflere sahip ortalama degerler, p = 0.05 diizeyinde énemlidir

Cr: row number of collenchyma

Endemic species Crepis dioritica and C. macropus
were grouped within clade V in the molecular
phylogenetic context of the genus Crepis (Enke &
Gemeinholzer, 2008; Enke, 2009). The present results
show that C. dioritica has less lignified
sclerenchymatous cells than C. macropus between
vascular bundles. Besides, C. dioritica has more thin
xylem thickness (95.16+5.32 pm) than C. macropus
(194.18+15.29 pnm, Inceer et al., 2016). On the other
hand, the cambium is not visible in C. dioritica, while
the cambium is visible in C. macropus (Inceer et al.,
2016). These anatomical traits can be used as
additional data to support the morphological
separation of C. dioritica from its relative C. macropus.

Glandular or non-glandular trichomes can be found in
epidermal cells of the stem in some members of Crepis
(Krak & Mraz, 2008). Within the studied taxa, the
epidermis contains glandular (uniseriate with
unicellular head) and non-glandular trichomes
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(uniseriate filiform trichomes with elongated apical
cells) (Figure 2), except for C. aurea subsp. olympica
and C. dioscoridis have stem surfaces without hairs,
which is in line with the results of Lamond (1975).
Within the studied taxa, the epidermis of C. armena,
C. bithynica, and C. dioritica have glandular
trichomes. Likewise, glandular trichomes on the stems
of C. dioritica were previously reported by Lamond
(1975).

Within all Crepis taxa examined, the collenchyma is
under the epidermis. In addition, the cells of this tissue
cross vascular bundles. Similar results are reported for
the species of Scorzonera L. (Makbul et al., 2011). On
the other hand, the number of its rows differs among
the taxa (Table 2). As seen in Table 2, the highest row
number in the collenchyma is found in C. amanica,
whereas the lowest row number in the collenchyma is
present in C. dioritica. Crepis amanica is an annual
species 38-60 cm long and its stem is erect as well as
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rather stout (Babcock, 1947b; Lamond, 1975). Hence, important role in tensile stress in this species.
the collenchyma as supporting tissue may play an

Figure 1. Transverse sections of the stems in the Crepistaxa examined; a: C. alpestris, b: C. amanica, c: C.
armena, d: C. aspera, e C. aurea subsp. olympica, f: C. bithynica, g: C. dioritica, h: C. dioscoridis, 1: C.
smyrnaea. ep: epidermis, cl: collenchyma, co: cortex, ph: phloem, xy: xylem. Scale bars: 30 um (a, b, c, e,
g, h, 1), 50 pum (d, f)

Sekil 1. Incelenen Crepis taksonlarinda gévdelerin enine kesitleri; a:, C. alpestris, b-, C. amanica, ¢: C. armena,
d: C. aspera, e’ C. aurea subsp. olympica, - C. bithynica, g- C. dioritica, h- C. dioscoridis, I: C. smyrnaea.
ep: epidermis, cl: kollenkima, co: korteks, ph: floem, xy: ksilem. Olgekler: 30 um (a, b, c, e, g, h, i), 50 pm
(d, f)
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Figure 2. Trichomes in transverse section of the stem in Crepis; a: C. armena, b: C. dioritica, ¢c: C. smyrnaea. Scale

bars: 50 um

Sekil 2. Crepis’de govde enine kesitinde tiiyler; a: C. armena, b’ C. dioritica, ¢ C. smyrnaea. Olgekler: 50 pm

Principal Components Analysis

The results obtained from PCA analysis indicate that
PC1 and PC2 are composed of four groups based on
anatomical characteristics of the stem (Figure 3).
According to PCA data analysis, the first two PC
factors accounted for about 82% of the total variance
(Figures 3 and 4). As seen in Figure 4, the first factor
accounts for about 66% of the total variance, with the
mean thickness of the xylem having the highest
negative correlation (r = -0.92). The second factor
accounts for 16% of the total variance, with epidermis
cell length showing a negative correlation (r = -0.62).
These findings indicate that xylem thickness and
epidermis cell length explain most of the total
variation among the studied taxa.
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Figure 3. Results from the PCA of the Crepis taxa
based on stem anatomy
Sekil 3. Crepis taksonlarinin govde anatomisine dayali

temel bilesenler analiz sonuglari

CONCLUSION

This is the preliminary study on the taxonomic
evaluation of anatomical characters of the stem using
analysis of variance and principal components
analysis. According to the results of these analyses, the
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xylem thickness and epidermis cell length have a high
taxonomic value at an interspecific level to infer
anatomical variations among the studied taxa. In
particular, the xylem is thicker in caulescent species
(C. amanica, C. aspera, C. dioscoridis, and C.
smyrnaea) than scapigerous taxa (C. alpestris, C.
aurea subsp. olympica, C. bithynica and C. dioritica).
The caulescent species C. amanica and C. aspera have
also well-lignified sclerenchymatous cells between
vascular bundles in their stems. On the other hand, the
collenchyma may play an important role in tensile
stress in C. amanica.
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Figure 4. Results from the PCA of stem anatomy in
Crepis; ct: cortex thickness, cr: row number
of collenchyma, ecl: epidermis cell length,
ecw: epidermis cell width, pht: phloem
thickness, xyt: xylem thickness, vb:
vascular bundle width

Sekil 4. Crepis’de govde anatomisinin temel bilesenler

analiz sonuglari;, ct: korteks kalinligi, cr:
kollenkima sira sayisi, ecl: epidermis hicre
uzunlugu, ecw: epidermis hiicre genigligi,
pht: floem kalinligi, xyt: ksilem kalinhg ,
vbw: iletim demet genigligi
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ABSTRACT

With more than 400 species, the genus Potentilla has a wide distribution
causing morphological variations. Besides the wide distribution, many
conditions such as hybridization, introgression, autopolyploidy, and
allopolyploidy are observed in the genus. These can lead to
misidentifications and taxonomic problems. DNA barcoding studies are
important for species identification and solving taxonomic problems.
However, preferred DNA sequences may have different effects among
plant groups. Therefore, which DNA regions should be preferred is
important to obtain more comprehensive results. In this research, psbA-
trnH IGS sequences belonging to the Potentilla taxa were examined
based on their compatibility and analyzed variable sites, passim-info
sites, and nucleotide frequencies (%) for the region relevant by using
Molecular Evolutionary Genetics Analysis (MEGA 11). Finally, a
Maximum Parsimony (MP) dendrogram was performed to evaluate the
Potentilla taxa taxonomically and phylogenetically. As a result of this
study, it can be stated that the taxa belonging to the genus Potentilla
were well grouped in the dendrogram and the use of psbA-trnH IGS
sequences 1s strongly recommended for further studies.

OZET

Potentilla cinsi 400’den fazla tirle, morfolojik degisimlere neden olan
genig bir yayilisa sahiptir. Genis yayillisin yam1 sira, cinsteki
hibridizasyon, introgression, otopoliploidi ve allopoliploidi gibi bir¢ok
durum goézlemlenir. Bunlar, yanlis tanimlamalara ve taksonomik
problemlere yol agabilir. DNA barkodlama c¢aligmalari, tiir tanimlama ve
taksonomik problemlerin ¢éziimunde 6nemlidir. Ancak, tercih edilen
DNA sekanslari, bitki gruplar: arasinda farkl: etkilere sahip olabilir. Bu
nedenle, hangi DNA bolgelerinin tercih edilmesi gerektigi daha kapsaml
sonuclar elde etmek i¢in oOnemlidir. Bu c¢alismada, Potentilla
taksonlarina ait psbA-trnH IGS sekanslar1 uyumluluklar: acisindan
incelendi ve variable bolgeler, parsim-info bélgeler ve ilgili bolge igin
niikleotit frekanslari (%) Molecular Evolutionary Genetics Analysis
(MEGA 11) kullanilarak analiz edildi. Son olarak, Maximum Parsimony
(MP) dendrogram taksonomik ve filogenetik olarak Potentilla
taksonlarini degerlendirmek i¢in olusturuldu. Calismanin sonucu olarak
Potentilla cinsine ait taksonlarin dendrogramda iy1 gruplandigi ve psbA-
trnH IGS sekanslarinin daha sonraki ¢aligmalarda kullaniminin fayda
saglayacag soylenebilir.
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INTRODUCTION regions where the genus Potentilla has the highest

The genus Potentilla L. (Rosaceae) comprises more
than 400 species with a wide distribution area in the
world (Sojak, 2008; Sojak, 2009; Persson et al., 2020a;
Yilmaz, 2023a,b). Especially temperate zones of the
northern hemisphere and its boreal parts are the

species number and diversity (Bean, 2015; Yilmaz,
2023a).

There are still many problems in the evaluation of the
genus Potentilla taxonomically and aspect of its
species identification concept. In other words, species
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names, and their positions as taxonomically and
phylogenetic relationships based on variations
determined are controversial for the genus and
continue the discussions based on the many genera
circumstances within the family Rosaceae by the
taxonomists (Lundberg et al., 2009; Dobes & Paule,
2010; Eriksson et al., 2022). Besides the changes in
species names, many taxa have been transferred to
other genera or described within different genera every
day. Especially, the relationships between the genus
Potentilla and Sibbaldia L. based on the identification
of some species, in addition to their taxonomic
positions of taxa evaluated within Potentilla or
Sibbaldia are highly variable and complex (Lundberg
et al, 2009; Eriksson et al., 2015). Similar
relationships are observed between the genus
Potentilla and Argentina Hill. in the studies by Sojak
(2010) and Feng et al. (2014).

Essentially, the mistakes in the definition and
taxonomic status of species are the most important
reasons for making problematic and hard to
understand the genus. Although morphological
characters are very useful and important in the species
description and even determination of variations, it is
inadequate in plant groups such as Potentilla that
have species showing high variations. Polyploidy is a
common observed and well-known phenomenon for
Potentilla species. Furthermore, this process is very
significant to understanding the speciation and later
in the evolution of the Potentilla taxa. It is stated that
many species evolved by hybridization and
polyploidization (Tépel et al., 2011; Persson et al.,
2020b). In other words, it can be stated that both
hybridization and polyploidization are important
processes in the evolution of Potentilla taxa (Potter et
al.,, 2007; Paule et al., 2011, 2012; Persson et al.,
2020a). As a result, many Potentilla taxa have variable
chromosome numbers from diploid to hexadecaploid
(16x) (Kalkman, 2004). Besides the Potentilla taxa
with variable chromosome numbers, it is observed that
Potentilla species are exhibiting different chromosome
numbers in different locations (IPCN; Kechaykin et al.,
2016; Schanzer et al., 2020).

Another case increasing the complexity of Potentilla
taxa in the aspect of taxonomics and phylogenetics is
species diversity and their distributions. The genus
Potentilla is one of the biggest plant groups evaluated
within the family Rosaceae according to the species
number and distribution. In other words, the genus is
represented by the habitats showing distribution in
many parts of the world. All of these increase
hybridization, polyploidy, and the presence of taxa that
exhibit intermediate  morphological characters
between parent plants in the genus, as a result of
introgression and genetic drift.

The inadequacy of morphological characters caused by
all these stated cases makes it necessary to determine
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the new characters. Determination of molecular
characters and their use for the description of
problematic taxa in the aspect of specified features
especially gives very important results to overcome
such difficulties besides a more detailed evaluation of
the genus as phylogenetically. Especially, molecular
studies based on DNA sequence information of nuclear
or chloroplast genomes have been frequently used in
different plant groups. However, species identification
and separation ability of the barcoding region
preferred may exhibit variability in different plant
groups. For this reason, the using separately of
different DNA sequences containing gene and spacer
regions with as many taxa as possible provides
important information about which DNA sequences
must be preferred and which region combinations are
more useful for analysis. One of these which is been the
most important and frequently preferred for efficient
identification is a psbA-trnH region.

In this study, psbA-trnH intergenic spacer (IGS)
sequence information acquired from the National
Center for Biotechnology Information (NCBI) was
examined for 77 Potentilla taxa

1. to understand the species identification and

discrimination abilities

ii. to evaluate phylogenetic relationships of Potentilla
taxa based on the region preferred

1iil. to make a comparison with previous studies

iv. finally to make recommendations about the DNA
barcoding region preferred for further studies.

MATERIALS and METHODS

The sequence information of the psbA-trnH region for
all Potentilla taxa was first acquired from the NCBI
database. After all, data belonging to the psbA-trnH
sequence which are shared by different researchers
were collected, and it was observed the regions for
sequences related such as psbA gene/psbA-trnH
IGS/trnH gene, psbA-trnH IGS and psbA gene/psbA-
trnH IGS. Finally, the psbA-trnH IGS sequences were
extracted from these regions to make the most
accurate analysis using as many taxa as possible and
thus to reveal the discrimination ability of the region
examined more clearly. Although the sequence lengths
of many Potentilla taxa for the region examined are
compatible, it was observed the presence of
incompatibility in some taxa uploaded to NCBI by
different researchers. Essentially, it is commonly
observed that situations do not match the sequences in
the aspect of their lengths in many plant groups
(Yilmaz & Yeltekin, 2022). Therefore, the sequences
for each Potentilla taxon were analyzed based on their
compatibility, and compatible sequences were mostly
preferred for analysis (Appendix). Moreover, some
Potentilla taxa whose sequences were uploaded by
different researchers were represented by a few
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samples in the phylogenetic tree to show the accuracy
of the data in NCBI. In total, 77 Potentilla taxa
belonging to 91 samples for the psbA-trnH IGS region
were investigated to evaluate the phylogenetic
relationships and to understand the species
identification ability of the region preferred.

The analysis for the determination of variable sites,
passim-info sites, base substitutions, and nucleotide
frequencies, besides the phylogenetic tree, was
performed by using Molecular Evolutionary Genetics
Analysis (MEGA 11) (Tamura et al., 2021). Firstly, all
sequences for the Potentilla taxa were aligned and
then variable sites and parsim-info sites were
computed. Base substitution probabilities were
determined and shown in Table 1. Furthermore,
transitional and transversional base substitutions (%),
in addition to transition/transversion ratios for purines
and pyrimidines were determined and shown in Table
2. Nucleotide frequencies % as A+T/U and G+C of
psbA-trnH IGS sequences belonging to Potentilla taxa
were also computed.

Finally, the Maximum Parsimony (MP) dendrogram
that bootstrap values are reported on branches with
the option of hide values lower than 50% was provided
to evaluate the genus Potentilla as taxonomically and
phylogenetically, besides species identification and
separation abilities of the region examined for
Potentilla taxa. The positions with gaps and missing
data appearing as a result of multiple sequence
alignments were eliminated with the complete deletion
option of the program for more effective analyses, so it

is aimed to provide more meaningful and
comprehensive results.
RESULTS and DISCUSSION

psbA-trnH IGS sequences belonging to the Potentilla
taxa were extracted from psbA/trnH gene regions
provided by the NCBI database. In this study, a total
of 91 samples representing 77 Potentilla taxa were
analyzed in the aspect of species identification and
separation ability of psbA-trnH IGS sequences. Some
taxa were represented by a few samples and these taxa
were preferred from the data set loaded by different
times and researchers to evaluate the sequence
compatibilities and discrepancies in the NCBI

database. For this aim, firstly all psbA-trnH IGS
sequences of Potentilla taxa were aligned and then
variable and parsimony informative nucleotides were
determined. Variable sites and parsimony informative
sites were observed in 344 and 115 nucleotides,
respectively. In addition to the determination of
variable and parsimony informative nucleotides of
Potentilla taxa for the psbA-trnH IGS region, the
probabilities of base substitution were computed. The
highest base substitution was observed at the rate of
25.4% from C to T. After that, the second highest base
substitution was observed at the rate of 14.67% from G
to A (Table 1). Moreover, the rates (%) of transitional
and transversional base substitutions were computed
as 53.31% and 46.69%, respectively, by using the
substitution rate from one base to another base from
Table 1.

Table 1. The probability of substitution (r) from one
base (row) to another base (column) for psbA-
trnH IGS  sequences  (Transitional
substitutions are shown in bold)

Cizelge 1. psbA-trnH IGS sekanslari igin bir bazdan
digerine degisim olasiliklari (Transisyonel
baz degisimleri koyu renkli gésterilir)

A T C G
A 9.01 1.97 7.69
T 8.11 - 5.55 4.25
C 8.11 25.4 - 4.25
G 14.67 9.01 1.97 -

The transition/transversion rate was determined as
1.80 for purines (ki), and 2.81 for pyrimidines (ks),
besides the overall transition/transversion rate
(R=0.82). Finally, nucleotide frequencies for psbA-
trnH IGS sequences belonging to the Potentilla taxa
were analyzed as 73.34% (A+T/U) and 26.66% (G+C).
As a result, it can be stated that psbA-trnH IGS
sequences for Potentilla taxa consist of A and T/U
bases at high levels.

All information such as alignment length, variable
site, passim-info site, transitional substitutions,
transversional substitutions, transition/transversion
rates, and nucleotide frequencies were shown in Table
2.

Table 2. The information of taxa examined based on psbA-trnH IGS sequences
Cizelge 2. psbA-trnH IGS sekanslar1 temelinde incelenen taksonlarin bilgisi

Taxon Alignment Variable Parsim-info Transitional Transversional Transition/Transversion rate Nucleotide

length (bp)  site site substitutions substitutions  Purines Pyrimidines Overall freq. (%)

(%) (%) (k1) (k) ®) A+T/U G+C

77 802 344 115 53.31 46.69 1.80 2.81 0.82 73.34 26.66
MP dendrogram was drawn to show the phylogenetic of sequences (Figure 1).

relationships of the taxa examined and to determine Many researchers in their studies based on

the species identification ability for the Potentilla taxa

phylogenetic relationships of the Potentilla taxa state
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the presence of six major clades (Anserina, Argentea,
Alba, Fragarioides, Ivesioid, and Reptans) in the genus
(Dobes & Paule, 2010; Tépel et al., 2011; Feng et al.
2017). The dendrogram separated the taxa into seven
groups based on psbA-trnH IGS sequences. The taxa
resolved in Group I (P. caulescens, P. nitida, P.
Bifloraand P. alba) are evaluated in the Alba clade. In
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other words, taxa belonging to the Alba clade were
grouped and formed a distinct group in the
phylogenetic tree. Similarly, it was observed that the
taxa evaluated in the Reptans clade (P. indica, P.

erecta, and P. reptans) were clustered together in
Group II.
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Figurel. MP tree provided from psbA-trnH IGS sequences of Potentilla taxa
Sekil 1. Potentilla taksonlarinin psbA-trnH IGS sekanslarindan elde edilen MP agaci
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The taxa belonging to the Argentea clade were
represented by the highest species number in the MP
dendrogram and clustered in other groups.
Furthermore, the taxa evaluated in the Argentea clade
formed the outmost groups in the dendrogram. Paule
et al. (2012) state in their study based on implications
of hybridization and cytotypic differentiation in the
speciation of P. alpicola that “Populations of P. collina
have been regarded rather as recent derivatives of the
hexaploid P. argentea. The observation of clones
within both P. alpicola and P. collina suggested a
possible apomictic mode of reproduction”. Moreover,
the case study of P. alpicola made by Paule et al. (2012)
shows that processes such as apomixis play a
significant role in the creation of polymorphism in the
genus Potentilla. In this study, when the relationships
among P. alpicola, P. collina, and P. argentea were
investigated, it was observed that the five samples of
these taxa were clustered together in Group III and
separated from other taxa belonging to the Argentea
clade. In other words, it can be stated that these three
taxa are closely related to each other phylogenetically.

P. argentea var. pseudocalabra was evaluated as an
intermediate between hexaploid P. argentea and P.
calabra by Paule et al. (2011). Here, P. calabra and P.
argentea var. pseudocalabra were clustered very
closely in Group VI and showed similarity
phylogenetically based on psbA-trnH IGS sequences.

Especially, molecular studies based on DNA sequence
information of nuclear or chloroplast genomes have
been frequently used in different plant groups.
Furthermore, combined analysis containing two or
more genes and spacer regions has been used by many
researchers to provide better phylogenetic resolution
and identification in plant groups.  However, the
species identification and discrimination capabilities of
DNA sequences preferred in the relevant plant group
should be known to obtain maximum benefit from the
DNA region used and then to use the right region
combinations, because the DNA regions preferred are
not equally effective in different plant groups.

Santos and Pereira (2018) state in their study that
cpDNA sequences are very important in species
identification and phylogenetic analysis in plants, in
addition to the importance of the region and region
combinations. Furthermore, they used the SPInDel
(Species  Identification by Insertions/Deletions)
approach to achieve better identification of plant
species by using the combination of variable length
sequences in cpDNA. As a result, when considered
alone, the regions having low discrimination ability
increased the separation ability with right region
combinations. Similarly, Gontcharov et al. (2004) state
that combined analysis is better than single-gene
analysis in the aspect of phylogenetic resolution and is
supported by morphological information.

7

In this concept, the studies based on species
identification abilities of different DNA sequences
have high importance to get better results in the future
with the right region combinations. It is stated in the
study on the importance of trnL/trnF IGS region in the
taxonomy of the genus Potentilla L. by Yilmaz (2023a)
that the region preferred has high variable sites and
grouping ability, in addition to strongly recommended
for further studies. Similarly, both ITS1 and ITS2
sequences between rDNA genes in the study made by
Yilmaz (2023b) are strongly recommended in the
phylogenetic evaluation of Potentilla taxa, besides
their determination of contribution levels. However,
rbeLs sequences were insufficient in the identification
and grouping of some Potentilla taxa according to the
phylogenetic tree (Yilmaz, 2023c). In other words, it
can be stated that rbcL sequences in the comparison of
other DNA regions provide less information in the
solving of taxonomic problems and analysis of
phylogenetic relationships.

Here, psbA-trnH IGS sequences were examined in the
aspect of species identification and separation abilities
for Potentilla taxa, besides phylogenetic evaluation.

Loera-Sanchez et al. (2020) state in their study based
on the identification of forage legumes and grasses
using trnH-psbA sequences that the barcoding region
examined is a promising candidate for efficient
identification and plant species richness assessments.
However, Yilmaz (2021) states in the study based on
comparisons of nuclear and chloroplast DNA regions in
the aspect of their species identification abilities for
Crocus L. taxa that the DNA region belonging to
partial psbA gene-psbA/trnH IGS-partial trnH gene
have not enough sequence variations (30 nucleotides)
for the identification of species, although it
phylogenetically separated some Crocus taxa.

As a result of this study, it can be stated that the psbA-
trnH IGS region separated the many Potentilla taxa
from each other and grouped them based on the clades
according to the phylogenetic tree. However, it was
insufficient in the complete solution of still existing

problems and the discrimination of all taxa
phylogenetically. The determinations of variable and
parsimony informative nucleotides give very

important information based on the phylogenetic and
taxonomic relationships for plant groups analyzed,
besides the species identification ability of the region
examined. Furthermore, the inconsistency between
both of them may show the sequence incompatibility
for the taxa analyzed. In this study, 344 variable
sequences and 115 parsimony informative sites were
determined for psbA-trnH IGS sequences of Potentilla
taxa. When the DNA sequences of each taxa were
examined, it was observed the variability in the
nucleotide sequences and sequence lengths of some
taxa. This is the main reason for the presence of a high
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Potentilla neumaniana CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla indica-1 CTTCGGAGTTTATTTATGGTGGCAAACT---ATTTA--------------TGATTTCC
Potentilla eversmannian CTTCGGCGTCCATCAAAGATAAC- TACAACCATCTATAGT- - G- AAAATAAGTGTGAC
Potentilla kleiniana C-GTTG- GATCCTAGTCTAGGATTCTCATGGACCGATAGTTTT- CGAATGC-TCCGAC
Potentilla elatior CCTCGGAGTTTTTTTATGGGGGC--ACT------=---------=--------GATTTCC
Potentilla crassinenia TCTGGGAGTCCACCAAAAAAAAC--ACC---TTCTT--------------TTATGTAC
Potentilla apennina TCTCGGAATTTTTTTATGGTGGC- -ACC- - ---=--=--=-----=--------TTATTTAC
Potentilla gelida CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla subviscosa var. subviscosa CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT- - TAAAAATAAGTGTGAC
Potentilla albiflora CTTCGGCGTTTATCTATGATGGC-TACA- -------------T-AAAATAAGTGTGAC
Potentilla pensylvanica-1 CTTCGGCGTTTATCTATGATGGC- TACA---ATGTATACTT-T-  AAAATAAGTGTGAC
Potentilla modesta CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla bipinnatifida CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla plattensis CTTCGGCGTCCATCAAAGATAAC-TACA---ATCTATACT--A-AAAATAAGTGTGAC
Potentilla millefolia CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla hippiana CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T- A AAAATAAGTGTGAC
Potentilla pulcherrima-1 CTTCGGCGTTTATCTATGATGAC-TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla gracilis var. glabrata CTTCGGCGTTTATCTATGATGGC- TACATTCATCTATACT--T-AAAATAAGTGTGAC
Potentilla gracilis var. flabelliformis CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla drummondii CTTCGGCGTTTATCTATGATGGC- TACA--CATGTATACT--T-AAAATAAGTGTGAC
Potentilla bruceae CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla morefieldii CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla concinna CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACTC-T- AAAATAAGTGTGAC
Potentilla brevifolia CTTCGACGTTTATCTATGATGGC- TACA---ATCTATACT--T- AAAATAAGTGTGAC
Potentilla flabellifolia CTTCGACGTTTATCTATGATGGC- TACA---ATCTATACT--T- A AAAATAAGTGTGAC
Potentilla cristae CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla simplex CTTCGGAGTTTATTTATGGTGGCAATCT- --AA--A---- - - -------TGTTTTCC
Potentilla freyniana CTTCGGCGTTTATTTATAGTGGC-TACA- ----------T--G-TAAATAAGATTTAC
Potentilla maura CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla pulcherrima-2 CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla bimundorum CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla eriocarpa TCTCGGATTTTATTTATGGTGGC- -ACT-----------------------GATT--C
Potentilla biflora TCTCGGAATTTTTTTATGGTGGC- - ACC- - - - - - - - - - - - - - - - - - - - TTATTTAC
Potentilla nitida-1 TCTCGGAATTTTTTTATGGTGGC- -ACC- - ---=--=--=-----=--------TTATTTAC
Potentilla caulescens-1 TCTCGGAATTTTTTTATGGTGGC- -ACC- - ---=--=--=-------------TTATTTAC
Potentilla nivea-1 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla argentea var. pseudocalabra CTTCGGCGTTTATCTATGATGGC- TACA--CATGTATAGT--T-AAAATAAGTGTGAC
Potentilla argentea-1 CTTCGGCGTTTATCTATGATGGC- TACAACGATCTATACA--T-AAAATAAGTGTGAC
Potentilla aurea-1 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla pusilla-1 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla crantzii CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla frigida-1 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla alpicola-1 CTTCGGCGTTTATCTATGATGGC- TACAACGATCTATACA--T-AAAATAAGTGTGAC
Potentilla alba CCTCGGAGTTTTTTTATGGTGGC--ACT----------------------TGAGTTCC
Potentilla grandiflora CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla anserina CCTCGGAGTTTATTTATAGTGGCTTACA- - - - - - - - - - - =--=--=-----AAAT-TTTAC
Potentilla incana-1 CTTCGGCGTTTATCTATGATGGC- TAGA- - CATCTATACT--T-AAAATAAGTGTGAC
Potentilla inclinata CTTCGGCGTTTATCTATGATGGC- TACAACGATCTATACA--T-AAAATAAGTGTGAC
Potentilla velutina CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla hirta subsp. laete CTTCGGCGTCCATCAAAGATAAC-TACA--CATCTATAGTCT- - AAAATAAGTGTGAC
Potentilla griffithii CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla pyrenaica CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT- AT- AAAATAAGTGTGAC
Potentilla pedata CTTCGGCGTCCATCAAAGATAAC-TACA--CATCTATAGT- - G- AAAATAAGTGTGAC
Potentilla nevadensis CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT- AT- AAAATAAGTGTGAC
Potentilla recta CTTCGGCGTCCATCAAAGATAAC-TACA--CATCTATAGT-- G- AAAATAAGTGTGAC
Potentilla erecta CTTCGGAGTTTATTTATGGTGGCAATCT---AA--A--------------TGATTTCT
Potentilla supina subsp. supina CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla clusiana TCTCGGAGTTTTTTTATGGTGGC- - ACC---TTCTT--------------TTATTTAC
Potentilla tanacetifolia CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACTT-T- AAAATAAGTGTGAC
Potentilla reptans-1 CTTCGGAGTTTATTTATGGTGGCAAACT-----AAACTTA--TTAATTCTTGATTTCC
Potentilla litoralis CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T- A AAAATAAGTGTGAC
Potentilla gracilis CTTCGGCGTTTATCTATGATGGC- TACA---AT-----------AAAATAAGTGTGAC
Potentilla hirta CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla umbrosa CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T- A AAAATAAGTGTGAC
Potentilla ornithopoda CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla nonvegica CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACTCAT- AAAATAAGTGTGAC
Potentilla leuconota -CTTGGATTTTATTTATAGTAAC- - - - - - - - - - - - - - - - - - - - - - - - -=----ATTTAT
Potentilla volgarica CTTCGGCGTTTATCTATGATGGC- TACAACCATCTATACT--T-AAAATAAGTGTGAC
Potentilla tergemina CTTCGGCGTCTATCAAAGATGGC-TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla multifida-1 CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla lapponica CTTCGGCGTTTATCTATGATGGC- TACAACGATCTATACA--T-AAAATAAGTGTGAC
Potentilla anachoretica CTTCGGCGTCCATCAAAGATAAC- TACAATCATCTATAGT- - G- AAAATAAGTGTGAC
Potentilla calabra CTTCGGCGTTTATCTATGATGGC- TAGA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla collina CTTCGGCGTTTATCTATGATGGC- TACAACGATCTATACA--T-AAAATAAGTGTGAC
Potentilla alpicola-2 CTTCGGCGTTTATCTATGATGGC- TACAACGATCTATACA--T-AAAATAAGTGTGAC
Potentilla pusilla-2 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla argentea-2 CTTCGGCGTTTATCTATGATGGC- TACAACGATCTATACA--T-AAAATAAGTGTGAC
Potentilla frigida-2 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla incana-2 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla brauniana CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAAAAAGTGTGAC
Potentilla aurea-2 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATAGT--T-AAAATAAGTGTGAC
Potentilla chinensis CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T- AAAAAAAGTGTGAC
Potentilla fragarioides var. major CTTCGGCGTTTATTTATAGTGGC- TACA-----------T--G-TAAATAAGATTTAC
Potentilla pensylvanica-2 CTTCGGCGTCCATCAAAGATAAC-TACA--CATCTATAGT- - G- AAAATAAGTGTGAC
Potentilla multifida-2 CTTCGGCGTTTATCTATGATGGC- TACA---ATCTATACT--T-AAAATAAGTGTGAC
Potentilla nivea-2 CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
Potentilla nitida-2 TCTCGGAATTTTTTTATGGTGGC- - ACC- - - - - =--=--=--=-----=------TTATTTAC
Potentilla caulescens-2 TCTCGGAATCCACCAAAAAAAAC--ACC-=-=-=->-=-=-=-=-=-=-=-=-=-=--------TTATTTAC
Potentilla reptans-2 CTTCGGAGTTTATTTATGGTGGCAAACT-----AAACTTA--TTAATTCTTGATTTCC
Potentilla indica-2 C- GTTGACATACTTTTTGGGGTTAAACT---------------AAGGACCAAGGGGGG
Potentilla thuringiaca CTTCGGCGTTTATCTATGATGGC- TACA--CATCTATACT--T-AAAATAAGTGTGAC
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Potentilla neumaniana GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla indica-1 GCTATACGCTAATTG- - TTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGG

Potentilla eversmannian GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla kleiniana CCCATTTGCAGATAAACCTTTAGGTGATTTCATTTACAGTTTATCAGCAATACGAAG

Potentilla elatior GCG- - - - - TAATAGGTTTAATAGTAATTCATCGTGTAGTTAA-TTTT------AGA

Potentilla crassinenia - - - - - - - - - - - AT----TTAAAAGTAATTCATCGTGTGGTTTATTTTA------AGA

Potentilla apennina GCT------TAATTGATTTAAAAGTAATTCATCGTGTGGTTTATTTTA------AGA

Potentilla gelida GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla subviscosa var. subviscosa GCTATTTAATAATTGATTTTTAAGTAATTCAACGTTTAGG- - - - - - = = = = - - - - - - -

Potentilla albiflora GCTATTTAATAATTGATTTTTAAGTAATTCGACGTGTAGGTTATTTGA- ----- AGA

Potentilla pensylvanica-1 ACTATTTAATAATTGATTTTTATGTAATTCAACGTGTAGGATTTTTGA------AGA

Potentilla modesta GCTATTTAATAATTAATTTTTAAGTAATTCAACGTGTAAGTTCTTTGA- -----AGA

Potentilla bipinnatifida GCTATTTAATAATTAATTTTTAAGTAATTCAACGTGTAAGTTCTTTGA- -----AGA

Potentilla plattensis GCTATATAATAATTGATTTTTAAGTAATTCAACGTGTATGTTATTTGA- -----AGA

Potentilla millefolia GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla hippiana GCTATATAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- ---- - AGA

Potentilla pulcherrima-1 GCTATATAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla gracilis var. glabrata GCTATTTAATACTTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla gracilis var. flabelliformis GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- ---- - AGA

Potentilla drummondii GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla bruceae GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- ----- AGA

Potentilla morefieldii GCTATATAATAATTGATTTTTAAGTAATTCAACGTGTATGTTATTTGA- -----AGA

Potentilla concinna GCTATATAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla brevifolia GCTATTTAATAATTGATTTTTATGTAATTCAACATGTAGGTTTTTTGA- ----- AGA

Potentilla flabellifolia GCTATTTAATAATTGATTTTTATGTAATTCAACATGTAGGTTTTTTGA- ----- AGA

Potentilla cristae GCTATTTAATAATTGATTTTTATGTAATTCAACGTGTAGGTTTTTTGA- ----- AGA

Potentilla simplex GCT------TCATTGT-TTTTAAGTAATTCAACGTGTAGGTTATTTGA------AGG

Potentilla freyniana GCTATTTAATAATTGATATTTAAGTAATTCAACGTGTAGGTTACTCGC- -----A?A

Potentilla maura GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- ----- AGA

Potentilla pulcherrima-2 GCTATATAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla bimundorum GCTATTTAATAATTAATTTTTAAGTAATTCAACGTGTAGGTTCTTTGA- -----AGA

Potentilla eriocarpa GCTATA- - - - AATTGAATTAAAATTAATTAATCGTGTAGTTTATTTTT- - ----TA-

Potentilla biflora GCT------TAATTGA- TTAAAAGTAATTCATCGTGTGGTTTATTTTA------AGA

Potentilla nitida-1 GCT------TAATTGATTTAAAAGTAATTCATCGTGTGGTTTCTTTTA------AGA

Potentilla caulescens-1 GCT------TAATTGA-TTAAAAGTAATTCATCGTGTGGTTTATTTTA------AGA

Potentilla nivea-1 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTATGTTATTTGA- -----AGA

Potentilla argentea var. pseudocalabra GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTAATTTGA- ---- - AGA

Potentilla argentea-1 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGTTTATTTGA- -----AGA

Potentilla aurea-1 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla pusilla-1 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla crantzii GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla frigida-1 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla alpicola-1 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGTTTATTTGATTAGGCAGA

Potentilla alba GCG------TAATTGA- TTAAAAGTAATTGATTGTGTAGTTTATTTTT------TGA

Potentilla grandiflora GCTATTTAAAAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGG

Potentilla anserina GAT- -----TGAATGC- TACCATA- GGGGTATCGGGCAGTTAATTATAATTATTAAA

Potentilla incana-1 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla inclinata GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGTTTATTTGATTAGGCAGA

Potentilla velutina GCTATTTAATAATTGATTTTTAAGGAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla hirta subsp. laete GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla griffithii GCTATTAAATAATTGATTTTTTTGTAATTCAACGTGTATGTTTTTTGA- -----AGA

Potentilla pyrenaica GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla pedata GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- ----- AGA

Potentilla nevadensis GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla recta GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla erecta GCTTCGTT- TAATTG- TTTTTAAGTAATTCAACGTTGAGGTTAATTGA------AGG

Potentilla supina subsp. supina GCTATTTAATAATTGATCATTAAGTAATTCAACGTGTAGGTTATTTGA- ---- - AGA

Potentilla clusiana - - - - - - - - - - - AT----TTAAAAGTAATTCATCGTGTGGTTTATTTTA------AGA

Potentilla tanacetifolia ACTATTTAATAATTGATTATTATGTAATTCAACGTGTAGGTTTTTTGA- ----- AGA

Potentilla reptans-1 GCTTCGCT- TAATTGT- TTTTAAGTAATTCAACGTGTAGGTTCTTTGA- -----AGG

Potentilla litoralis GCTATTTAATAATTAATTTTTAAGTAATTCAACGTGTAGGTTCTTTGA- -----AGA

Potentilla gracilis GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla hirta GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla umbrosa GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla ornithopoda GCTATTTAAT- ATTGATTTTTATGTAATTCAACGTGTAGGTTTTTTGA- -----AGA

Potentilla nonegica GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla leuconota GATATTAAATAAATGACAATTAA- - GAGGCATTGGGCAGTGAAATATA- - - ---AAA

Potentilla wlgarica GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla tergemina GCTATTTAAT- ATTGATTTTTATGTAATTCAACGTGTAGGTTTTTTGA- -----AGA

Potentilla multifida-1 GCTATTTAAT- ATTGATTTTTATGTAATTCAACGTGTAGGTTTTTTGA- -----AGA

Potentilla lapponica GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGTTTATTTGA- -----AGA

Potentilla anachoretica GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTTTTTGA- ----- AGA

Potentilla calabra GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTAATTTGA- -----AGA

Potentilla collina GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGTTTATTTGA- -----AGA

Potentilla alpicola-2 GCTATTTAATATTTGATTTTTAAGTAATTCAACGTGTAGTTTATTTGA- -----AGA

Potentilla pusilla-2 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla argentea-2 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGTTTATTTGATTAGGCAGA

Potentilla frigida-2 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla incana-2 GCTATTTAATCATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA------AGA

Potentilla brauniana GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla aurea-2 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla chinensis GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla fragarioides var. major GCTATTTAATAATTGATATTTAAGTAATTCAACGTGTAGGTTATTTGC- ----- AGA

Potentilla pensylvanica-2 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Potentilla multifida-2 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTTTTTGA- -----AGA

Potentilla nivea-2 GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTATGTTATTTGA- -----AGA

Potentilla nitida-2 GCT------TAATTGA-TTAAAAGTAATTCATCGTGTGGTTTCTTTTA------AGA

Potentilla caulescens-2 GCT------TAATTGA- TTAAAAGTAATTCATCGTGTGGTTTATTTTA------AGA

Potentilla reptans-2 GCTTCGCT- TAATTGT- TTTTAAGTAATTCAACGTGTAGGTTCTTTGA- -----AGG

Potentilla indica-2 ATTGTTAATTTCGCGATTTATTAAGAGT- -GTT- TATATTATAACAAATATATTAGG

Potentilla thuringiaca GCTATTTAATAATTGATTTTTAAGTAATTCAACGTGTAGGTTATTTGA- -----AGA

Figure2. Potentilla taxa and Parsimony informative sites belonging to psbA-trnH IGS sequences (The numbers
show variable nucleotides)

Sekil 2. Potentilla taksonlar: ve pshA-trnH IGS sekanslarina ait Parsimony informative bélgeler (Sayilar degisken
niikleotitleri gdsterir)
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level of the variable nucleotide number. In other
words, most of the sequence variations between
Potentilla taxa examined are caused by the change of
only a nucleotide. Parsimony informative sites
observed in 115 nucleotides show the accuracy of this
(Figure 2).

CONCLUSION

Although morphological characters are very important
tools in the identification and classification of species,

many times they can be also reasons for
misclassifications in some plant groups because of
some situations such as wide geographical

distribution, geomorphological structure and climatic
changes, hybridization, introgression, autopolyploidy,
and allopolyploidy. The genus Potentilla with species
over 400 exhibits all situations that may cause changes
in morphological characters and thus
misidentification. In other words, the discrepancies
observed in the MP dendrogram can be caused by
situations such as misidentifications of the taxa,
missing data caused by sequencing, or labeling errors
in accessions. Although combined analysis containing
different DNA sequences is very important in the
solving of problems stated, it is necessary to have
knowledge about which DNA regions are more useful
and then, which region combinations will provide more
advantage.

Finally, it can be stated that the taxa belonging to the
genus Potentilla were well grouped in the dendrogram
and the using of psbA-trnH IGS sequences is strongly
recommended for further studies with the combination
of the regions with the ability to reveal the
phylogenetic relationships.
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ABSTRACT Biochemistry
Psephellus huber-morathii (PH) is an endemic species in the Eastern
Anatolia Region. In this study, besides the biological activities of the Research Article

70% methanol extract of PH, its comprehensive phytochemical
composition was investigated. The phenolic composition of the PH

Article History

extract was analyzed using the UHPLC-MS/MS method. To evaluate its Received 1 08.08.2023
antimicrobial characteristics, the microdilution technique was Accepted 119.12.2023
employed. The antioxidant capabilities and total phenolic and flavonoid

contents of the extract were determined using the spectrophotometer. Keywords

Additionally, the effects of the extracts on cell proliferation and NCI-60 Psephellus huber-Marathi
survival parameter values were assessed using the MTT assay. Quinic Antimicrobial

acid and chlorogenic acid were major compounds. The extract showed Antioxidant

high antioxidant activity in DPPH (IC50:13.9£0.4 pg mL1) and FRAP Antiproliferative

(61.3+2.3 mg TE g extractl) methods. The total phenolic and flavonoid LC-MS/MS

contents of the extract were found as 52.2+1.9 mg GAE g extract! and
28.6+£0.9 mg QE gextract!, respectively. Discussion: The extract showed
low antiproliferative activity against normal lung and retinal cell lines,
promising anticancer effects on gynecological and colon cancer cells, and
moderate antimicrobial activity against Bacillus cereus and
Enterococcus faecium. The study demonstrated the medicinal potential
and value of PH extract against infectious diseases and cancer.

Psephellus huber-Marathi (Wagenitz) Wagenitz'in Potansiyelini Kegfetme: Fitokimyasal Bilegiminin
Kapsamli Bir UHPLC-MS/MS Analizi ve Antioksidan, Antimikrobiyal ve Antiproliferatif Aktivitelerinin
Degerlendirmesi

OZET

Psephellus huber-morathii (PH), Dogu Anadolu Bélgesi'nde endemik bir
turdir. Bu calismada PH'nmin %70 metanol ekstraktinin biyolojik
aktivitelerinin yani sira kapsamh fitokimyasal bilesimi de
incelenmigtir. PH ekstraktinin fenolik bilesimi, UHPLC-MS/MS
yontemi kullanilarak analiz edildi. Antimikrobiyal o6zelliklerini
degerlendirmek igin mikrodilisyon teknigi kullanildi. Ekstrenin
antioksidan ozellikleri, toplam fenolik ve flavonoit igerikleri
spektrofotometre kullanilarak belirlendi. Ek olarak, ekstraktlarin
hiicre proliferasyonu ve NCI-60 sagkalim parametre degerleri
uzerindeki etkileri, MTT deneyi kullanilarak degerlendirildi. Kinik asit
ve klorojenik asit major bilesiklerdi. Ekstrakt, DPPH (IC50:13.9+0.4 ng
mL1) ve FRAP (61.3+2.3 mg TE g ekstrakt!) yontemlerinde yiiksek
antioksidan aktivite gostermistir. Ekstraktin toplam fenolik ve
flavonoid igerikleri sirasiyla 52.2+1.9 mg GAE g ekstrakt?! ve 28.6+0.9
mg QE g ekstrakt?® olarak bulundu. Ekstrakt, normal akciger ve retina
hiicre hatlarina kars1 dusiik antiproliferatif aktivite, jinokolojik ve
kolon kanser hitcreleri tizerinde umut verici bir antikanser etki ve
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Bacillus cereus ve FEnterococcus faecium'a Kkarsi
antimikrobiyal aktivite gosterdi. Calisma, PH ekstraktinin bulasici

orta derecede

hastaliklara ve kansere karsi tibbi potansiyelini ve degerini
gostermigtir.
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INTRODUCTION problems alone or in combination with other herbs

Medicinal plants have been used for a long time by
many communities as they are rich in natural
phytochemicals (phenolic acids, flavonoids, tannins,
phenolic diterpenes, terpenoids, vitamins, essential
oils, and other biological metabolites). It is crucial to
discover the phytochemicals of medicinal plants, to
research and assess their therapeutic and bioeconomic
potentials, the possible applications in the medical
industries, and biological functions. Particularly
phenolic derivatives of bioactive chemicals have
biological effects that are anti-inflammatory,
antibacterial, antimicrobial, and antioxidant. They are
also used successfully as a natural medicine and
various treatment methods due to their
antiproliferative properties that suppress various
tumors or prevent a poor prognosis (Rios & Recio, 2005;
Chanda & Nagani, 2013; Tarhan et al., 2022). Tiirkiye
has a unique and diverse botanical heritage with over
11,700 plant species. Numerous species are both
endemic and have medicinal uses. Plants show many
medicinal properties and biological activities with
many important compounds such as alkaloids,
sesquiterpene lactones, and flavonoids in their
compositions (Giicli et al., 2022). For this reason,
elucidating the phytochemical compositions and
biological activities of plants will guide their medicinal
uses. One of the significant plant families in Turkiye is
Asteraceae, which comprises 190 species, 112 of which
are endemic. Psephellus huber-morsathii (PH)
(synonym Centaurea huber-morathil) is a member of
the Asteraceae family and an endemic species in
Erzincan, Tirkiye (Aydin et al., 2013). There is no
study in the literature about the traditional use of PH
in Turkiye. However, many plants from the Psephellus
genus are utilized in traditional medicine in Tirkiye.
It was reported that plants from the Psephellus genus
have antipyretic, hemorrhage, and wound-healing
effects (Altundag et al., 2013; Ozcan, 2013) and they
are used as antidiabetic, antibacterial, and for stomach
disorders (Orallo et al., 1998; Arif et al., 2004; Giiven
et al., 2005). Also worldwide, Psephellus species are
traditionally used for treating diarrhea, dandruff,
rheumatism, inflammation, digestive issues,
hypertension, fever, infections, and menstrual
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(Farrag et al., 1993; Barrero et al., 1997; Orallo et al.,
1998; Khammar & Djeddi, 2012).

The pharmacological and medicinal properties of PH
are not investigated in detail. There are limited studies
in the literature that investigate the Dbiological
activities and phytochemical profile of PH. In previous
studies, the phytochemical profile of the methanol
extract of PH seeds by HPLC (Shoeb et al., 2007), its
antibacterial, and antioxidant activity (Sarker, 2005),
and its antiproliferative activity against colon cancer
(Sarker et al., 2007) were reported. In addition, the
essential oil profiles of the seeds were determined
(Baser et al., 2006). However, there is only one study
examining the total phenolic content (TPC),
antioxidant, antimicrobial, antityrosinase, and
anticholinesterase activities of the methanol extract of
PH aerial parts (flowers, leaves, stem, and roots)
(Korkmaz et al., 2019). Several studies reported the
phytochemical compositions, and antioxidant,
cytotoxic, and anti-inflammatory activities of other
Psephellus species (Shoeb et al., 2007; Zengin et al.,
2010; Polatoglu et al., 2015; Demiroz, Nalbantsoy,
Kose, & Baykan, 2020). The phytochemical
composition of PH was determined by the high-
sensitivity liquid chromatography-mass spectrometry
(UHPLC-MS/MS) technique in any study. Also, the
total flavonoid content (TFC), the cytotoxic activity,
and its efficacy against other types of cancer (brain and
gynecological) of PH were not studied. In this study,
the phytochemical composition of the hydroalcoholic
extract of PH was determined by the UHPLC-MS/MS
method. Apart from the antioxidant and antibacterial
properties of PH extract, total phenolic, and flavonoid
contents, antiproliferative and cytotoxic activities of
the plant were evaluated for the first time.

MATERIALS and METHODS

Plant materials

PH was collected during the flowering period from
subalpine grasslands on Péske Mountain in Erzincan
Province, Tiirkiye, on 26 June 2022 (2069 meters above
sea level). The plant was dried in dark suitable drying
areas at room temperature and the taxonomic
descriptions of its materials were provided by
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taxonomist Prof. Dr. Ali Kandemir, Erzincan Binali
Yildirim University, Faculty of Arts and Sciences,
Department of Biology. Authentic samples (ID
number: 10862) were stored in the Biology Department
Herbarium, Erzincan Binali Yildirim University.

Preparation of extracts

Air-dried aerial parts of the plant were finely ground
using a laboratory mill (5-20 mm). 10 g plant materials
were macerated overnight with 500 mL of 70%
methanol (the ratio of methanol: water, 70:30, v/v) and
filtered. The extraction process was repeated three
times. The methanol was evaporated, and the
remaining water was lyophilized to give an amorphous
solid. The yield of the extraction procedure was 19%.

Table 1 Chromatographic conditions.
Cizelge 1 Kromatografik sartlar

The obtained powder (1.9 g) was stored at +4 °C for L.C-
MS/MS characterization and antioxidant,
antimicrobial, and antiproliferative activity studies.

Mass and chromatographic conditions

A Shimadzu-8040 model ultra-high performance liquid
chromatography device (UHPLC) equipped with an
autosampler (SIL-30AC), a column oven (CTO-
10ASvp), dual pumps (LC-30AD), a degasser (DGU-
20A3R) and MS/MS detector (8040) was used for the
phytochemical characterization of PH. The phenolic
compounds were quantified using a validated UHPLC
method. Table 1 displays the chromatographic
conditions of the method (Yilmaz, 2020).

Parameters Conditions

Column Agilent Poroshell 120 EC-C18 model (150 mmx2.1 mm, 2.7 pm)

Temperature 40°C

Mobil phase Mobile phase A: (Water: 5 mM ammonium formate: 0.1% formic acid)
Mobile phase B: (Methanol: 5 mM ammonium formate: 0.1% formic acid)

Flow rate 0.5 mL min!

Injection volume 5 uL

Gradient Elution

20-100% B (0-25 min), 100% B (25-35 min), 20% B (35-45 min)

A Shimadzu LCMS-8040 model mass spectrometer
with negative electrospray ionization mode (ESI) in the
UHPLC system was used for detection. Mass
conditions and collision energies (CE) were optimized
for the qualitative and quantitative determination of
phytochemical compounds. Mass conditions are given
in Table 2. Data from the mass detector was recorded
and processed by LabSolutions software (Shimadzu).
The 56 compounds were identified and quantified
using the multiple reaction monitoring (MRM) mode.

Table 2 Mass conditions
Cizelge 2 Kiitle sartlari
Parameters
Mass spectrometer
Tonization Mode

Conditions
Shimadzu LCMS-8040
Electrospray ionization (ESI)

Drying gas (N2) flow 15 L min!
Nebulizing gas (N2) flow 3 L min!
DL temperature 250°C
Heat block temperature  400°C
Interface temperature 350°C

Antioxidant activity assays

In-vitro free radical scavenging (DPPH), the ferric ion
reducing antioxidant power (FRAP), TPC, and TFC of
extract of PH were assessed as antioxidant parameters
by using spectrophotometric techniques.

DPPH" free radical scavenging activity

Shimada's method was used for the free radical
scavenging activity of the extract with a small
modification (Sipahi et al., 2022). Stock solutions of
extract and standard (1 mg mL') were prepared. A
0.026 M DPPH" (2,2-diphenyl-1-picryl hydrazine)
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solution was prepared using methanol. 5, 10, 25, 50,
75, 100, 200, and 250 pg mL! solutions were prepared
by diluting the stock solution to 3 mL with methanol.
1 mL of DPPH" solution was added to each solution.
The mixture was vortexed and incubated in the dark
at room temperature for 30 minutes. The absorbances
of all solutions at 517 nm against a blank were
recorded using a spectrophotometer. The absorbance
values obtained were converted to % activity, and the
ICs0 (ug mL1) for PH extract was calculated. Trolox
was used as a positive control. All tests were repeated
three times, and the test data were given as mean +

standard deviation.
% activity pppa = 100 x [Acontrol-(Asample-Ablank)] / Acontrol

Ferric-ion reducing antioxidant power (FRAP) assay

Oyaizu's method was applied with minor modifications
for the ferric-ion-reducing power of the extract (Aksit
et al, 2022). Trolox was used as the reference
standard. Stock solutions of the extract and Trolox
were prepared at a concentration of 1 mg mL1,
separately. 0.25 mL of the extract was made up to 1.25
mL with 0.2 M phosphate buffer (pH 6.6) and then 1.25
mL KsFe(CN)s (1%) was added. The mixture was
incubated at 50 °C for 20 minutes and cooled at room
conditions. Following  incubation, 1.25 mL
trichloroacetic acid (10%) and 0.25 mL iron (III)
chloride (0.1%) were added and the final mixture was
vortexed. The absorbance of the mixture at 700 nm was
measured. A calibration curve was created from
different concentrations (5-400 pg mL1) of Trolox and,
the result was converted to mg Trolox equivalent (TE)



KSU Tarim ve Doga Derg 27 (4), 782-792, 2024
KSU J. Agric Nat 27 (4), 782-792, 2024

Arastirma Makalesi
Research Article

activity g extract! using that calibration curve. The
tests were done six times, and the results were given
as mean values with standard deviations.

Total phenolic content

The TPC of the extract was determined by
spectrophotometer using the Folin-Ciocalteu’s reagent
(Aksit et al., 2022). Gallic acid was used as a standard
in the study. The stock solutions of both gallic acid and
extract were prepared (1 mg mL1). 0.1 mL of the stock
solution of the extract was diluted with 4.5 mL of
distilled water. It was made up of 5 mL with 0.3 mL of
NazCOs (2%) and 0.1 mL of Folin-Ciocalteu reagent.
After 10 minutes at room temperature, it was vortexed
and kept in the dark for 120 minutes for incubation.
The absorbance at 760 nm of the solution was recorded.
The calibration curve (y=0.117x-0.011) of gallic acid
consisting of different concentrations (1, 5, 10, 25, 50,
100, 250, 400, and 800 pg mL1) was used for
calculations. TPC was expressed as mg gallic acid
equivalent phenolic substance per g of extract.

Total flavonoid content

Aluminum chloride was used to determine the TFC in
the extract with the spectrophotometric method (Aksit
et al., 2022). Quercetin was used as a standard. 1 mg
mL1 stock solution of the extract and quercetin was
prepared in methanol. 4.7 mL of methanol, 0.1 mL of
AlCls (10%), and 0.1 mL of 1 M ammonium acetate
solution were added to 0.1 mL of the stock solution of
the extract, and vortexed. The mixture was incubated
for 45 minutes. After the incubation, the absorbance at
415 nm of the mixture was recorded. The calibration
curve of quercetin was generated using different
concentrations (1, 5, 10, 25, 50, 100, 250, 400, and 800
pg mL1). Finally, after the results were converted to
mg quercetin equivalent (QE) g extract! using the
calibration curve, the TFC of the extract was reported
as the mean and standard deviation.

Determination of the
concentration (MICs)

The microdilution technique was utilized in the
antimicrobial test to determine the antimicrobial
characteristics of PH extract against four Gram-
positive: (Elshikh et al., 2016) .S. aureus (ATCC 6538),
L. monocytogenes (ATCC 51774), B. cereus (ATCC
10876), E. faecium (ATCC 8459), and as well as four
Gram-negative; P. fluorescens (ATCC 13525), P.
aeruginosa (ATCC 15442), E. coli (ATCC 25922), S.
enteritidis (ATCC 13076). To obtain serial dilution of
test material (from 0.1 to 1.95 ug mL1), 100 uL of test
solution prepared in dimethyl sulfoxide (DMSO) (10%,
w/v) was added to the first row of the 96-well plate. The
other wells were filled with 50 pL of sterile Muller
Hinton Broth (MHB), then 50 pL volume of the first
well was transferred to the latter wells. 10 pL of
bacterial suspension (1x108 CFU mL) was added to
the corresponding well and incubated at 37 °C for 18

minimum  inhibitory
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hours. After, the addition of 30 pL of resazurin solution
(0.02%) to each well the plates were incubated for 6
hours above-mentioned condition. For the setting of
the sterile control well, 50 pL of DMSO solution (10%
w/v), 10 pL of MHB, 30 pl of indicator solution, and 10
uL of bacterial solutions were added for each
bacterium. Negative control was prepared by the
addition of 30 pL of indicator solution and 60 pL of
MHB. The color change from purple to pink indicated
a non-inhibited bacterial action. The concentration
level at which color change was observed was noted as
MIC values in pg mL?! for each bacterial strain
assayed. Tetracycline was used as the positive control.

Antiproliferative activity

Cancer cell lines and cell culture

In this work, the following cell types were used: HeLa
(ATCC, CCL-2) and A2780 (RRID, CVCL-0134)
gynecological cancer cell lines, SW620 (ATCC,
CCL227) and HT29 (ATCC, HTB-38) colon cancer cell
lines, A172 (ATCC, CRL-1620) and C6 (ATCC, CCL-
107) brain cancer cell lines, and Beas2B (ATCC, CRL-
9609) normal lung cell lines, RPE (ATCC, CRL-4000)
normal retinal cell lines, and HSF (ATCC, CRL-7449)
normal skin cell lines. In a laminar cabinet, all cell
preparation processes were completed in a sterile
setting. The cell lines were employed once they had
reached confluence in a supplemented DMEM medium
with 10% FBS and 2% PenStrep solution at 37°C, 5%
CO2 conditions. 10,000 cells per well were sown on
measuring plates. Test extracts were introduced after
16 hours of pre-incubation, and after 24 hours of
incubation, measurements were made.

Antiproliferative activity assay

The effects of the extracts on cell proliferation and
NCI-60 survival parameter values were assessed using
the MTT assay. Following a 24-hour incubation period
with test extracts and cancer cell lines, this test
technique was used. The optical density of the cells
treated with the DMSO was taken to be 100% and the
findings were expressed as % cell inhibition. So, using
the formula [1-(A test substance/A solvent control) x
100, the % inhibition was determined. The ICso
concentrations of test extracts were determined using
the MTT technique on cells with increasing
concentrations of each test extract (1.96, 3.91, 7.81,
15.63, 31.25, 62.5, and 125.0 pg mLl) across a
predetermined range. It was examined by applying a
logarithmic function to the absorbance-derived
logarithmic curve after the NCI-60 survival
parameters were measured using the following
formulas (GIso, TGI, and LCso):

Cell proliferation:

[(Ti-T2z)/(C-Tz)]x100 if Ti>/=Tz (cytolytic effect) or
[(Ti-T2)/Tzlx100 if Ti<Tz (cytocidal or cytotoxic effect)
(Tz; zero point, C; control growth, Ti; inhibition by test
substance).

GIs0: Concentration value that reduces growth by 50%
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([(Ti-Tz)/ (C-T2z)]x100=50),

TGI: Concentration value that reduces growth by 100%
(Ti=T2z),

LCso: concentration value that by 50% kills cells in the
medium ([(Ti-Tz)/Tz]x100=-50).

Cytotoxicity test

The LDH technique was used to assess if the test
extracts were cytotoxic or cytostatic to cells. Depending
on the extracts examined, a rise in LDH in the culture
supernatant will occur if more cells perish throughout
the incubation time. The cytoplasmic enzyme lactate
dehydrogenase (LDH), which is stable, is present in the
majority of cells. The manufacturer's instructions for
using the LDH cell cytotoxicity kit were followed for
this purpose. Briefly, NAD* is reduced to NADH/H* by
the LDH resulting in lactate-to-pyruvate conversion.
Then, a catalyst (diaphorase) transfers H/H* from
NADH/H* to the tetrazolium salt which is reduced to
formazan. All measurements were made in triplicate.
ICs0 concentrations of test substances were used. In a
nutshell, the formula below was used to calculate and
assess the change in the quantity of formazan
produced as a result of LDH enzyme activity:

% Cytotoxicity = [(Substance Absorbance - Low Control
/ High Control - Low Control) x 100].

Statistical analysis

The results of LC-MS/MS analyses, and antioxidant
and antiproliferative activity assays were statistically
analyzed using the SPSS Statistics (IBM v.20,
Chicago, IL, USA). The results were expressed as mean
and standard deviation.

(x1.000.000)

RESULTS and DISCUSSION

In the study, the dried aerial parts of endemic
Psephellus huber-morathii were used and these parts
of the plant were extracted with 70% methanol. The
phytochemical profile of the extract was determined
and the total phenolic content, total flavonoid content,
and antioxidant, antimicrobial, and antiproliferative
activities of the hydroalcoholic extract were
investigated.

LC-MS/MS characterization

There 1is no tandem mass spectrometry and
electrospray ionization to liquid chromatography
application in the literature for the evaluation of the
phenolic composition of PH. In the study, the plant
extract was screened by the UHPLC-MS/MS method,
which can recognize 56 phytochemicals. In the method,
negative ionization, which shows higher sensitivity for
phenolic compounds and flavonoids, was preferred.
These phytochemicals were determined by examining
the molecular ions and MS/MS fragments and the
associated collision energies for these fragments, and
their amounts were expressed as mg analyte g extract
1. (Figure 1)

The phenolic composition of the extract is listed in
Table 3. In the extract of PH, the flavonoid
phytochemicals such as protocatechuic aldehyde,
vanillin, coumarin, luteolin- 7-O-glucoside, quercetin-
3glucuronide, rutin, isoquercitrin, hesperidin,
apigenin- 7~glucoside, quercitrin, kaempferol-3-O
glucoside, nicotiflorin, quercetin, naringenin, luteolin,
kaempferol, apigenin, chrysin, acacetin were detected
and quantified.
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Figure 1. MRM chromatogram of the hydroalcoholic extract of PH obtained by UHPLC-MS/MS.
Sekil 1. UHPLC-MS/MS ile elde edilen PH hidroalkolik ekstraktinin MRM kromatogrami
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Table 3 Phytochemical compounds of PH extract analyzed by UHPLC-MS/MS (mg g extract™)
Cizelge 3 UHPLC-MS/MS ile analiz edilen PH ekstraktinin fitokimyasal bilesikleri (mg g extract!)

No Analyte mg g extract'+SD No Analyte mg g extract+SD
1 Quinic acid 44.95+3.17 29 Salicylic acid 0.10+0.00
2 Fumaric acid 0.22+0.00 30 Luteolin- 7-O-glucoside 0.40+0.01
3 Aconitic acid 0.24+0.01 31 Quercetin-3-glucuronide 9.04+1.34
4 Gallic acid <LOD 32 Rutin-D3-IS n.a.

5 Epigallocatechin n.d. 33 Rutin 3.22+0.89
6 Protocatechuic acid 0.30+0.04 34 Isoquercitrin 6.62+1.47
7 Catechin <LOD 35 Hesperidin 1.26+0.07
8 Gentisic acid 0.02+0.00 36 O-Coumaric acid <LOD
9 Chlorogenic acid 29.00+4.63 37 Genistin <LOD

10 Protocatechuic aldehyde 0.04+0.00 38 Rosmarinic acid n.d.

11 Tannic acid n.d. 39 Ellagic acid n.d.

12 Epigallocatechin gallate <LOD 40 Apigenin- 7 O-glucoside 0.24+0.01
13 1,5-dicaffeoylquinic acid n.d. 41 Quercitrin 6.82+1.09
14 4-OH Benzoic acid 0.15+0.04 42 Kaempferol-3-O-glucoside 0.78+0.09
15 Epicatechin <LOD 43 Nicotiflorin 0.74+0.08
16 Vanillic acid n.d. 44 Fisetin <LOD
17 Caffeic acid 0.13+0.03 45 Daidzein <LOD
18 Syringic acid <LOD 46 Quercetin-D3-IS n.a.

19 Vanillin 0.05+0.01 47 Quercetin 0.15+0.03

20 Syringic aldehyde <LOD 48 Naringenin 0.02+0.00

21 Daidzin <LOD 49 Hesperetin <LOD

22 Epicatechin gallate <LOD 50 Luteolin 1.30+0.06

23 Piceid <LOD 51 Genistein 0.01+0.00

24 p-Coumaric acid 0.03+0.00 52 Kaempferol 0.04+0.01

25 Ferulic acid-D3-IS n.a. 53 Apigenin 2.43+0.53

26 Ferulic acid <LOD 54 Amentoflavone n.d.

27 Sinapic acid <LOD 55 Chrysin 0.01+0.00

28 Coumarin 0.02+0.00 56 Acacetin 0.01+0.00

*n.d.: Not detected, n.a.: Not Applicable, SD: Standard deviation, LOD: Limit of detection

Many organic acids and phenolic acids in the plant
extract were identified and quantified: quinic acid,
fumaric acid, aconitic acid, protocatechuic acid,
gentisic acid, chlorogenic acid, 4-OH benzoic acid,
caffeic acid, p-coumaric acid, salicylic acid. According
to these results, quinic acid (44.95 mg analyte g
extract!) and chlorogenic acid (30.00 mg analyte g
extract!) are major compounds of PH. Besides the
major compounds, PH contains high amounts of
quercetin-3glucuronide (9.04 mg analyte g extract’l),
isoquercitrin (6.62 mg analyte g extractl), quercitrin
(6.82 mg analyte g extract?) and apigenin (2.43 mg
analyte g extract?).

Two HPLC studies were reported for the phenolic
compounds of PH (Korkmaz et al., 2019; Shoeb et al.,
2007). Korkmaz et al. identified 7 compounds in the
methanol extract of the plant and quantified two of
them. In parallel with this study, they reported that
the plant contains prcoumaric acid (2.21 mg g extract’
1). They also suggested that the plant contains benzoic
acid (11.55 mg g extract!) as the main compound.
Shoeb et al. reported that they isolated kaempferol and
afzalin from plant seeds by HPLC. Only the qualitative
analysis of phytochemical compounds was performed
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in this study, and their amounts were able to not
determined. Octanol, hexadecanoic acid, p-cymene,
and caryophyllene oxide were found in the essential oil
analysis of plant seeds (Baser et al., 2006). This study
is the first comprehensive report on the organic acid
and flavonoid compounds of PH hydroalcoholic extract.

Antioxidant activities, TPC and TFC

The results of the TPC, TFC, FRAP, and DPPH"
activities of the extract are shown in Table 4.

Both TPC and TFC as well as DPPH* and FRAP
activities of the plant extract were determined quickly
by UV-visible spectrophotometer. In this investigation,
the TPC and TFC of PH extract were calculated as
52.19+1.97 mg GAE (gallic acid equivalent) and
28.57+0.94 mg QE per gram extract. Additionally, the
extract concentration required to achieve 50%
inhibition of the DPPH" radical (ICs0) was calculated
as 13.18+0.91 pg mLL, compared to 8.25+1.16 pg ml?
for the positive control. Similar results were observed
for the FRAP test, which measures the ability to reduce
Fe3* to Fe2*, where one gram of extract had a reducing
power equal to 61.27+2.33 mg Trolox.
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Table 4 The results of the TPC, TFC, FRAP, and DPPH - activities of the extract
Cizelge 4 Ekstraktin TPC, TFC, FRAP ve DPPH - aktivitelerinin sonuglari

. . Total phenolics Total flavonoids Ferric Ion Reducing
DPPH" scavenging . ]
Example 1Cs0 (ue mI 1) 2SD mg GAE g extract? mg QF g extract! power
o0 g +SD +SD mg TE g extract1+SD
The extract 13.90+0.5 52.19+2.0 28.57+1.0 61.27+2.3
Trolox 8.25+1.2

SD: Standard deviation, /Cso° Half maximal inhibitory concentration, GAE: gallic acid equivalent, QE: quercetin equivalent,
TE: Trolox equivalent

In the literature, TPC values of water and methanol P. aeruginosa, E. coli, and S. enteritidis. The extract
extracts of PH were reported as 13.9+0.460 mg GAE g had a lower MIC value (125 pg mL!) against gram-
extract! and 10+£0.268 mg GAE g extractl, positive bacteria B. cereus and E. faecium. On the
respectively. The DPPH" activity of these extracts was contrary, the extract showed a low antimicrobial
expressed as ICso value of 0.3379+0.00 mg mL! and activity against L. monocytogenes and P. aeruginosa

0.2073+0.00 mg mL1. It was discovered that FRAP with a MIC value of 500 ug mL (Table 5). This assay
activities were 841+4.70 uM TE and 666+3.21 uM TE. demonstrated that the hydroalcoholic extract of PH

(Korkmaz et al., 2019b) In another study, the methanol was more effective against B. cereus and E. faecium
extract of plant seeds showed 10 times higher than other bacteria tested.

antioxidant activity than Trolox in the DPPH test In the literature, the antimicrobial activity of PH was
(Sarker et al., 2005). investigated by Korkmaz et al. (2019), the methanol
In this study, the antioxidant activity, TPC, and TFC extract of PH showed moderate antimicrobial activity
of PH hydroalcoholic extract were investigated for the against S, aureus, P. aeruginosa, and E. coli. (MIC

first time. The extract showed high antioxidant values 100-500 pg mL1) However, it was reported that
activity in DPPH and FRAP tests. It also has rich TPC the methanol extract has weaker activity against L.
and TFC. These findings can be explained by the high monocytogenes (Korkmaz et al., 2019). In the study, it
yield (19%) of the 70% methanol extraction procedure. was determined that the hydroalcoholic extract
The rich phytochemical profile of the hydroalcoholic showed moderate activity against L. monocytogenes.
extract better reflects the antioxidant ability, TPC, and On the other hand, Sarker et al. (2005) reported that
TFC of the plant. The antioxidant activity and TPC the seed extract did not show any antimicrobial
findings in this study support previous findings about activity against S. aureus, P. aeruginosa, and E. coll.
PH (Sarker et al., 2005; Korkmaz et al., 2019). It was reported that plant seeds show low and
moderate antimicrobial activity only against

Estlma}tlp n of a.ntn.nl.croblal act1v1t1e§ of PH . . Citrobacter freundii and Enterococcus faecalis (MIC
The minimum inhibitory concentration was defined if values 100-1000 ug mL) (Sarker et al., 2005).

an extract has strong activity when the MIC is less

than 100 ug mL1, moderate activity when it is between Antiproliferative activity

100 and 500 pg mL1, and weak activity when it is Evaluation of PH extract according to NCI-60
between 500 and 1000 ug mL1. The extract is inactive screening methodology

if the MIC is more than 1000 ug mL! (Holetz et al., Numerous antiproliferative medicines used in
2002; Khan et al., 2009). Antimicrobial activities of the contemporary chemotherapy still do not exhibit the
extract are given with MIC values in Table 5. intended therapeutic qualities because of the tumors'

dynamic mutational loads. Additionally, their
therapeutic efficacy decreases over time due to

- . - chemotherapeutic agent resistance mechanisms and

Microorganisms PH extract _Tetracycline side effects. Because of this, a lot of research is being
Pseudomonas fluore_scence 250 3.91 done to obtain new antiproliferative drugs. In this aim,
Pseudo_mo_nas aeruginosa 200 7.81 the MTT test was used to assess the effects of PH
Escherichia coli 250 7.81 extract on cell proliferation (NCI-60 screening

Table 5 MIC values of PH extract (ug mL™)
Cizelge 6 PH ekstraktinin MIC degerleri (ug mL™)

ﬁ?;trg ?ir;erlr:?):gé?/:(l)tg;ilnses égg ggi approach) and ICso \(alues. It can be seen. that the
Staphylococcus aureus 250 195 tested extract has a higher lethal cgncen‘Fratlon (LCs0)
Bacillus cereus 125 781 value than the control antiproliferative drug, 5-
Enterococeus faecium 195 195 Fluorouracil (5FU) when LCso values of the extract on
Beas2B, RPE, and HSF control cells are examined.

Accordingly, the extract showed moderate This suggests that the extract does not have
antimicrobial activity in almost all of S. aureus, L. unfavorable toxicity. High LCso values suggest that the
monocytogenes, B. cereus, E. faecium, P. fluorescens, cytotoxic effects of the extract are lower, which is
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desired, as indicated in the NCI-60 screening protocol.
PH extract showed high LCso (>1000 pg mL1) values
on Beas2B, RPE, and HSF control cells. This result

was interpreted as a desirable good situation when
compared with 5FU (417.72 pg mL?) (Table 6).

Table 6 GIso, TGI, LCso, and ICso values for PH extract (ug mL1)
Cizelge 6 PH ekstraktinin Glso, TGI, LCs ve ICs degerleri(ug mL1)

Coll Lines PH extract S5FU
Glso TGI LCso 1Cs0 Glso TGI LCso 1Cs0

Beas2B** 1.04 309.23+9.9 >1000 97.66:4.1 1.43 33.08+1.8 417.72+10.8 34.62+1.7
RPE** 1.71 >1000 >1000 94.58+2.9 1.54 55.37+3.6 423.82+8.3 65.30+2.1
HSF** 1.97 42.91+2.2 >1000 61.68+2.4 141 30.64+2.2 357.86+7.8 32.43+2.0
A172%* 1.54 >1000 >1000 106.40+3.2 1.38 45.67+2.0 336.86+9.4 45.8842.1
Ce** 1.52 >1000 >1000 126.78+3.8 1.39 39.87+1.5 348.65+9.1 46.11+2.4
HeLa** 2.35 209.83+3.5 >1000 82.28+£2.9 1.27 37.18+1.4 393.06+9.5 32.74+1.7
A2780** 2.55 >1000 >1000 131.03+£3.2 1.29 48.77+2.0 386.42+8.5 49.94+1.9
SW620** 2.54 >1000 >1000 142.72+3.2 1.59 47.12+1.9 391.244+10.1 53.41+£2.7
HT29** 1.28 >1000 >1000 96.25+2.7 1.29 35.36£1.9 411.54+9.2 43.184+2.1

Gls0: Growth Inhibition, TGI: Total Growth Inhibition, LCso: Lethal concentration, ICs0: Half maximal inhibitory concentration,

5FU: 5-Fluorouracil

*Percent inhibition noted is mean values = SDs of three independent measures. (SD: Standard deviation)
** If percent inhibition is smaller than 10, the SD value is <0.5.

Considering the Total Growth Inhibition (TGI) and
Inhibitory Concentration (ICso) values of the extracts
for control cells, the extract was not toxic against
normal cells. It showed higher TGI and ICs0 values on
Beas2B, RPE, and HSF normal cells than 5FU (control
drug), respectively. As can be observed, the extract's
toxic values fell within acceptable ranges because its
TGI and ICso values for HSF normal cells were greater
than those of 5FU. Examination of the Growth
Inhibition (GIs0) values of the PH extract showed that
the Glso value of the extract on Beas2B control cells
(1.04 pg mL1) was lower than the GIso value of 5FU
(1.43 pg mL1Y). In RPE and HSF control cells, the
extract's GIso values were higher than 5FU. A low Glso
value indicates greater cytostatic effects of the extract
on Beas2B cells, which is desirable. This feature allows
the extract to be used in a wide and safe dose range for
chemotherapeutic treatment (Table 6).

The antiproliferative effect of the extract on
glioblastoma (A172 and C6), gynecological (HeLa and
A2780), and colon (SW620 and HT29) cancer cell lines
were also evaluated in the study (Table 6).

The extract showed similar efficacy to 5FU on colon
and glioblastoma cell lines in terms of Glso growth
inhibition. However, on HeLa and A2780, the extract
had a higher GIso value (2.35 and 2.55 ug mL1). TGI
and ICso values of the extract were also found to be
higher than 5FU for all these cancer cell lines (Table
6). The high inhibition values measured indicate that
the extract is more effective at killing cancer cells than
the control antiproliferative drug. The high LCso
(389.16->1000 pg mL1) values caused by the extract in
glioma, gynecological, and colon cancer cells compared
to 5FU indicate that the safe dose range of the extract
in cancer treatment is wide. As a result, concentration

789

modifications will be carried out more easily in a wide
range (Table 6).

The different inhibition effects of the extract in each
cell line are due to the differences in the cellular
biological mechanisms that take an active role against
the extract. In conclusion, when we look at all NCI-60
survival parameters, the fact that the extract has low
GIs0 and high LCso values against cancer cells shows
that it is a potential candidate for antiproliferative
drug development. On the other hand, the Glso, TGI,
LCs0, and ICs0 values of the extract on normal Beas2B,
RPE, and HSF cell lines are within the desired limits
is proof of its reliability (Table 6). All these findings
prove that the extract of PH is specifically effective
against cancer.

Tumor Specificity Index (TSI) was obtained by dividing
the sum of the ICso values from normal cells (Beas2B,
RPE, and HSF) by the sum of the ICso values of each
cancer cell (A172, C6, HeLa, A2780, SW620, and
HT29). According to this data, the tumor-specificities
of PH extract to cancer cells are ideal because of the
same selectivity as the positive control drug. In
addition, the TSI value of the extract was the best for
HeLa cells (TSI, 1.04) (Table 7).

Cytotoxicity test

For this, a kit is used to assess the activity of
cytoplasmic lactate dehydrogenase (LDH), which leaks
from the damaged plasma membrane into the
environment. The level of leakage that might result in
indirect membrane damage is indicated by LDH
activity. Utilizing ICso concentrations, the percent
cytotoxicity caused by the extract was evaluated in this
investigation. Accordingly, PH extract showed
10.0+£0.8, 12.0+1.0, and 9.5+0.6 percent cytotoxicity
values against Beas2B, RPE, and HSF at ICso
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concentration, respectively. On the other hand, the PH was investigated in a single study. In this study, it
percent cytotoxic effect of the extract on cancer cell was reported that methanol extracts of plant seeds
lines was determined as 11.4+1.0% for A172, have remarkable cytotoxic effects against colon cancer

10.5+£0.9% for C6, 9.9+0.6% for HeLa, 9.7+0.8% for using the MTT test. (ICs0: 33.0 g mL1) As can be seen,
A2780, 10.0+0.9% for SW620 and 11.9+1.0% for HT29 the plant extract showed higher cytotoxic activity
(Table 8). In the literature, the cytotoxicity activity of against colon cancer cells compared to the seed extract.

Table 7 Tumor Specificity Index (TS‘D for PH extract*
Cizelge 7 PH ekstrakt: icin Tiimér Ozgiilliik Indeksi (TSD*

Cell Lines PH extract (ug mL?) 5FU (ug mL1)
1Cso TSI 1C50 TSI
Beas2B, RPE, and HSF 84.64 1 44.11 1
A172 106.40 0.81 45.88 0.96
Cé6 126.78 0.68 46.11 0.96
HeLa 82.28 1.04 32.74 1.35
A2780 131.03 0.66 49.94 0.88
SW620 142.72 0.60 53.41 0.82
HT29 96.25 0.90 43.18 1.02

ICs0: Half maximal inhibitory concentration, TSI: Tumor Specificity Index, 5FU: 5-Fluorouracil
*TSI is calculated by dividing the average normal cell line I1Cso by the ICso of each cancer cell line.

Table 8 % Cytotoxicity values for PH extract at ICso0 concentrations against the cells*
Cizelge 8 Hiicrelere karsi 1Cso konsantrasyonlarinda PH ekstrakti icin % sitotoksisite degerlerr*

Beas2B RPE HSF Al72 c6 HelLa A2780  SW620 HT29

The extract 10.0+0.8 12.0+1.0 9.5+0.6 11.4+1.0 10.5+0.9 9.9+0.6 9.7+0.8 10.0+0.9 11.9+1.0

5FU 10.1+£1.0 10.7+1.0 10.9+1.1 10.8+1.0 11.5+1.1 11.9+1.1 10.1+1.0 11.0+1.3 10.9+1.2
*Percent cytotoxicity was noted as mean values + SDs of three independent measures. (SD: Standard deviation)
CONCLUSION mechanisms and validate their efficacy in preclinical
The study is the first to report comprehensive and clinical studies. The medical potential of
phytochemical compounds and antiproliferative Psephellus huber-marathon against cancer and
activity of the Psephellus huber-morathii which is infectious diseases should be supported by in vivo
endemic in Turkiye. When the MTT proliferation test studies and used in alternative treatments.

and LDH cytotoxicity test findings were interpreted
together, the extract showed an acceptable
antiproliferative effect against cancer cells. It has
minimal cytotoxicity against normal cells and a wide
range of concentrations for dose adjustment. For this
reason, we suggest further investigation of Psephellus Author’s contribution

huber-Marathi extract through preclinical and clinical The contribution of the authors is equal.
studies. In this study, the extract showed moderate
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ABSTRACT

Pistacia terebinthus has been used extensively in alternative medicine.
The inhibitory activity of ethanol fruit extract from P. terebinthus fruit
on food-borne and clinical test microorganisms was obtained to determine
the potential use of the extract for food and pharmaceutical industries as
a natural antimicrobial source. The antibacterial activity of the ethanol
extract on fish-originated pathogen bacteria was also determined for its
potential use in the feed industry. In addition, the effect of the extract on
the probiotic bacteria originating from breast milk was tested to obtain
the potential use of the extract together with probiotic bacteria for the
pharmaceutical and food industries. Antimicrobial activity was obtained
by performing micro-dilution and macro-dilution assays as well as disc
diffusion. Among the food-borne and clinical test microorganisms, the
highest inhibition zone diameter (22.39£1.92 mm) was detected on
Listeria monocytogenes. The highest antibacterial activity on the fish
pathogens was recorded as 17.67+0 mm against Vibrio anguillarum A4.
It was determined that P. terebinthus fruit extract had higher
antimicrobial activity against some test microorganisms than Amikacin
and Gentamicin antibiotics. Antifungal activity on Candida glabrata was
also investigated by counting viable cells. At a concentration of 20 mg ml.
1 no viable cells were determined after 24 hours. The extract inhibited all
the tested LAB, however, with low MIC and MBC values. The sun
protection factor (SPF) of the extract and the extract+cream mixture at
10 mL concentration was recorded as 9.36 and 7.51. The results of the
study indicated that P. terebinthus fruit ethanol extract can be an
alternative as a natural additive in various industries such as feed, food,
pharmaceutical, and cosmetic industries.

Menengig (Pistacia terebinthus)’in Cesitli Alanlar I¢in Yeni Potansiyel Kullanimlarimin Aragtirilmas:

OZET

Pistacia terebinthus, alternatif tipta yaygin olarak kullanilmaktadir. P.
terebinthus meyvesinden elde edilen etanol meyve ekstresinin gida
kaynakli ve klinik test mikroorganizmalar:i tizerindeki inhibitor
aktivitesi, ekstrenin gida ve ila¢ endiistrilerinde dogal bir antimikrobiyal
kaynag1 olarak potansiyel kullanimini belirlemek i¢in tespit edilmigtir.
Etanol ekstresinin, balik orijinli patojen bakteriler tzerindeki
antibakteriyel aktivitesi, yem endiistrisinde kullanim potansiyeli igin
belirlenmigtir. Ayrica ekstrenin probiyotik bakterilerle birlikte ila¢ ve
gida endiistrilerinde kullanim potansiyelini ortaya g¢ikarmak igin
ekstrenin anne siitii kaynakli probiyotik bakteriler iizerindeki aktivitesi
test edilmigtir. Antimikrobiyal aktivite, disk diftizyonunun yani sira
mikro seyreltme ve makro seyreltme deneyleri yapilarak belirlenmigtir.
Gida kaynakli ve klinik test mikroorganizmalari arasinda en yiiksek
inhibisyon zon cap1 (22,39+1,92 mm) Listeria monocytogenes iizerinde
tespit edilmigtir. Balik patojenleri lizerinde en yiliksek antibakteriyel

aktivite Vibrio anguillarum A4'e karst 17,670 mm olarak
kaydedilmistir. P. terebinthus meyve ekstresinin baz1 test
mikroorganizmalarina kars1 Amikasin ve Gentamisin

antibiyotiklerinden daha ylksek antimikrobiyal aktiviteye sahip oldugu
belirlenmigstir. Candida glabrata tzerindeki antifungal aktivite, canl
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hiicre sayimi ile de arastirilmigtir. 20 mg mL'lik konsantrasyonda, 24
saat sonra higbir canli hiicre belirlenmemistir. Ekstre, test edilen tim
LAB'leri disik MIK ve MBK degerleri ile inhibe etmigstir. Ekstre ve
ekstretkrem karigiminin 10 mL konsantrasyonundaki giines koruma
faktorii (GKF) 9,36 ve 7,51 olarak kaydedilmistir. Calismanin sonuclari,
P. terebinthus meyve etanol ekstresinin yem, gida, ila¢ ve kozmetik
endustrileri gibi ¢esitli endustrilerde dogal katki maddesi olarak

alternatif olabilecegini gostermigtir.

Atf Sekli: Asan Ozusaglam, M. (2024) Menengic (Pistacia terebinthus)in Cesitli Alanlar I¢in Yeni Potansiyel
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ksutarimdoga.vi.1285786

To Cite : Asan Ozusaglam, M. (2024) Investigation of New Potential Uses of Menengic (Pistacia terebinthus) for
Various Areas. KSU J. Agric Nat 27(4), 793-801. https'//doi.org/10.18016/ksutarimdoga.vi.1285786

INTRODUCTION Herbal antimicrobials can be natural alternatives to

Menengic (Pistacia terebinthus) is an important plant
species due to its biological activity and chemical
properties (Koten, 2021). Menengic (Anacardiaceae) is
widely grown in the southern and western regions of
Turkey (Ozcan et al., 2020). In traditional remedies,
menengi¢ fruits have been used in the treatment of
many diseases such as eczema, throat infections,
stomachache, rheumatism, asthma, and cough
(Matthéius & Ozcan, 2006). Recently, the medicinal use
of compounds such as phenolic compounds, saponins,
fatty acids, flavonoids, alkaloids, and terpenoids from
P. terebinthus has gained attention (Rauf et al., 2017;
Buriani et al., 2017; Ozcan et al., 2020; Kacar et al.,
2022). P. terebinthus fruits have been involved in
many studies due to their biological activities (Topcu
et al., 2007; Naghmachi et al., 2022) and high oil
content (Matthiaus & Ozcan, 2006).

Nowadays, clinical and food-borne microbial infections
and gained antibiotic resistance are among the most
important problems threatening the health of
societies. Worldwide, microbial infections cause
millions of deaths each year (Khameneh et al., 2019).
The increased antibiotic resistance has led to a
decrease in the effectiveness of antimicrobial drugs
and even their ineffectiveness (WHO, 2014; Baym et
al., 2016). Therefore, it is necessary to obtain new and
natural antimicrobial agents from plants.

Aquaculture is one of the most important animal food
sectors that can meet the protein needs of the World's
population and compensate for the lack of food
(Mabrok & Wahdan, 2018). The occurrence of
infectious diseases in aquaculture causes important
problems in the development of the sector and leads to
significant economic losses (Direkbusarakom et al.,
1998). Antibiotics are extensively used to treat
diseases caused by microorganisms in aquaculture.
The use of antibiotics adds to the extension of
antibiotic-resistant bacteria and genes into other
organisms (Watts et al., 2017). Antibiotic resistance
has been reported in Aeromonas hydrophila, V.
anguillarum, and Yersinia ruckeri as a result of
antibiotics used in fish farms (Petersen et al., 2002).
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these antibiotics used in the prevention and treatment
of bacterial infections in fish.

Probiotics are live microorganisms that benefit the
host when taken in adequate amounts (Hill et al.,
2014). Probiotic microorganisms have been very
popular in recent years due to their multi-faceted
health-promoting benefits such as anticancer,
antidiabetic, stimulating the immune system, and
anti-inflammatory (Song et al., 2015; Andrabi et al.,
2016; Bhat et al., 2017). Plant extracts can be used to
improve probiotic effects as natural and safety
additives (Noor, 2017; Cocetta et al., 2019).

Ultraviolet radiation (UV) is divided into three regions
UV-A (315-400 nm), UV-B (280-315 nm), and UV-C
(100-280 nm) (Polonini et al., 2011). Exposure to UV
radiation for a long time increases the risk of various
skin diseases such as cancer and photoallergic
reactions. Skin problems are mainly caused by UV-B
(280-320 nm) radiation (Kim et al.,, 2022). The
effectiveness of a sunscreen or sunscreen component to
protect against UV-B radiation is measured by the sun
protection factor (SPF) (Twilley et al., 2021).
Sunscreens are chemicals that protect against the
negative effects of the sun, especially UV radiation
(Maske et al., 2013). Recently, natural substances have
been recognized as potential sources due to their
absorption of UV radiation and their sunscreen
properties (Cefali et al., 2019; Al-Amoody et al. 2020;
Kurzawa et al., 2022; Ibrahim et al., 2022).

In the present study, to determine the potential use of
P. terebinthus fruit ethanol extract in various
industries; (i) the antimicrobial activity of the extract
on food-borne and clinical test microorganisms and
fish-borne bacterial pathogens, (i) the potential use of
the extract together with the probiotic candidate lactic
acid bacteria (LAB) originated from breast milk, and
(iii) also SPF value of the ethanol extract and the
ethanol extract+cream mixture were determined.

MATERIAL and METHOD
Preparation of Extracts
P. terebinthus fruits were purchased from a local
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market in Adiyaman (Tiirkiye). The fruits were first
washed under tap water to remove dust and then
rinsed with pure water. After drying in an airy
environment, the fruits were ground using a grinder
(Waring, USA). The powdered fruit material (15
grams) was extracted with ethanol using the Soxhlet
device for 24 hours. The sample was then filtered using
the Whatman No. 1 paper. The extract was
concentrated under a vacuum using a rotary
evaporator (Heidolph, Germany) and stored in the
dark at 4 °C until use. The crude extract was dissolved
with dimethylsulfoxide (DMSO) and then sterilized by
filtering through a 0.45 pm filter.

Determination of Antimicrobial Activity

The antimicrobial activity of P. terebinthus fruit
ethanol extract was first determined by using a disc
diffusion assay. Nutrient Broth (NB)-Agar (for
FEscherichia coli O157:H7, E. coli ATCC 35218,
Pseudomonas aeruginosa ATCC 27853, Bacillus cereus
RSKK 863, Shigella sonnei Mu:b7, Salmonella
enteritidis ATCC 13076, Yersinia enterocolitica ATCC
11175, Micrococcus Iuteus B-4375, Pseudomonas
aueroginosa ATCC 27853, Staphylococcus aureus
ATCC 25923, A. hydrophila ATCC 19570), Yeast
Extract Peptone Dextrose (YPD)-Agar (for C. albicans
ATCC 10231, C. glabrata RSKK 04019), Tryptic Soy
Broth (TSB)-Agar (for, Lactococcus garvieae, Y.
ruckeri, Streptococcus agalactiae, L. monocytogenes
ATCC 7644), Tryptic Soy Broth-NaCl (for Vibrio
alginoliticus, V. anguillarum A4 and M1 strains), De
Man, Rogosa and Sharpe (MRS)-Agar (for
Lactobacillus gasseri MA-2, L. gasseri MA-3, L. gasseri
MA-4, L. gasseri MA-5, Lactobacillus fermentum MA-
7, L. fermentum MA-8, Lactobacillus delbrueckii MA-
9, Lactobacillus vaginalis MA-10, Lactobacillus
plantarum RSKK 1062) were used as growth medium.
The test microorganisms (0.5 McFarland) were
inoculated onto solid media. Sterile discs were placed
on the agar medium and then 20 pL (2000 pg disc'!) of
P. terebinthus fruit extract was dropped onto the discs.
Amikacin (AK, 10 pg disc'?) and Gentamicin (CN, 10 pg
disc’l) antibiotics were used as control groups in the
disc diffusion test. After incubation for 24 h, the
inhibition zones were measured. The experiments
were repeated in triplicate.

MiCRO-dilution Method

MIC (Minimum Inhibitory Concentration) and MBC
(Minimum Bactericidal Concentration) or MFC
(Minimum Fungicidal Concentration) values of the
extract were obtained against the test microorganisms
using a micro-dilution assay. The test microorganisms
(0.5 McFarland) were added to the mixture of extract
and growth medium and then vortexed. After
incubation for 24 h, the non-growth concentration of
the extract in the broth medium was obtained as MIC
values. Then, the mixture was inoculated on the agar
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media using spot dropping method. After the
incubation period (24 h), the microbial growth-
preventing extract concentrations on the agar media
were recorded as MBC or MFC values.

Macro-dilution Method

Macro-dilution assay was also used to obtain the
antimicrobial activity of the fruit ethanol extract
against C. glabrata RSKK 04019 by counting viable
cells using the method described by Sousa et al. (2006)
with some modifications. C. glabrata RSKK 04019
suspension (0.5 McFarland) was added to the mixture
of fruit ethanol extract (at concentrations of 5, 10, and
20 pg pL 1) and growth medium. The cell suspension
without the extract was used as a control group. Then,
the control and test groups were incubated at 30 °C for
0, 24 and 48 h. The samples from the suspension were
then diluted and inoculated onto YPD agar medium
after each incubation time. The viable cell was counted
and recorded as log10 CFU mL1.

Determination of in-vitro Solar Protection Factor of
Extract and Extract+Cream Mixture

The SPF value of P. terebinthus fruit ethanol extract
was determined in vitro. The extract (2 pg pL1) was
prepared in ethanol (96%) and measured in a
spectrophotometer (Beckman Coulter) in the
wavelength range of 290 nm-320 nm (at 5 nm
intervals). The experiments were done in triplicate.
The Mansur equation (1) used to calculate the sun
protection factor was below (Mansur et al., 1986).

The SPF value of extract and cream mixtures was
determined using the developed modified method
(Asan Ozusaglam & Celik, 2023). 1 g of cream and 0.5
g of P. terebinthus fruit extract was mixed made up to
10 g with distilled water. The mixture diluted with
ethanol to various concentrations (2.5 mL, 5 mL, and
10 mL) was measured using the spectrophotometer
and then calculated as mentioned above.

Mansur equation:

Solar protection factor(SPF) = CF ZZZ EE (1) *1(2) * Abs(4) (1)

Statistical Analysis

The mean values of the analysis results obtained in
three replicates were evaluated statistically (IBM,
SPSS Statistics 25 software, USA). One-way ANOVA
and Tukey tests were used at the 5% level to make
comparisons between means.

RESULTS and DISCUSSION

The antimicrobial activity of P. terebinthus fruit
ethanol extract was investigated against food, clinical,
and fish-originated test microorganisms using a disc
diffusion assay. MIC and MBC or MFC values of the
extract were also determined. In the current research,
ethanol was used as the extraction solvent because the
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ethanol solvent has good solubility of active substances
compared to other solvents such as methanol,
chloroform, and ethyl acetate (De Boer et al., 2005).
The inhibition zone diameters of the extract on food-
borne and clinical test microorganisms were
determined between 22.39+1.92 mm and 10.03+0.06
mm. The results showed that the P. terebinthus fruit
ethanol extract had antimicrobial activity on all test
microorganisms tested. The amikacin and gentamicin
antibiotics were used as the control group. It was

determined that the inhibition zone diameters of the
fruit extract on food-borne and clinical microorganisms
were generally higher than amikacin and gentamicin
antibiotics. P. terebinthus fruit extract also showed an
inhibition zone diameter of 10.42+0.35 mm and
17.67+0.26 mm on fish pathogens. It was obtained that
the extract showed higher antimicrobial activity
against fish pathogens V. alginoliticus, V. anguillarum
M1, and A4 strains compared to the two commercially
available antibiotics (AK and CN) (Table 1).

Table 1. Antimicrobial activity of P. terebinthus fruit ethanol extract
Cizelge 1. P. terebinthus meyve etanol ekstresinin antimikrobiyal aktivitesi

Inhibition zone diameter (mm)

Test microorganisms

Ethanol extract AK CN
Food-borne and clinical test microorganisms
E. coli O157:H7 15.57+0.10 abLsuw.z 17.76+0 14.07+0.01
E. coli ATCC 35218 14.54+0.22¢h Lasuz 18.75+0.70 10.19+0.02
L. monocytogenes ATCC 7644 22.39+1.92¢h Lasuz 19.50+0.01 19.38+0.02
B. cereus RSKK 863 18.29+0.74b.dfgkmoqw 16.81+0.20 12.97+0.30
S. sonner Mu:57 10.03+0.06>.41 Lkq 13.48+1.40 11.08+0.80
S. enteritidis ATCC 13076 12.75+0.88h.Ljsu.z 13.87+0.01 10.51+0.02
Y. enterocolitica ATCC 11175 16.29+0.58h0.1a.2 23.04+0.02 19.92+0.01
M. luteus B-4375 16.28+0.33bn.a.2 13.28+0.02 10.93+0.01
P. aueroginosa ATCC 27853 11.60+0.954.£h.Lm,o.p.suw.z 18.88+0.01 16.31+0.02
S. aureus ATCC 25923 15.13+2.09b.dfkar 17.34+0.01 13.05+0.02
FE. faecalis ATCC 29212 17.29+0.35b.dfkat 24.02+0.30 13.48+1.44
C. albicans ATCC 10231 16.33+1.39bhav NA NA
C. glabrata RSKK 04019 15.42+1.17bdfkmoqy NA NA
Fish pathogens
A. hydrophila ATCC 19570 12.63+0.33aLh, Lkm 30.57+0.11 19.03+0.09
Y. Rucker 14.50+0.98¢£h, Lkm 18.69+0.12 18.85+0.05
V. anguillarum M1 15.78+0.72b.dehk 9.46 +0.12 12.38+0.09
V. alginoliticus 16.25+0.24b.dfg Lkm 15.03+0.03 15.06+£0.07
V. anguillarum A4 17.67+0.26b.dh, Lk 12.07+0.13 15.13+0.15
L. garvieae 10.42+0.35b.dth, Ljm 10.30+0.08 15.19+0.10
S. agalactia Pas.Ins. 55118 12.19+0.83b.dhkl 16.15+0.08 19.72+0.08

AK: Amikacin, CN: Gentamicin, NA: No activity

The different letters in the columns denote significant differences according to one-way ANOVA followed by Tukey's Multiple

Comparison Test (P<0.05).

MIC, MBC, or MFC values of P. terebinthus fruit
ethanol extract are given in Table 2. Among the food
and clinical pathogens, the lowest MIC and MBC
values of the extract were determined as 2.5 pg pl.! on
C. glabrata RSKK 04019. The lowest MIC and MBC
values (2.5 pg pL1) for fish pathogens were obtained on
V. alginoliticus and V. angillarium A4. Low MIC, MBC,
and MFC values indicated that P. terebinthus fruit
extract had high antimicrobial activity.

In a study, the antimicrobial activity of the methanol
extract from P. terebinthus fruit collected from Elazig
(Turkey) was investigated by using a disc diffusion
assay (Erecevit & Kirbag, 2017). In the study, the
inhibition zone diameter of the methanol extract was
recorded as 16 mm on . coli and 17 mm on S. aureus
which is close to the results of the current study. Coban
et al. (2017) investigated the antimicrobial activity of
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the methanol, water, and ethyl acetate extracts from
P. terebinthus fruit obtained from Aydin (Turkey) on
various microorganisms. They reported the highest
inhibition zone diameter on E. coli ATCC 35218 (13
mm) in fruit methanol extract and on P. aueroginosa
(11 mm) in ethyl acetate extract. In the present study,
nearly or slightly higher antimicrobial activity was
obtained compared to the results of the study of Coban
et al. (2017). Plants secrete secondary metabolites as
defense molecules, so factors such as the season in
which the plant is harvested and the temperature of
the environment can change the metabolites of the
plant (Haliki et al., 2005). Therefore, the reason for the
different results in biological activity may be due to the
different environmental conditions, extraction
methods as well as solvents used.
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Table 2. MIC, MBC or MFC values of P. terebinthus fruit ethanol extract

Cizelge 2. P. terebinthus meyve etanol ekstresinin MIK, MBK veya MFK degerleri

Ethanol extract

Test microorganisms MIC (ug pL) MBC or MFC (ug pL1)
Food-borne and clinical test microorganisms
E. coli O157:H7 20 40
E. coli ATCC 35218 20 40
L. monocytogenes ATCC 7644 5 5
B. cereus RSKK 863 20 40
S. sonnelr Mu:57 40 80
S. enteritidis ATCC 13076 40 40
Y. enterocolitica ATCC 11175 10 10
M. luteus B-4375 10 20
P. aueroginosa ATCC 27853 20 40
S. aureus ATCC 25923 5 5
E. faecalis ATCC 29212 40 80
C. albicans ATCC 10231 2.5 5
C. glabrata RSKK 04019 2.5 2.5
Fish pathogens
A. hydrophila ATCC 19570 20 40
Y. Rucker 10 10
V. anguillarum M1 10 10
V. alginoliticus 2.5 2.5
V. anguillarum A4 2.5 2.5
L. garvieae 20 20
S. agalactia Pas.Ins. 55118 20 40

MIC (Minimum Inhibitory Concentration), MBC (Minimum

Concentration)

There are only a few antifungal agents in the
treatment of Candida species, which are opportunistic
human fungal pathogens, and one of the biggest
problems 1is that they gain resistance to these
antifungals in a short time (Silva et al., 2020).
Therefore, the development of new natural drugs with
fewer side effects for the prevention or treatment of
fungal pathogens such as C. glabrata is of great
interest. The antifungal activity of the extract on C.
glabrata RSKK 04019 was recorded as 15.42 mm zone
diameter in the disc diffusion assay. P. terebinthus
fruit extract against C. glabrata RSKK 04019 was
determined to have the lowest MIC and MFC values
(2.5 ug uL'1) among the foodborne and clinically tested
microorganisms tested. Therefore, the antifungal
activity of the fruit extract on C. glabrata RSKK 04019
was also investigated by counting viable cells and the
results were given in Figure 1. At 5 and 10 pg pl?!
concentrations of P. terebinthus fruit extract, there
was a certain decrease in viable cell count compared to
the control group after 24 h. No viable cell was
observed after 24 h and 48 h incubation at 20 pg pl!
P. terebinthus fruit ethanol extract concentration.

Fungi infect billions of people each year but are still
largely underappreciated as human pathogens (Brown
et al, 2012). C. albicans and C. glabrata can be found
particularly in the oral cavity and in the
gastrointestinal tract of most healthy people (Fidel et
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Bactericidal Concentration), MFC (Minimum Fungicidal

al., 1999; Cole et al., 1996). C. glabrata infections can
be mucosal or systemic, and are more common in
immunocompromised individuals or hosts with
diabetes mellitus (Sinnott et al., 1987; Sobel, 1988;
Geiger et al., 1995; Wingard, 1995). The antifungal
activity of P. terebinthus fruit methanol extract
collected from Elazig province on C. glabrata was
investigated by Erecevit & Kirbag (2017). In their
study, they reported that the inhibition zone diameter
of P. terebinthus fruit methanol extract on C. glabrata
was 10 mm. A study showed that methanol, ethyl
acetate, and boiled water extract obtained from Z.
terebinthus fruit had no antifungal activity against C.
glabrata (Coban et al., 2017). The higher antifungal
activity obtained from this study may be due to the
ethanol solvent used. Because ethanol has a better
dissolving potential for active ingredients compared to
other solvents.

LAB are microorganisms that are widely used as
probiotic cultures in various processes that are
generally considered safe (GRAS) and have
therapeutic effects on the host (Gerez et al., 2013). The
antimicrobial activity of P. terebinthus fruit extract
against probiotic candidate LAB from breast milk,
used at the concentration (2000 pg disc!) tested on
pathogens is presented in Table 3. The results
indicated that P. terebinthus fruit extract had
inhibitory activity on all the tested LAB strains. The
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disc diffusion assay results showed the lowest
inhibition zone diameters as 11.91+0.28 mm on L.
gasseri MA-3 and 11.92+0.37 mm on L. fermentum

the extract on LAB indicated that P. terebinthus fruit
extract and LAB mixtures could have the potential to
be used as natural preservatives in the food and

MA-2. The MIC and MBC values of the extract on the pharmaceutical industries after adjusting the
test LAB were determined as 10-40 ug uLi'! and 10-80 appropriate concentrations.
ug uL1, respectively. The high MIC and MBC values of
C. glabrata RSKK 04019
12
0
O 10 -
o
5 |
1_05’ contro
Ig i\ m5mg
S
8 € m10 mg
@ m20 mg
Q -
3
S 24 h 48 h
Hours

Figure 1. Antifungal activity of P. terebinthus fruit ethanol extract on C. glabrata RSKK 04019
Sekil 1. P. terebinthus meyve etanol ekstraktinin C. glabrata RSKK 04019 tizerindeki antifungal aktivitesi

Table 3. Inhibitory activity of P. terebinthus fruit ethanol extract on probiotic candidate lactic acid bacteria
originated from human milk

Cizelge 3. P. terebinthus meyve etanol ekstresinin insan siitli kaynakli probiyotik aday laktik asit bakterileri
lizerindeki inhibitor aktivitesi

Ethanol extract

Test microorganisms Inhibition zone diameter

L. gasseri MA-2 11.92+0.37 10 10
L. gasseri MA-3 11.91+0.28 10 40
L. gasseri MA-4 13.18+0.81 10 40
L. gasseri MA-5 12.33+0.45af 10 20
L. fermentum MA-7 12.72+0.05 40 80
L. fermentum MA-8 11.95+0.58¢f 10 40
L. delbrueckii MA-9 12.444+0.34b.de 10 40
L. vaginalis MA-10 12.82+0.37 10 20
L. plantarum RSKK 1062 13.18+0.03 20 80

MIC (Minimum Inhibitory Concentration), MBC (Minimum Bactericidal Concentration)
Values with the different superscript letters in the columns mean significantly different by one-way ANOVA followed by Tukey’s
post-hoc test (P<0.05).

The SPF value of P. terebinthus fruit ethanol extract
was found to be 9.36. Sunscreens with an SPF of over
2 are considered to have good sun protective activity
(Alves-Rodrigues & Shao, 2004). As a result of the
literature review, no study was found showing the
sunscreen effect of P. terebinthus fruit ethanol extract.

The antimicrobial activity of the P. terebinthusethanol
extract on the test microorganisms was statistically
evaluated, and the results showed a statistically
significant difference between food-borne and clinical
test microorganisms (P<0.05). The significant
variation in inhibition zone diameter averages of the

ethanol extract for fish pathogens or the LAB group
was determined at a significance level of 0.05 (P<0.5).
Multiple comparison analysis using by Tukey test was
performed to determine differences between means for
each group and presented in Table 1 and Table 3.
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The SPF value of the P. terebinthus fruit ethanol
extract used in the presented study was found to be
quite high.

The SPF values of the cream+P. terebinthus fruit
ethanol extract mixture of various concentrations 1is
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presented in Table 4. The SPF values of the
cream+extract mixture were found higher than cream
(control) at all tested concentrations. Therefore, it can
be said that the addition of P. terebinthus fruit extract
increased the SPF value of commercial cream. The

percentage of sun protection of P. terebinthus fruit
ethanol extract at a concentration of 10 mL was found
to be approximately 80% according to Imam et al.
(2015).

Table 4. SPF values of P. terebinthus fruit ethanol extract+cream mixture
Cizelge 4. P. terebinthus meyve etanol ekstresi+krem karisiminin SPF degerleri

Extract Concentration SPF Values :
Cream (Control) Fruit Extract+Cream
2.5 mL 0.16 0.49
5 mL 0.47 1.03
10 mL 1.29 7.51

Recently, natural active compounds have been used in
formulations to reduce the possible side effects of
synthetic compounds and are accepted by consumers
(Rodrigues et al., 2019). As a result of the literature
review, no study was found to investigate the SPF
value of cream mixtures of P. terebinthus fruit
extracts.

CONCLUSION

The potential use of P. terebinthus fruit ethanol
extract in various industries was investigated. The
extract, with its good antimicrobial activity, can be
used as a natural alternative for the food, feed, and
pharmaceutical industries. Additionally, the extract
and LAB mixtures, which combine antimicrobial
activity and probiotic effects, can be used as natural
additives in the pharmaceutical and food industries. In
addition, the fruit ethanol extract of P. terebinthus
showed good sun protection activity and even
increased the SPF value of a commercial cream. Thus,
the fruit ethanol extract could be an alternative as a
natural additive for the cosmetic industry. P.
terebinthus grows naturally in many regions but has
limited use. This study revealed that P. terebinthus
may be a new alternative for various industries and
has the potential to be a natural resource to avoid
synthetic additives.
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OZET Mikrobiyoloji

Bu ¢alismada birbiri ile baglantili i¢ baraj géluniin fitoplanktonik alg

florasimin ve fitoplankton temelli indeks kullanarak trofik seviyesinin Aragtirma Makalesi
belirlenmesi amaglanmigtir. Sariyar Baraj géliinden bes, Gékcekaya ve

Yenice baraj gollerinden ise birer istasyondan fitoplankton 6rnekleri Makale Tarihgesi
toplanmigtir. Fitoplankton oOrneklemesi Agustos ve Kasim 2016 Gelig Tarithi  :10.10.2023

tarihlerinde iki dénem olacak sekilde yapilmigstir. Bazi fizikokimyasal
degiskenler ise Haziran 2016 - Mayis 2017 tarihleri arasinda aylik olarak

Kabul Tarihi :24.01.2024

orneklenmigstir. Elektriksel iletkenligin yillik ortalamasi her tg¢ baraj Anahtar Kelimeler
goliinde de 1000 uS/cm’in tizerinde oldugu belirlenmistir. Kruskal-Wallis Fitoplankton
analizine gére amonyum azotu Sariyar Baraji’ndan Yenice Baraji’na Baraj gollera
dogru anlamli bir azalma gosterirken, nitrat azotu ise istatistiksel olarak Tur gesitliligi

anlamli bir artis gostermigtir. Her t¢ baraj goliinde toplam 144 alg
taksonu belirlenirken, Yenice baraj goliinde 73, Gokgekaya baraj goliinde
64 ve Sariyar baraj golunde 108 alg taksonu tespit edilmigtir. Egilimsiz
Uyum Analizi sonuglar: takson sayisindaki mekansal dagilimi belirgin
olarak ortaya cikarmistir. Takson c¢esitliligi en yuksek divizyo 69
taksonla Chlorophyta olarak belirlenmis, bu divizyoyu 38 taksonla
Bacillariophyta takip etmistir. Fitoplanktonik alg florasi daha once
yapilan c¢alismalar ile karsilagtirildiginda 95 taksonun birbiri ile
baglantili bu ti¢ baraj goli sistemi i¢in yeni kayit oldugu tespit edilmigtir.
Fitoplankton trofik indeks sonuclari her ti¢ baraj golinde de biyolojik
kalite oranimin zayif seviyede oldugunu goéstermistir. Baraj gollerinde
yapilmasi planlanan alabalik yetigtiriciligi faaliyetleri i¢in Sariyar,
Gokcekaya ve Yenice baraj gollerinin uygun degerlendirilemedigi
sonucuna varilmigtir.

Fitoplankton trofik indeksi
Su kalitesi

Assessment of Phytoplankton and Water Quality of Sariyar, Gokcekaya and Yenice Dam Lakes

(Eskigehir, Ankara)
ABSTRACT Microbiology
In this study, it was aimed to determine the phytoplanktonic algal flora
and trophic level using a phytoplankton-based index of three Research Article
interconnected dam lakes. Phytoplankton samples were collected from : :
five study sites in the Sariyar dam and one site each in the Gokcekaya Artlc.le Hlstory.
and Yenice dams. Phytoplankton sampling was carried out in two periods Received ) 10.10.2023
in August and November 2016. Some physicochemical variables were Accepted +24.01.2024
sampled monthly between June 2016 and May 2017. The annual average Ke d
. .. . . ywords
electrical conductivity was determined to be over 1000 uS/cm in all three Phytoplankton
dam lakes. According to Kruskal-Wallis analysis, ammonium nitrogen Dam lakes

significantly decreased from Sariyar Dam to Yenice Dam, however,
nitrate nitrogen showed a statistically significant increase. While a total
of 144 algal taxa were identified, 73 taxa were detected in Yenice, 64 in
Gokcekaya, and 108 in Sariyar. Detrended correspondence analysis
results revealed the spatial distribution of the phytoplanktonic taxa. The
highest taxa number was determined as Chlorophyta with 69 taxa,
followed by Bacillariophyta with 38 taxa. When the phytoplanktonic algal
flora was compared with previous studies, 95 taxa were found to be new
records for these three interconnected dam lake systems. The

Species richness
Phytoplankton trophic index
Water quality
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phytoplankton trophic index results showed that the biological quality
range was poor status in all three dam lakes. It has been concluded that
Sariyar, Gokcekaya, and Yenice dam lakes cannot be evaluated as
suitable for trout farming activities planned to be carried out in the dam

lakes.
Ataf Sekli: Dalkiran, N., Yoldas, B., & Bulut, C., (2024). Fitoplanktonunun ve Su Kalitesinin Degerlendirilmesi. KSU
Tarim ve Doga Derg 27 (4), 802-816. https://doi.org/10.18016/ksutarimdoga.vi.1373704
To Cite : Dalkiran, N., Yoldas, B., & Bulut, C., (2024). Manuscript Title. Manuscript Title. Assessment of
Phytoplankton and Water Quality of Sariyar, Gékcekaya and Yenice Dam Lakes (Eskigehir, Ankara). KSU
J. Agric Nat 274), 802-816. https://doi.org/10.18016/ksutarimdoga.vi.1373704
GiRiS zararlh olabilecegi diistiniilen siyanotoksin tretebilme

Baraj golleri igme ve kullanma suyu, sulama, enerji
uretimi, rekreasyonel amachh kullanim gibi gesitli
insan aktiviteleri ve kullanimai i¢in uzun yillardir insaa
edilen su yapilaridir. Bu nedenle diizenli olarak su
kaliteleri takip edilmektedir. Turkiye’de son yillarda
barajlarda yapilan biyolojik ve kimyasal su kalitesinin
belirlenmesi ile ilgili c¢alismalar giderek 6nem
kazanmistir (Kése ve ark., 2020; Marashoglu &
Gontlol, 2014; Sonmez ve ark., 2022; Varol, 2020;
Varol ve ark., 2012; Yilmaz ve ark., 2022). Sariyar,
Gokcekaya ve Yenice baraj golleri Sakarya Nehri
uzerinde enerji iiretmek amaci ile inga edilmis ti¢ baraj
goludur. Gokcekaya ve Yenice Baraj Golleri’nde su
urunleri yetistiriciligi yapilmaktadir. Ancak 2011
yilindan bu yana ozellikle alabalik kafeslerinde balik
6limleri meydana gelmektedir. Her ti¢ baraj goliinde
de son yillarda organik ve inorganik kirlilik yiki
giderek artig gostermektedir.

Fitoplanktonik algler dogal goller ve baraj gollerinin
birincil tretiminde ilk basamagi olusturan canhilardir.
Ayrica besin tuzlarmna hizli cevap verdikleri i¢in
Otrofikasyon seviyesinin belirlenmesinde oldukca
onemlidirler. Daha o6nceki yillarda baraj géllerinde
yapilan calismalar degerlendirildiginde Sariyar ve
Gokgekaya baraj gollerinde fitoplanktonik ya da
bentik algler ile ilgili yapilmig ¢calismalar mevcut iken
Yenice baraj golinde bir ¢caligmaya rastlanmamagtir.
Sariyar baraj goluinde 7 farkli 6rnekleme noktasinda
Mart 1996 — Nisan 1997 yillar1 arasinda yapilan
calismada 195 alg taksonu tespit edilmistir (Atici
1999, 2002a, 2002b, 2002¢, 2004; Atic1 & Obali 2006;
Atic1 ve ark., 2008). Gokcekaya baraj goliinde ise 2005
ve 2006 yillarinda yapilan calismalarda 28 alg taksonu
tespit edilmistir (Akin ve ark., 2008). Dokcan (2010)
2009 yilinda Sariyar baraj goli bentik alglerini
calismig ve 69 takson tespit etmigtir.

Bu calismanin amaci bir baraj go6lii sistemi olan
Sariyar, Gokgekaya ve Yenice baraj gollerinin giincel
fitoplanktonik alg florasini belirlemek, her ti¢ baraj
golindeki alg florasimin farkhiliklarini  ortaya
koymaktir. Ayrica baraj gollerinde balik
yetistiriciliginde 6nemli olan birincil tretici alglerin
cesitliligini ve bollugunu belirlemek, fitoplankton
tabanl indeksler kullanarak baraj gollerinin ekolojik
kalitesini tespit etmek ve balik yetistiriciliginde

803

potansiyeline sahip Cyanobacteria tirlerinin varligim
tespit etmek ise bu calismanin diger amaclarim
olusturmaktadar.

MATERYAL ve METOD
Caligma alani

Her ¢ baraj goli de birincil olarak enerji tiretmek
amaci ile ¢esitli donemlerde Sakarya Nehri tizerinde
insa edilmistir. Birbiri 1ile baglantili olan bu
barajlardan  Sariyar Hasan Polatkan  Barajn
Ankara'nin Nallithan ilgesi sinirlarinda
bulunmaktadir. 1951-1956 yillar1 arasinda insa
edilmis Turkiye'nin ilk biiyik hidroelektrik santrali
olma o6zelligindedir. Barajin gévde hacmi 568.000 m?,
akarsu yatagindan yiksekligi 80 m'dir. Normal su
kotunda g6l hacmi 1.900 hm?3, ylzey alanmi ise 83
km?*'dir. Baraj gélinlin uzunlugu 63 km, genigligi ise
yer yer 1 km ile 200 m arasinda degismektedir.
Eskigehir ili Alpu’da bulunan Goékgekaya Baraj
Sariyar baraji mansabinda yer alir. 1962-1972 yillar:
arasinda inga edilmigstir. Barajin gévde hacmi 650.000
m?, akarsu yatagindan yiiksekligi 115 m, normal su
kotunda g6l hacmi 910 hm?® ve gélalan1 20 km?*'dir.
Yenice Baraji, enerji turetmek amaciyla 1985-1999
yillar1 arasinda Eskigehir ili Yenice'de inga edilmigtir.
Barajin akarsu yatagindan yuksekligi 41 m ve yuzey
alam 3.6 km2dir.

Baraj gollerinde fitoplanktonun tiir kompozisyonunu
ve nispi bolluklarini belirlemek icin Yenice ve
Gokeekaya baraj gollerinden birer 6rnekleme noktasi,
Sariyar Baraj Goéli'nden ise 5 ornekleme noktasi
belirlenmigtir. Fitoplankton 6rneklemeleri Agustos ve
Kasim 2016 tarihlerinde 1iki mevsim olarak
gerceklestirilmistir. Bu o6rnekleme tarihleri su
sicaklig1 artigi, su seviyesinin dliigsmesi, ve besin tuzu
derigiminin artmasi1 ve suyun bekleme siiresinin
artmasi gibi gevresel faktoérlerin siyanobakterileryel
cogalmalar i¢in en uygun dénemler olmasi nedeni ile
belirlenmigtir. Fizikokimyasal analizler i¢in su
ornekleri ylizeyden Haziran 2016 Mayis 2017
tarihleri arasinda (Ocak ve Subat aylari hari¢) aylik
olarak Sariyar Barajindan 4, Yenice ve Gokcekaya
barajlarindan birer noktadan alinmigtir. Ornekleme
noktalar: Sekil 1, 2, 3 ve 4’te verilmistir. Ornekleme
noktalar1 barajlarin kirlilik yikini en iyl temsil
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edecek noktalardan secilmigtir. Ornekleme
noktalarina ait koordinatlar Cizelge 1’de verilmistir.

Cizelge 1. Ornekleme noktalarina ait koordinatlar
Table 1. Coordinates of sampling sites

Sariyar-1 40° 1'39.88"K - 31°27'0.41"D
Sariyar-2 40° 1'10.88"K - 31°35'25.23"D
Sariyar-3 40° 3'53.49"K - 31°39'58.90"D
Sarniyar-4 40° 1'27.30"K - 31°42'57.18"D
Sariyar-5 40° 3'1.51"K - 31°45'52.67"D
Gokgekaya 40° 2'23.66"K - 31° 0'56.15"D
Yenice 40° 3'41.27"K - 30°51'53.65"D

Gokgekaya Baraj Godil

Yenice Baraj Gala

Fizikokimyasal Analizler

Su sicakhig: (T, °C), elektriksel iletkenlik (EI, uS/cm),
pH ve ¢oziinmiis oksijen (CO, mg/L), WTW marka
34301 multiplus arazi 6lgiim seti ile arazi esnasinda
anlik olclilmiistiir. Amonyum azotu (NH4+N, mg/L)
indophenole blue metodu ile, Nitrit azotu (NO2-N,
mg/L) N-(1-Naphthyl)-ethylendiamine metodu ile,
Nitrat azotu (NOs-N, mg/L) 2,6-dimethylphenole
metodu ile ve Fosfat fosforu (PO+P, mg/L)
phosphomolybdenum blue metodu kullanilarak
Optizen Pop V Model UV Visible Spektrofotometre ile
standart yontemlere gore gerceklestirilmistir (APHA,
1998). Bu analizler Egirdir Su Uriinleri Enstitisi
Kimya Laboratuarlari’nda analiz edilmistir.

Sanyar Baraj GOl

Sekil 1. Sariyar, Gokgekaya ve Yenice Baraj gollerinin genel gérinimiu
Figure 1. Location of Sariyar, Gok¢ekaya and Yenice Dam lakes.

Sanyar Baraj Gold

Sanyar-3

Saryar-1
-]
Sarnwyar-2
w

Sekil 2. Sariyar baraji 6rnekleme noktalar:
Figure 2. Sariyar Dam sampling sites
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Gokcekaya
i

Sekil 3. Gokcekaya HES 6rnekleme noktalar:
Figure 3. Gok¢gekaya HEPP sampling sites

Yenice

Sekil 4. Yenice HES 6rnekleme noktasi
Figure 4. Yenice HEPP sampling sites

Fitoplankton Orneklemesi, Sayim ve Tanimlama

Baraj goéllerinde fitoplankton nispi bollugunu ve tir
cesitliligini belirlemek i¢in, 55 mikron g6z agikligina
sahip plankton kepcgesi ile Agustos 2016 tarihinde
belirlenen 6rnekleme noktalarinda yiizeyden yatay ve
su kolonundan dikey o6rnekleme yapilmigtir. Yatay
cekim tekne ile 0.5-1 m derinlikten, dikey ¢ekim ise 5
m derinlikten yiizeye dogru, toplam c¢ekim 5 dakika
olacak sekilde yapilmigtir. Agustos ayinda alinan
orneklerde yatay ve dikey 6rneklemede énemli bir fark
gozlenmedigi i¢in Kasim fitoplankton 6rneklemesinde
sadece dikey 6rnekleme yapilmigtir. Ornekler 250 ml
poliiiretan 6rnekleme kaplarina alinmis ve liigol (I-KI)
cozeltisi ile fikse edilmigtir. Tur teshisleri 1000x
biyltmeli Euromex marka 151k mikroskobunda
gergeklestirilmigtir. Alglerin tiir teshisleri Huber-
Pestalozzi (1961), Krammer & Lange-Bertalot (1991a,
1991b, 1997a, 1997b), Komarek & Anagnostidis (1999)
ve John ve ark. (2003)’e gore gerceklestirilmistir.
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Gokgekaya Baraj Golil

Yenice Baraj Golu

Baraj gollerinde fitoplankton tir cesitliligi ve
bolluguna gére Plankton Trofik Indeksi (PTI) (Phillips
ve ark., 2013) biyolojik su kalitesini belirlemek icin
Esitlik 1’de verilen formile gore hesaplanmigtir. aj
ornekteki j'inci taksonun orani ve sj 6rnekteki j'inci
taksonun optimumudur. Hesaplanan indeks sonuclari
1- (deger-min/maks-min) formiilii kullanilarak 0 — 1
araligina standardize edilmis ve biyolojik kalite orani
belirlenmigtir.

tiajsj
PTI= =L — (Esitlik 1)
j=1 a]
Istatistik Analizler
Baraj gollerinde belirlenen fizikokimyasal

degigkenlerin goéllere gore farkliliklarini tespit etmek
i¢in parametrik olmayan testlerden Kruskal Wallis
analizi uygulanmigtir. Kolmogorov Smirnov testine
gore verilerin normal dagilim géstermemesi ve baraj



KSU Tarim ve Doga Derg 27 (4), 802-816, 2024
KSU J. Agric Nat 27 (4), 802-816, 2024

Arastirma Makalesi
Research Article

gollerinde Dbelirlenen o6rnekleme miktarlarinin egit
olmamasi nedeni ile bu test segilmigtir. Coklu
karsilastirma testi olarak ise parametrik olmayan
Dunn’s testi uygulanmigtir. Her iki analiz de Past 4.03
paket programinda uygulanmistir. Baraj gollerindeki
fitoplanktonun zamansal ve mekéansal degisimini
belirlemek i¢in bir ordinasyon metodu olan Egilimsiz
Uyum Analizi (Detrended Correspondance Analysis,
DCA) uygulanmistir. Bu analizde taksonlarmn nispi
bolluklar1 kullanilmig ve nadir taksonlar analizden
cikarilmigtir. DCA analizinde CANOCO 4.5 paket
programi kullanilmigtar.

BULGULAR ve TARTISMA

Calisma donemi boyunca o6rnekleme noktalarinda
ol¢iilen bazi fizikokimyasal degiskenlerin tamimlayici
istatistikleri Cizelge 1’de verilmigtir. Her li¢ baraj
golinde de hafif alkaliden bazik karaktere dogru bir
pH gozlenirken, ortalama EI degerlerinin 1000
uS/em’in tuzerinde oldugu belirlenmistir. Kruskal-
Wallis analizi sonuclar1 NOs-N (A 6.99; p: 0.030) ve
NH+Nin (A 8.65 p: 0.013) baraj gollerinde
istatistiksel olarak anlaml farklilik gosterdigi tespit
etmistir (Cizelge 2, Sekil 5). NHsN Sariyar
Baraji’'ndan Yenice Baraji’'na dogru anlaml bir azalma
gosterirken, NOs-N ise istatistiksel olarak anlaml bir
artis gostermistir. Yillik ortalama NOs-N degerleri
Sariyar Barajinda 2.66+1.13, Gok¢ekaya ve Yenice
barajlar: ise sirasiyla 3.77+1.2 ve 3.18+1.2 mg/L olarak
tespit edilmistir. NH4-N Sariyar Baraji'nda 0.70+0.57,

Gokcekeya’da 0.27+0.12 ve Yenice’de ise 0.35+0.22
mg/LL  olarak belirlenmigtir. NOz-N  Sariyar’da
0.14+1.14,Gokcekeaya’da 0.1+0.53 Yenice ise 0.1+0.04
mg/L olarak tespit edilmistir.. PO4+P degerlerinin
yillik ortalamasi her ti¢ baraj goliinde de 0.45 mg/nin
iizerinde tespit edilmistir. (Cizelge 2). Fitoplankton
orneklemesinin  yapildign  Agustos ayinda CO
konsantrasyonunun Sariyar ve Yenice Baraj
gollerinde 16 mg/L'nin Ustiine ¢iktigi, her u¢ baraj
goliinde de Ekim ve Aralik aylarinda 3 mg/L’nin altina
dustigi belirlenmigtir. Agustos ayinda uygun su
sicakligt ve besin tuzu varhigina bagh olarak
fitoplanktonun ¢ogalmasi1 oksijen doygunlugunun
%200 seviyelerine ¢ikmasinin nedeni olabilir. Ekim-
Aralik 2106 tarihlerinde su seviyesinin dismesi,
azalan sicaklik, fitoplankton fotosentez oraninin
dismesi, yagislarin azalmasi ve artan oksidasyonun
CO konsantrasyonunun bazi noktalarda diismesine
neden olmug olabilir. Mart 2017 tarihinde ise CO
derisimi Sariyar ve Gokgekaya barajlarinda 15
mg/L'nin tizerine ¢ikmigtir. Sariyar Baraji’na 6zellikle
Ankara tarafindan yogun atik girdisi olmaktadir.
Ankara ve Porsuk caylar1 Ankara ve Eskigehir
illerinin kirlilik yiukiini Sakarya nehrine, buradan da
Sariyar Barajina tasimaktadir. Sariyar barajini
besleyen 6nemli akarsulardan biri de Kirmir Cayr’dir.
Bu akarsularda olugsan organik ve inorganik kirlilik
birbiri ile baglantili bu i¢ baraj goélinde kirlilik
yukinin yillara bagh olarak giderek artmasina neden
olmaktadir.

Cizelge 2. Baraj gollerinde belirlenen baz fizikokimyasal degiskenlerin tanimlayic: istatistikleri (ort+SS (min-

maks))
Table 2. Descriptive statistics of some physicochemical variables determined in dam lakes (mean+SD (min-max))
n T Cco pH EI

°C mg/L uS/cm
Sariyar B. 40  18.1+6.97(4.3-29.9) 9.98+5.24 (1.3-23) 8.7+0.54(8-10.57) 1185.68+247 (802-1807)
Gokcekaya B. 10 16.38+6.36 (8.5-27) 8.58+3.02 (4.6-13.53)  8.41+0.37(7.9-9.01) 1(1)23;8%141'57(765'
Yenice B. 10 14.50+3.93 (8-20.1) 12.51+6.78 (1.6-19.9)  8.86+0.54(8.1-9.61)  1026.30+12.8(775-1148)
P(Sig) 0.2260D 0.2300D 0.1420D 0.1580D

NH4-N NO2-N NOs-N PO4+-P

mg/L mg/L mg/L mg/L
Sariyar B. 40  0.702+0.57 (0.005-2.12)  0.14+1.14 (0.004-0.82)  2.662+1.13 (0.2-4.7)  0.47+0.27 (0.02-1.07)
Gokeekaya B. 10 0.27+0.12 (0.03-1.33) 0.1£0.53 (0.027-0.186)  3.77°+1.2 (1.5-5.1)  0.45+0.16 (0.17-0.63)
Yenice B. 10  0.352v+0.22 (0.03-0.61)  0.1£0.04 (0.01-0.14) 3.182b+1.2(1.54-5.1)  0.47+0.33 (0.08-1.04)
P(Sig) 0.015* 0.5990DP 0.030* 0.9440D

*: P<0.05, OD: P>0.05 6nemli degil (non-sig.); a ve b: Dunn’s ¢oklu kargilagtirma testi sonuclari. Aym harfle gosterilen veriler

arasinda fark yoktur.

Bu c¢alismada Yenice baraj golinde 73, Goékcekaya
baraj géliinde 64 ve Sariyar baraj golunde 108 alg
taksonu tespit edilmistir. U¢ baraj goliinde tespit
edilen toplam takson sayis1 ise 144’tuir. Takson
cesitliligi en yuksek divizyo Chlorophyta olmus ve tg
baraj golinde 69 takson tespit edilmistir. Ikinci en
yiksek takson sayisi 38 taksonla Bacillariophyta’da
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tespit edilmistir. Tespit edilen taksonlar
kisaltmalar1 Cizelge 3’te verilmistir.

Tespit edilen taksonlardan 28 tanesi her li¢ baraj
goliinde de belirlenmis olup biylk kismi kozmopolit ve
Turkiye’de yaygin olarak bulunan tirlerdir. Baraj géli
sistemindeki 144 taksonun 41 tanesi sadece Sariyar

baraj géliinde, 16 tanesi sadece Gokcekaya baraj

ve
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golinde ve 11 tanesi sadece Yenice Baraj goliinde

divizyoyu Bacillariophytanin izledigi goérilmektedir

tespit edilmigtir. Her ti¢ baraj géliinde de Chlorophyta (Sekil 6).
filumunun en yuksek takson sayisina sahip oldugu, bu
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Sekil 5. Olgiilen fizikokimyasal degiskenlerin 6rnekleme noktalarina gére degisimi
Figure 5. Variation of measured physicochemical variables according to sampling sites
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Cizelge 3. Sariyar, Gokcekaya ve Yenice baraj géllerinde tespit edilen alg taksonlar1 ve kisaltmalar: (*Daha énce
yapilan ¢alismalarda bildirilen taksonlar)
Table 3. Algal taxa and their abbreviations detected in Sariyar, Gokgekaya, and Yenice dam lakes (*Taxa reported
in previous studies)

Kisaltma Sariyar Gokcekaya  Yenice

Empire Prokaryota

Kingdom Eubacteria

Subkingdom Negibacteria

Phylum Cyanobacteria

Class Cyanophyceae

Aphanizomenon sp. Apha sp +

Chroococcus minutus (Kiitz.) Nageli * Chr min +
Cyanobium diatomicola (Geitler) Komarek, Kopeck & Ova di
. va dia
Cepak
Lept?]yngbya angustissima (West & G.S.West) Anagn.& Lep ang +
Komarek
Limnococcus Iimneticus (Lemmerm.) Komarkova, ¢ Limnlki N
Jezberova, O.Komarek & Zapomelova
Limnothrix redekei (Goor) Meffert Lim red + + +
Lyngbya sp. Lyng sp +
Microcystis aeruginosa (Kiitzing) Kiitzing * Mic aer +
Oscillatoria tenuis C.Agardh ex Gomont * Osc ten +
Phormidium sp. Phor sp. +
Planktothrix agardhii (Gomont) Anagn.&Komarek Pla aga + + +
Planktothrix isothrix (Skuja) Komarek & Komarkova Pla iso +
Plectonema sp. Plec sp +
Pseudanabaena catenata Lauterborn Pse cat +
Pseudanabaena limnetica (Lemmerm.) Komarek * Pse Iim +
Synechocystis aquatilis Sauvageau Syn aqua + +
Empire Eukaryota
Kingdom Chromista
Phylum Bacillariophyta
Subphylum Bacillariophytina
Class Bacillariophyceae
Subclass Bacillariophycidae
Amphora ovalis (Kiitz.) Kiitz. *  Amp ova + +
Amphora pediculus (Kiitz.) Grunow ex A.Schmidt *  Amp ped +
Cocconeis placentula Ehrenb. * Coc pla +
Craticula accommodate (Hustedt) D.G.Mann Cra acc + +
Craticula ambigua (Ehrenb.) D.G.Mann Cra amb +
Fallacia pygmaea (Kiitz.) A.J.Stickle&D.G.Mann Fal pyg +
Hippodonta hungarica (Grunow) Lange-Bertalot, .
Metzeltin & Witkowski Hip hun *
Navicula cryptocephala Kiitz. * Nav cry
Navicula sp. Nav sp + +
Navicula tripunctata (O.F Miiller) Bory de Saint-Vincent * Nav tri +
Navicula veneta Kutz. * Nav ven + +
Nitzschia acicularis (Kiitz.) W.Sm. Nit aci + + +
Nitzschia amphibia Grunow Nit amp + +
Nitzschia dissipata (Kiitz.) Grunow * Nit dis +
Nitzschia fonticola (Grunow) Grunow Nit fon
Nitzschia frustulum (Kiitzing) Grunow Nit fru + + +
Nitzschia gracilis Hanzsch Nit gra + +
Nitzschia linearis (Agardh) W.Sm. * Nit Iin +
Nitzschia palea (Kiitz.) W.Sm. * Nit pal + + +
Nitzschia paleacea (Grunow) Grunow Nit ple + + +
Nitzschia vermicularis (Kiitzing) Hantzsch * Nit ver +
Nitzschia umbonata (Ehrenberg) Lange-Bertalot Nit umb + +
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Pinnularia brebissonii (Kiitzing) Rabenhorst Pin bre +

Tryblionella apiculata Gregory Try api +

Subclass Fragilariophycidae

Diatoma tenuis C. Agardh Dia ten + +
Fragilaria capucina Desm. Fra cap +

Fragilaria capucina var. vaucheriae (Kiitz.) Lange-Bert. Frava +
Fragilaria sp. Fra sp +

Fragilaria tenera (W.Smith) Lange-Bert. Fra ten +
Fragilaria crotonensis Kitton Fra cro +

Ulnaria acus (Kiitz.) M.Aboal Uln acu + + +

Ulnaria danica (Kiitz.) Compére & Bukhtiyarova Uln dan + + +

Ulnaria delicatissima (W.Smith) M.Aboal & P.C.Silva Uln del + + +

Ulnaria ulna (Nitzsch) P.Compére. Uln uln + + +
Class Mediophyceae

Cyclotella meneghiniana Kutz. Cyc men + + +

Cyclotella sp. Cyc sp + + +
Stephanodiscus sp. Step sp + + +
Subphylum Coscinodiscophytina

Class Coscinodiscophyceae

Aulacoseira granulata (Ehrenb.) Simonsen Aul gra + +

Phylum Cryptophyta

Class Cryptophyceae

Cryptomonas ovata Ehrenb. Cry ova + + +

Cryptomonas erosa Ehrenberg Cry ero + + +
Phylum Miozoa

Subphylum Myzozoa

Infraphylum Dinozoa

Superclass Dinoflagellata

Class Dinophyceae

Diplopsalis acuta (Apstein) Entz Dip acu +
Parvodinium inconspicuous (Lemmermann) S.Carty Par inc +

Peridiniopsis cunningtonii Lemmermann Per cun +

Peridinium aciculiferum Lemmermann Per aci + +
Parvodinium pusillum (Penard) S.Carty Par pus +

Tripos furca (Ehrenb.) F.Gémez Tri fur +

Phylum Ochrophyta

Class Chrysophyceae

Kephyrion littorale J.W.G.Lund Kep It +

Ochromonas sp. Ochr sp + +
Class Synurophyceae

Mallomonassp. Mall sp +

Kingdom Plantae

Phylum Charophyta

Class Conjugatophyceae

Closterium acutum Brébisson Clo acu +

Cosmarium sp. Cosm sp + +
Staurastrum gracile Ralfs ex Ralfs Sta gra + + +
Phylum Chlorophyta

Class Chlorophyceae

Acutodesmus acuminatus (Lagerheim) P.M.Tsarenko Acu acu + + +
Ankyra Judayi (G.M.Smith) Fott Ank jud +
Asterococcus superbus (Cienkowski) Scherffel Ast sub +
Carteria sp. Cart sp +
Chlamydomonas sp. Chla sp +

Chlorococcum sp. Chlo sp + +
Coelastrum astroideum De Not. Coe ast + + +
Coelastrum microporum Néageli Coe mic + + +
Coenococcus planctonicus Korshikov Coen pl +
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Coenocystis planktonic var. hercynica (H.Henig) Fott Coe her +
Coenocystis planctonica Korshikov Coe pla + +
Comasiella arcuata (Lemmermann) E.Hegewald,
M. Wolf, Al.Keller, Friedl & Krienitz Com arc + + +
Comasiella arcuata var. platydisca (G.M.Smith)
E.Hegewald & M.Wolf Com pla + +
Desmodesmus armatus (R.Chodat) E.Hegewald Des arm +
Desmodesmus armatus var. longispina (Chodat) Des lon + + +
E.Hegewald
Desmodesmus bicaudatus (Dedusenko) P.M.Tsarenko Des bic +
Desmodesmus communis (E.Hegewald) E.Hegewald Des com + +
Desmodesmus intermedius (Chodat) E.Hegewald Des int + +
Desmodesmus magnus (Meyen) Tsarenko Des mag + +
Desmodesmus protuberans (F.E.Fritsch & M.F.Rich)
Des pro +

E.Hegewald
Desmodesmus opoliensis var. mononensis (Chodat) D

es mon + +
E.Hegewald
Dimorphococcus Iunatus A.Braun Dim lun + +
Fudorina elegans Ehrenb. Fud ele +
Fusola viridis J. W.Snow Fus vir +
Golenkinia radiata Chodat Gol rad +
Microspora sp. Micr sp +
Monoraphidium arcuatum (Kors.) Hind. Mon arc + +
Monoraphidium contortum (Thuret) Komark.-Legn. Mon con + +
Monorap]zz’djum griffithii (Berkeley) Komarkova- Mon gri + + +
Legnerova
Monoraphidium komarkovae Nygaard Mon kom + + +
Monorap]zzdzum minutum (Nigeli) Komarkova- Mon min +
Legnerova
Monoraphidium tortile (W.West&G.S.West) Koméark.-
Legn. Mon tor +
Mychonastes jurisii (Hindak) Krienitz, C.Bock, .
Dadheech & Proschold Mye jur * *
Pandorina morum (0.F.Miill.) Bory Pan mor + +
Pediastrum boryanum (Turpin) Menegh. Ped bor + + +
Pediastrum duplex Meyen Ped dup +
Pediastrum integrum Néageli Ped int +
Pseudoschroederia robusta (Korshikov) E.Hegewald &
E.Schnepf Pse rob +
Pteromonas aequiciliata (Gicklhorn) Chodat Pte aeq + + +
Quadrigula sp. Quad sp +
Radiococcus planktonic J. W.G.Lund Rad pla + +
Sphaerellopsis sp. Spha sp +
Sphaerocystis schroeteri Chodat Sph sch +
Tetradesmus bernardii (G.M.Smith) M.J. Wynne Tet ber + +
Tetradesmus dimorphus (Turpin) M.J Wynne Tet dim + + +
Tetraedron minimum (A.Braun) Hansg. Tetr mi + +
Tetraédron triangulare Korshikov Tetr tr + +
Tetrastrum staurogeniiforme (Schréder) Lemmermann The stau + +
Treubaria triappendiculata C.Bernard The tri + +
Volvox sp. Volv sp +
Westella botryoides (W.West) De Wildeman Wes bot + + +
Willea crucifer (Wolle) D.M.John, M.J.Wynne & .

Wil cru +
P.M.Tsarenko
Class Trebouxiophyceae
Actinastrum hantzschii Lagerheim * Act han + + +
Chlorella vulgaris Beij. * Chl vul + + +
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Closteriopsis acicularis (Chodat) J . H.Belcher & Swale Clos ac + +
Crucigenia tetrapedia (Kirchner) Kuntze Cru ted +
Dictyosphaerium pulchellum H.C.Wood * Dic pul + + +
Lagerheimia subsalsa Lemmermann Lag sub + +
Lemmermannia komarekii (Hinddk) C.Bock & Krienitz
in Bock et al. Lem kom +
Micractinium belenophorum (Korshikov) T.Proschold,

C.Block, W.Luo & L.Kreinitz Mecr bel +
Oocystis borgei J.Snow * Ooc bor + +
Oocystis angelic A.Braun Ooc nae +

Oocystis parva West & G.S.West Ooc par + +
Oocystis solitary Wittrock Ooc sol + + +
Schizochlamydella solitaria (G.M.Smith) B.Fott Sch sol +

Stichococcus bacillaris Nageli Sti bac +

Stichococcus varrables West & G.S.West Sti var +

Trochiscia reticularis (Reinsch) Hansgirg Tro ret + +
Trochiscia sp. Tro sp + +
Kingdom Protozoa

Phylum Euglenozoa

Class Euglenophyceae

Fuglena sp. Fugl sp +

Euglenaformis proxima (Dangeard) M.S.Bennett &

Triemer Fug pro +

Lepocinclis fusiformis (H.J.Carter) Lemmermann Lep fus +

Lepocinclis ovum (Ehr.) Lemm. Lep over +

Phacus sp. Phac sp + +
Trachelomonas hispida (Perty) F.Stein Tra his +

Trachelomonas volvocina Ehrenb. Tra vol +

Chlorophyta, Charophyta ve Cyanobacteria,
divizyosundan tespit edilen taksonlarin biyuk
kisminin planktonda yaygin olarak belirlenen

taksonlardir. Ancak Bacillariophyta divizyosundan
Bacillariophycidae  altsimifindan  tespit  edilen
taksonlar, fitoplanktondan g¢ok genellikle akarsu ve
gollerin bentik bolgeleri ile iligkilendirilirler. Yapilan
cesitli calismalarda da tikoplanktonik diyatome tiirleri
fitoplanktonda tespit edilmistir (Giirbiiz, 2020;
Morkoyunlu Yiuce & Aktas, 2020; Aksoy & Soylu,
2023). Ornekleme noktalarindan 5. istasyonun Kirmir
Cay1 girisine, 4. istasyonun ise Sakarya nehri girigsine
yakin olmasi bu akarsulardan suriklenme yolu ile
bentik diyatomelerin yogun bir sekilde tasinmasina
neden olmus olabilir.

DCA analizi sonunda ilk iki eksenin gradient
uzunluklar sirasiyla 5.304 ve 3.951 olarak
belirlenmistir. Tlk iki eksenin gradient uzunlugunun
>3’ten biiyiik olmasi (Ter Braak & Prentice, 1988) veri
setinin unimodal metodlara uygun oldugunu isaret
eder. DCA analizi sonucunda 6rnekleme noktalarinin
(Sekil 7) ve alg taksonlarinin (Sekil 8) 4 farkh grupta
toplandigr goriilmektedir. DCA diagramina goére
(Yenice baraj golii Agustos 2016 érnekleme noktalar:
A grubunda toplanmistir (Sekil 7). Bu o6rnekleme
noktalarmi temsil eden taksonlar Sekil 8de A
grubunda goérilmektedir. B grubunda ise Sariyar
Baraj goliinde Agustos 2016 tarihinde oOrneklenen
ornekleme noktalarinin kiimelendigi goérilmektedir
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(Sekil 8). D grubunda Gokcekaya baraj goliinde
Agustos 2016 tarihinde orneklenen noktalar
gruplanmigtir. C grubunda ise her Ug¢ baraj g6linin
Kasim 2016 tarihinde 6rnekleme yapilan érnekleme
noktalari kiimelenmistir. Bu bulgular bize her li¢ baraj
golunin ortak alg taksonlari icermelerine ragmen
ozelikle Agustos 2016 tarihinde her ti¢ baraj golinde
takson cesitliliginin farkl olduguna igsaret etmektedir.
Ancak Kasim 2016 tarihinde baraj gollerindeki alg
cesitliliginin benzer oldugunu gostermektedir.

Sekil 8e bakildiginda Sekil 7’den farkh olarak alg
taksonlarinin 3 ana grupta toplandig1 gérilmektedir.
A grubu Yenice Baraj goliinde Agustos 2016 tarihinde
orneklenen  6rnekleme  noktalarindaki  baskin
taksonlar1 gosteriken D grubu da Goékcekaya baraj
golinde Agustos 2016 tarihinde Orneklenen
noktalarda tespit edilen alg taksonlar: kiimelenmistir.
B ve C grubu ise belirgin olarak ayrilmamakla birlikte
alt bolumde Sariyar baraj goluinde baskin olan
taksonlarin kiimelendigi, ist bolimde ise her ti¢ baraj
golinde Kasim ayinda baskin olan taksonlarin
kiimelendigi gorilmektedir.

Baraj gollerinde tespit edilen fitoplankton taksonlar:
daha once yapilan ¢aligmalar ile karsilagtirildiginda
(Atic1 1999, 2002a, 2002b, 2002¢, 2004; Atict & Obali
2006; Atica ve ark., 2008; Akin ve ark., 2008, 2010; Atic1
& Katircioglu, 2009; Dokcan, 2010) ii¢ baraj goliinde
tespit edilen taksonlardan 49unun daha 6nce yapilan
calismalarda tespit edildigi, 95 taksonun ise birbiri ile
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baglantili bu tg¢ baraj goli sistemi i¢in yeni kayit
oldugu gériilmektedir (Cizelge 3). Tespit edilen bu

taksonlardan bazilar1 ilkemizde olarak

bulunan taksonlar olarak bilinirler.

yaygin

Euglenozoa Sariyar Baraji
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Sekil 6. Baraj gollerinde tespit edilen taksonlarin filumlara gére dagilimlari.
Figure 6. Distribution of taxa identified in dam lakes according to phyla.

Fitoplankton lentik su kutlelerinde su kalitesinin
biyolojik olarak belirlenmesinde kullanilan en 6nemli
canlh gruplarindan bir tanesidir. Standardize edilmig
PTT indeksi sonuclar1 (Sekil 9) incelendiginde, her ii¢
baraj golinde de indeks sonuglarimin 0.2 0.4
araliginda oldugu tespit edilmistir. Bu degerlerin su
kalite smiflarina gore karsihigi zayif su kalitesidir.
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Celekli ve Oztiirk (2014) yaptiklar: ¢calismada PTI'min
biyolojik olarak su kalitesini belirlemek i¢in uygun bir
fitoplankton metrigi oldugunu tespit etmiglerdir. Yine
yapilan bazi ¢alismalar PTI indeksinin barajlarin
ekolojik kalitesinin belirlenmesi i¢in uygun bir indeks
oldugunu ortaya cikarmistir (Celekli ve ark., 2018).
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Sekil 7. Baraj Gollerinde tespit edilen alg taksonlarin érnekleme noktalarina gére dagilimi. (liggen: Yenice Baraj
golu, daire: Sariyar Baraj golii, Yildiz: Gokgekaya baraj goli, Y: Yiizey ornekleme, D: Dikey 6rnekleme, It
Birinci 6rnekleme dénemi (Agustos 2016), II: Ikinci 6rnekleme dénemi (Kasim 2016).

Figure

7. Distribution of algal taxa identified in dam lakes according to sampling sites (triangle: Yenice Dam

reservoir, circle’ Sariyar Dam reservoir, Star' Gokg¢ekaya reservoir, Y. Surface sampling, D-: Vertical
sampling, I' First sampling period (August 2016), II: Second sampling period (November 2016).

Kafes balikgihiginda balik 6limlerinin  en ¢ok
gozlendigi donemler su sicakhigimin yikseldigi,
¢ozinmis oksijenin dustigil, azalan yagislar nedeni
ile su seviyesinin dustiik seyrettigi ve buna bagh olarak
fizikokimyasal  kirleticilerin  derigiminin  artig
gosterdigi yaz ve sonbahar aylaridir. Yaz aylarinda
gozlenen bu faktorler ayn1 zamanda siyanobakteriyel
cogalmalara cok iyi bir zemin olugturmaktadir. Ug
baraj géliinde de Cyanobacteria filumu'nun takson
cesitliligi yiiksek bulunmamistir (Sekil 4). Ancak bazi

taksonlarin nispi  bolluklarinin yiiksek oldugu
gérilmustuir. Bu Cyanobacteria taksonlari
siyanotoksin lretme potansiyeline sahip olan

taksonlar olmalar1 (Boophati & Ki, 2014) sebebi ile
onem arz etmektedir. Kigcik boyuta sahip olan
siyanobakter Synechocystis aquatilis, Sariyar baraj
golinde Agustos 2016 tarihinde tum istasyonlarda
gozlenmis ve nispi bollugu % 40’lara kadar ¢ikmigtir.
Ayrica Limnothrix redekei Sariyar Baraj goélinde
Agustos 2016 tarihinde ilk ¢ istasyonda gérilmis ve
nispi bollugu % 40’lara kadar ¢ikmigtir. Oscillatoria
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tenuis ise yine Sariyar baraj goliinde Agustos 2016’da
gbzlenmig ve nispi bollugu % 20’lere kadar gitkmistir.
Planktothrix agardhii ve Sariyar Baraji’nda Agustos
2016’da sadece 4. ve 5. 6rnekleme noktasinda tespit
edilirken Kasim 2016’da her ti¢ baraj géliinde de
gozlenmis ve bu ayda mnispi bollugu % 2071lere
ulasmistir. Planktothrix isotrix ise sadece Sariyar
Baraj golinde tespit edilmis ve Agustos 2016’da 4. ve
5. ornekleme noktalarinda nispi bollugu % 20’nin
uzerine gikmigtir. Sariyar baraj gélinde Microcystis
aeruginosa turinde tespit edilmis Agustos 2016’da
gbzlenen bu tur sadece birka¢ 6rnekleme noktasinda
dustk sayilarda tespit edilmigtir. Daha 6nce yapilan
calismalarda Sariyar Baraj Géli'nde bu tirin varhig
tespit edilmistir (Atic1 1999, 2004). Aphanizomenon sp.
ise sadece Gokgekaya baraj golinde Kasim 2016’da az
sayida tespit edilmistir. Planktothrix agardhii,
Microcystis aeruginosa ve Aphanizomenon sp. Koker
ve ark. (2017) tarafindan hiperstrofik ve/veya otrofik
su kiitlelerinde asir1 ¢ogalmalar yapan toksin iiretme
potansiyeline sahip taksonlar olarak tanimlanmastir.
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Sekil 8. Baraj géllerinde tespit edilen alg taksonlariin nispi bolluklarina gére ordinasyon grafigi (Taksonlarin
kisaltmalar: Cizelge 2'de verilmistir).

Figure 8 Ordination graph according to the relative abundance of algal taxa identified in the dam lakes.
(Abbreviations are given in Table 2).
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Sekil 9. Standardize edilmis PTI indeksi sonuclari (Sa: Sariyar, G6: Gokcekaya, Ye: Yenice, Y: yiizey, D: dikey, Ag:
Agustos, Ka: Kasim)
Figure 9. Standardized PTI index results (Sa: Sariyar, Go: Gékgekaya, Ye: Yenice, Y- surface, D: vertical, Ag-
August, Ka' November)
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SONUC ve ONERILER

Baraj gollerinde tespit edilen M. aeruginosa,
mikrosistin adl1 bir¢ok varyant: bulunan hepatotoksin
uretme potansiyeline sahip bir siyanobakteri tirtdur
(Boophati & Ki, 2014). Synechocystis aquatilis
tiiriiniin de mikrosistin iirettigi (Magalhdes ve ark.,
2003) bilinmektedir. Aphanizomenon,
Dolichospermum ve Oscillatoria cinslerine ait baz
tirlerin mikrosistin, anatoksin, saksitoksin gibi bir¢ok
farkl toksini iirettikleri bildirilmektedir (Boophati &
Ki, 2014). Yukarida s6z edilen Cyanobacteria
taksonlarinin toksin tUretebilme potansiyeli oldugu
icin Ozellikle Sariyar Baraj goliinlin siyanotoksin ve
toksin Ureten taksonlar agisindan izlenmesi gerektigi
sonucuna varilmigtir.

Daha onceki su kalitesi ile ilgili yapilan c¢alismalar
(Atica ve ark., 2008; Akin ve ark. 2011) ve bu
calismada elde edilen veriler goz 6ntune alindiginda her
¢ baraj golunun de Alabalik gibi kirlilige tolerans
gostermeyen balik yetistiriciligi i¢in uygun olmadigi
sonucuna varilmigtir. PTI indeksi sonuglar1 da bu
bulguyu desteklemektedir. Ancak sazan gibi daha
toleranshi  tirlerin  Uretiminde baraj  golleri
kullanilabilir. Baraj go6llerinin rehabilitesi igin
ozellikle Sariyar barajina kesinlikle atik girigine engel
olacak tedbirler alinmalidir. Bunun i¢in kirli sularin
aritimi i¢in gerekli aritma faaliyetlerinin uygulanmasi
gerekmektedir.

TESEKKUR

Bu calisma TAGEM Sariyar, Gokcekaya ve Yenice
Baraj Gélleri'nin (Eskisehir, Ankara) Trofik Seviyesi
ve Alabalik Yetistiriciligi Acisindan Incelenmesi (Proje
No: TAGEM/HAYSUD/2017/A11/P-03/3) adli proje
kapsaminda gerceklestirilmigtir. Bu proje
calismasinin arazi ve laboratuvar calismalarinda
katki saglayan tim arkadaslara tesekkiir ederiz.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmas1 Beyan1i
Makale yazarlar1 aralarinda herhangi bir gkar

catismasi olmadigini beyan ederler.
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ABSTRACT Horticulture

In this study, the responses of OHXF 333 and OHXF 97 pear clonal

rootstocks to salt stress were investigated. For this purpose, in vitro, Research Article

plants of OHXF 333 and OHXF 97 pear clonal rootstocks were cultured in

% MS medium containing different concentrations of salt (0, 50, 100, 150, Article History

and 200 mM NaCl). To adapt the plants to salt stress, the doses of NaCl Received :01.09.2023
added to the medium were gradually increased at weekly intervals. In Accepted 103.12.2023
the experiment, in parallel with the increasing salt stress, the

regeneration rate and shoot number values decreased, while the degree Keywords

of damage increased significantly. It was determined that most of the Pear

shoots died in the application of 200 mM NaCl. When the effects of Proline

different salt concentrations on biochemical parameters were examined, Salt stress

it was determined that total phenolics, total flavonoids, proline, and Total phenolic

soluble protein contents decreased, while lipid peroxidation increased in
parallel with salt concentrations. However, it was determined that there
was an increase in the total phenolic and flavonoid contents in 150 mM
NaCl application.
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OHXF 333 ve OHXF 97 Armut Klon Anaglarimin Tuz Stresine Tepkilerinin in vitro Kogullarda

Belirlenmesi
OZET Bahge Bitkileri
Bu calismada OHXF 333 ve OHXF 97 armut klon anacglarinin tuz stresine )
gosterdigi tepkiler arastirilmistir. Bu amagla OHXF 333 ve OHXF 97 Aragtirma Makalesi
armut klon anac¢larinin in vitro bitkileri kademeli olarak artirilan farkl Makale Tarihcesi
konsantrasyonlarda tuz (0, 50, 100, 150 ve 200 mM NaCl) iceren % MS Gal' a’I? ahrl g:e.511 909
ortaminda kultire alinmistir. Denemede in vitro kosullarda tuz Ke ];S 1 r?rl. }11 ) 01.09.2023
konsantrasyonlar: arttik¢a, rejenerasyon orani ve siirglin sayisi degerleri abul Tarihu - 03.12.2023
azalmig, zararlanma derfzcesi"isen 6{1emli derecede art.n}lst'lr. ZQO mM Anahtar Kelimeler
NaCl uygulamasinda ¢ogu siirginin canlhiliklarini yitirdikleri tespit Armut
edilmigtir. Farklh tuz konsantrasyonlarinin biyokimyasal parametreler Proli
. . .. o . ) rolin
tizerindeki etkisi incelendiginde toplam fenolik madde, toplam flavonoid Tuz stresi

madde, prolin ve ¢o6zlunebilir protein igeriklerinin azaldigi, lipid
peroksidasyon iceriginin ise tuz konsantrasyonlarina paralel sekilde
arttigr belirlenmistir. Ancak toplam fenolik ve flavonoid madde
iceriklerinde 150 mM NaCl uygulamasinda tekrar bir yiikseligin oldugu
tespit edilmigtir.
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INTRODUCTION human beings will face a serious nutritional problem

The decrease in natural resources in the world day by
day reveals new searches in agriculture as in every
field. The decrease in agricultural areas and product
productivity due to the increasing world population
and the effect of various stress factors shows that

in the coming years. The efforts to obtain the highest
efficiency from the existing production areas have
accelerated depending on the increase in the world
population. In addition, scientists have stated that
deterioration in the climate system will cause negative
consequences. Tirkiye is among the countries that will
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be most affected by climate change due to global
warming. If the necessary precautions are not taken,
the factors that contribute to the disruption of the
natural balance will progressively intensify, ultimately
resulting in climate changes caused by global
warming. Because, due to human reasons, the increase
in greenhouse gas accumulations and particles in the
atmosphere, the destruction of the natural
environment, and the depletion of the ozone layer, will
cause a global temperature increase (Oztirk, 2002;
Hayaloglu, 2018). Temperature increases, on the other
hand, will activate many stress factors such as
decreased precipitation, drought, and salinization of
the soil, and this will have negative consequences. In
particular, these abiotic stressors have limiting effects
on global food security, quality, and plant productivity
(Hayaloglu, 2018; Yildirim et al., 2021). Soil quality
and health are one of the most important factors for
fruit cultivation (Ko¢ and Yakupoglu, 2022).
Approximately 20% of the irrigable agricultural lands
in the world are adversely affected by soil salinity. This
problem has increased with the excessive use of
fertilizers, inappropriate use of irrigation water,
natural environmental conditions, and global climate
change (Zhao et al., 2021). Salinity is one of the
important environmental stress factors that negatively
affect the development, quality, and yield of plants. In
crop production, approximately 50% of crop losses
occur due to abiotic stress factors. An area of 6% in
total, 30% of the irrigable areas, is faced with soil
salinity today. On the other hand, improper cultural
practices (such as fertilization, and irrigation) cause an
increase in salinity (Hasaruzzaman et al., 2013).

Salt stress is an abiotic stress factor that adversely
affects all stages of the plant such as germination,
development, flowering, and fruit set. High Na
concentrations in saline soil limit plant water uptake
and nutrient absorption. Lack of water and nutritional
imbalance cause osmotic stress and ionic stress
problems. Various physiological and molecular
changes occur with salt stress and it causes problems
in plant growth and development by limiting
photosynthesis (Van Zelm et al., 2020; Gong, 2021).
This shows that salt stress is an important abiotic
stress factor. Studies have reported that damages
occur 1In pear rootstocks under salt stress due to the
transport of Na and Cl ions to the leaves (Matsumoto
et al.,2006a).

To meet the increasing agricultural production need, it
is necessary to carry out plant production in unsuitable
areas. Although there are some differences in salt
tolerance between plant species and cultivars, it is
known that the majority of cultivated plants are
generally sensitive to salinity (Kusvuran et al., 2008).
Studies on the development of salt-tolerant rootstocks
or cultivars have gained importance in growing under
salt-stress conditions in fruit growing. In addition, the
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tolerance levels of existing rootstocks and cultivars to
salt stress should also be determined. In this regard,
Asian (Pyrus betulaefolia Bunge., P. pyrifolia Nakai,
and P. xerophila Yu) and Mediterranean pear species
(P. amygdaliformis Vill. and P. elaeagrifolia Pall) were
irrigated with 75 mM and 150 mM NaCl solutions for
30 days and salt tolerance levels were determined.
According to the research, it was determined that
Mediterranean pear species are more tolerant to salt
than Asian species (Matsumoto et al., 2006b). Some
studies have been conducted to determine the salt
stress tolerance of some pear rootstocks (Aydinli, 2021;
Javadisaber et al., 2024). However, detailed studies
are needed to determine tolerance mechanisms against
stress conditions. There are significant differences
according to genotypes, especially in the synthesis of
biochemical substances such as phenolics, flavonoids,
and proline.

In this study, it was aimed to determine the responses
of OHXF 333 and OHXF 97 pear clonal rootstocks to
salt stress at different concentrations in vitro. For this
purpose, some morphological (shoot number, shoot
length, degree of damage) and biochemical (total
phenolic, total flavonoid, proline, soluble protein, lipid
peroxidation) analyses were performed on rootstocks.

MATERIAL and METHOD
Material

In this study, shoot tips taken from OHXF 333 and
OHXF 97 pear clonal rootstocks were used as material.
The experiment was carried out at Isparta University
of Applied Sciences, Faculty of Agriculture,
Department of Horticulture, Tissue Culture
Laboratory in 2020-2021. Autoclavable glass magentas
were used for cultures in the study. Forceps, scalpels,
and sterile filter papers were used as materials at all
stages of in vitro culture. MS medium and agar used in
the study were purchased from Duchefa Biochemie
B.V. (Haarlem, The Netherlands). NaCl, BAP, IBA,
sucrose, gallic acid, catechin, and proline were
obtained from Merck (Merck KGaA, Germany).

Method
Sterilization

The prepared media were distributed in glass
magentas with an internal volume of 100 ml, with
approximately 25 ml of medium. Then, the media were
sterilized by keeping them in an autoclave set at 121
°C for 15 min (San et al., 2015).

The 2-3 cm shoot tips used in the study were taken in
May 2020 and first washed under tap water for 15 min.
After being kept in 70% ethanol for a min., it was
washed with sterile distilled water to remove alcohol.
In the last stage, shoot tips were kept in a 20% sodium
hypochlorite solution (15% Cl content) containing a few
drops of Tween 20 for 18 min by shaking. At the end of
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the period, the shoot tips taken into the laminar air
flow cabinet were washed with sterile distilled water 3
times for 5 min each to remove sodium hypochlorite
(Tuncel & San, 2023). The sterile shoot tips were left
on sterile filter paper and their moisture was removed.
Then, the shoot tips prepared in 0.5-1 cm length were
planted in nutrient media.

Salt stress experiment

Sterilized shoot tips were prepared about 0.5-1 ¢cm in
length and planted in nutrient media in magenta
containers. MS medium (Murashige & Skoog, 1962)
was used in all stages of the experiment.

Microshoots were propagated by subcultures at 4-week
intervals until sufficient shoot numbers were reached
for the salt stress experiment. In the propagation step,
1.5 mg/L BAP, 0.1 mg/L IBA, and 30 g/L sucrose were
added to the MS medium. After the pH of the medium
was adjusted to 5.7, 7 g/LL agar was added and
sterilized. In vitro, cultures at the propagation stage

were incubated in a climate chamber set at 22 °C and
16 hours of light and 8 hours of darkness. The
experiment was initiated once the required number of
shoots was reached in the research.

In the experiment, approximately 1-1.5 cm of in vitro
shoots were planted in the medium. In the study,
different concentrations of NaCl (0, 50, 100, 150, and
200 mM) were added to the % MS medium (Table 1).
The pH of the nutrient media was adjusted to 5.7. The
shoots were incubated in a climate chamber set at 22
°C and 16 hours of light/8 hours of darkness (Calhan,
2020). The incubation process took a total of 8 weeks
under salt stress conditions. The conclusion of the
experiment involved the investigation of certain
morphological traits, such as regeneration rate, shoot
length, the number of shoots, and the degree of
damage. At the same time, the experiment included
the determination of biochemical parameters such as
total phenolics, total flavonoids, lipid peroxidation,
proline, and soluble protein contents.

Table 1. Applications of different NaCl concentrations on OHXF 333 and OHXF 97 pear clonal rootstock
Cizelge 1. OHXF 333 ve OHXF 97 armut klon anag¢larina farkli NaCl konsantrasyonlar: uygulamalari

Incubation in % MS medium without NaCl for a week, then in medium containing 50

Incubation in % MS medium without NaCl for a week, in the medium containing 50
mM NaCl for a week, and then in the medium containing 100 mM NaCl for 6 weeks

Incubation in % MS medium without NaCl for a week, in a medium containing 50 mM
NaCl for a week, in a medium containing 100 mM NaCl for a week, and then in a

Incubation in % MS medium without NaCl for a week, in a medium containing 50 mM
NaCl for a week, in a medium containing 100 mM NaCl for a week, in a medium

Treatments* Incubation conditions
Control (0 mM NaCl) Incubation in % MS basal medium for 8 weeks
50 mM NaCl mM NacCl for 7 weeks
100 mM NaCl
150 mM NaCl

medium containing 150 mM NaCl for 5 weeks
200 mM Na(Cl

containing 150 mM NaCl for a week and then in a medium containing 200 mM NaCl

for 4 weeks

*30 g L1 sucrose, 7 g L1 agar, 1.5 mg L' BAP and 0.1 mg L1 IBA were added to all nutrient media.

Measurement and Analysis

Regeneration rate! It was determined by the ratio of
new shoot-forming explants to the total number of
explants cultured and expressed as %.

Shoot length: Shoot lengths were measured with the
help of a digital caliper and determined by calculating
the average.

Number of shoots: The shoots that emerged on the
main explant were counted averaged and determined
as number/explant.

The degree of damage: The degree of damage seen in
the explants in the experiment was scored according to
the following scale (Sivritepe et al., 2008).

1: Very severe damage (complete drying of explants)
2: Severe damage (chlorosis and local drying of
explants),

3: Moderate damage (severe chlorosis on explants and
developmental arrest),
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4: Less damage (chlorosis and poor growth of explants),

5. No damage (explants are healthy and growth is
good.).

Total phenolic analysis: Total phenolic contents were
made by modifying the Folin-Ciocalteau method
specified by Singleton and Rossi (1965). The results
were calculated according to the gallic acid standard
and are expressed as mg GAE g1 fresh weight (FW).

Total flavonoid analysis: Total flavonoid analysis was
carried out by modifying the method specified by
Zhishen et al. (1999). The results were calculated
according to the catechin standard and expressed as
mg CE g1 FW.

Soluble protein analysis: Soluble protein analysis was
performed by modifying the method specified by
Hartree (1972). Results were calculated according to
BSA (Bovine Serum Albumin) standardization and are
expressed in mg g1 FW.
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Lipid peroxidation analysis: Lipid peroxidation was
carried out by modifying the method determined by
Jiang et al (2010). Results are expressed as nmol g
FW.

Proline analysis: Proline analysis was performed
according to the method described by Li et al. (2012).
The results were calculated according to the D-Proline
standard and expressed as umol g1 FW.

Experimental Design and Data Analysis

The experiment was planned according to the factorial
randomized plots experimental design with 3
replications and 10 explants in each replication. A total
of 150 microshoots were used for each rootstock in the
study. The obtained data were subjected to variance

analysis in the Minitab package program (MINITAB
17 inc). The difference between the significant means
was determined according to the Tukey test and shown
with different letters (Mathews, 2004). The results
were given as standard errors in the tables.

RESULTS
Morphological Features

In the study, the effects of salt stress on regeneration
rate, shoot number, shoot length, and degree of
damage were investigated in OHxF 333 and OHXxF 97
pear clonal rootstocks. Analysis of variance was
applied to the obtained data and the results are
presented in Table 2.

Table 2. The effects of different NaCl applications on morphological values in OHXF 333 and OHXF 97 pear

clonal rootstocks

Cizelge 2. OHXF 333 ve OHxF 97 armut klonal anag¢larinda farkli NaCl uygulamalarinin morfolojik degerler

lizerine etkileri

Salt .stretss Regeneration Shoot length Shoot number Degree of
Rootstocks applications damage
rate (%) (mm) -5
range)
Control 90+6.1 ab* 15.3+1.48bc 3.94+0.44 ab 4.6+0.25 a
50 mM NaCl 70+12.2 abed 17.5+£1.69 abe 2.70+0.29 cd 3.6+0.25 ab
OHXF 333 100 mM NaCl 80+6.1 abc 17.9+0.73 abe 2.204+0.20 cde 4.6+0.25 a
150 mM NaCl 40+10.0 de 20.3+1.67 abc 1.50+£0.16 e 4.2+40.37 a
200 mM NaCl 20+12.2 e 17.6+£1.62 abce 1.10+£0.10 e 1.2+0.20 ¢
Control 100+0.0 a 17.4+1.14 abce 4.15+0.29 a 4.6+0.25 a
50 mM NaCl 80+9.3 abe 21.5+0.89 ab 2.90+0.23 be 4.240.20 a
OHXF 97 100 mM NaCl 60+6.1 bed 21.9+1.43 a 2.00+0.18 cde 3.4+0.51 ab
150 mM NaCl 50+7.9 cde 20.9+1.96 abc 1.60+0.15 de 2.6+0.51 be
200 mM NaCl 15+6.1 ¢ 14.5+0.63 ¢ 1.15+£0.06 e 1.2+0.20 ¢
Control 95+3.3 a 16.4+0.93 b 4.04+0.25 a 4.6+0.16 a
Applications 50 mM NaCl T5+7.4 a 19.5+1.12 ab 2.80+0.18 b 3.9+0.18 ab
Mean 100 mM NaCl 73+5.8 a 19.9+1.00 ab 2.10+0.13 ¢ 4.0+0.33 ab
150 mM NaCl 45+6.2 b 20.6+1.22 a 1.55+0.10 cd 3.4+0.40 b
200 mM NaCl 18+6.5 ¢ 16.1+0.97 b 1.13+0.06 d 1.2+0.13 ¢
Rootstocks OHXF 333 61+6.8 17.8+0.69 2.29+0.23 3.64+0.28 a
Mean OHXxF F 97 61+6.5 19.2+0.79 2.36+0.23 3.20+£0.29 b

* The difference between the means shown with different letters for each rootstock is statistically significant. (p<0.05)

In the evaluation of the regeneration rate, it was
observed that the interaction between the rootstock
and application had notable significance (Table 2). It
was observed that the regeneration rates decreased as
the salt concentration increased in both rootstocks. In
the study, the highest regeneration rates were
observed in both OHXF 333 and OHXF 97 rootstocks in
the control application (90% and 100%, respectively).
It was determined that the lowest regeneration rate
was 20% in OHXF 333 rootstock and 15% in OHXF 97
rootstock in 200 mM NaCl application. When the
application means were examined, the difference
between the applications was found to be significant.
The average regeneration rate was determined as 95%
in the control application and 18% in the 200 mM NaCl

application. There was no statistically significant
difference between rootstocks in terms of regeneration
rate.

Rootstock x application interaction was found to be
statistically significant in terms of shoot length. While
there was no difference between applications in OHXF
333 rootstock, 200 mM NaCl application in OHXF 97
rootstock significantly reduced shoot length compared
to control. Considering the application averages, the
difference was found to be statistically significant. The
highest shoot length was determined as 20.6 mm in
150 mM NaCl concentration, and the lowest shoot
length was 16.1 mm in 200 mM NaCl application.
There was no statistical difference between rootstocks
in terms of shoot length.

820



KSU Tarim ve Doga Derg 27 (4), 817-827, 2024
KSU J. Agric Nat 27 (4), 817-827, 2024

Arastirma Makalesi
Research Article

In the study, rootstock x application interaction was
significant in terms of shoot number. The highest shoot
number was observed in the control application in both
OHXF 97 and OHXF 333 rootstocks (4.15 and 3.94,
respectively). It was determined that there was a
decrease in the number of shoots of the plants in
parallel with the increase in the applied salt
concentrations. It was determined that the lowest
shoot number values were 1.10 in OHXF 333 rootstock
and 1.15 in OHXF 97 rootstock in 200 mM NaCl
application. Considering the application averages, the
difference was found to be statistically significant. It
was determined that the highest shoot number was
4.04 in the control application, and the lowest shoot
number was 1.13 in the 200 mM NaCl application.
There was no statistically significant difference
between rootstocks in terms of the number of shoots.

In terms of the degree of damage, rootstock x
application interaction was found to be statistically
significant. The signs of damage to the plants were
manifested as weak shoot development, chlorosis, and
drying of the leaves. When the values in Table 2 were
examined, it was determined that the highest damage
was observed in 200 mM NaCl application with a value
of 1.2 for both rootstocks (Figures 1 and 2). In this
application, it was observed that although some plants
were alive, most plants died. Considering the
application averages, the difference was found to be
statistically significant. In parallel with the increase in
salt concentration, the damage status of the plants also
increased. When the rootstocks were compared in
terms of damage, it was seen that OHXF 333 rootstock
was relatively more tolerant to salt stress conditions
than OHXF 97 rootstock (3.64 and 3.20, respectively).

Fig. 1. Growth of OHXF 97 rootstock in % MS medium containing different concentrations of NaCl
Sekil 1. Farkli konsantrasyonlarda NaCl i¢ceren ¥ MS ortaminda OHXF 97 anacinin gelismesi

iy <

Nacl

2448 ¥

50 mM NaCi

100 mM NaCl

Fig. 2. Growth of OHXF 333 rootstock in ¥4 MS medium containing different concentrations of NaCl
Sekil 2. Farkli konsantrasyonlarda NaCl i¢ceren » MS ortaminda OHXF 333 anacinin gelismesi

Biochemical Properties

In the study, the effects of salt stress treatments on
total phenolic, total flavonoid, lipid peroxidation, and
proline contents of OHXF 333 and OHXF 97 pear clonal
rootstocks were investigated. The results are given in
Table 3.
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In salt stress studies, because of high damage to plants
in media containing 200 mM NaCl, sufficient plant
samples could not be taken for biochemical analysis.
Therefore, biochemical analyses were not performed in
200 mM NaCl application. In the study, rootstock x
application interaction was found to be statistically
significant in terms of total phenolic content. The
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highest total phenolic was determined in OHXF 333
rootstock in the control application (4.66 mg g'1). It was
detected in 150 mM NaCl application (1.98 mg g') in
OHXF 97 rootstock. The lowest total phenolic contents
were found in OHXF 333 and OHXF 97 rootstocks in
100 mM NaCl application (1.99 mg g and 0.83 mg g1,
respectively). In the study, as the salt concentrations
increased, a decrease was observed in the total
phenolic content. However, in the application of 150
mM NaCl, an increase was detected again in both

rootstocks. The difference between the salt stress
application averages was found to be statistically
significant. It was determined that the highest total
phenolic content was in the control application, while
the lowest content was determined at 100 mM NaCl
concentration. The difference between rootstocks was
also significant. Accordingly, while the total phenolic
content of OHXF 333 rootstock was 3.02 mg g1, this
value was found to be 1.60 mg g?! in OHXF 97
rootstock.

Table 3. The effects of NaCl applications on biochemical properties of OHXF 333 and OHXF 97 pear clonal

rootstocks.
Cizelge 3. NaCl uygulamalarinin OHxF 333 ve OHxF 97 klon armut anaglarinin biyokimyasal 6zelliklerine
etkileri
Total Total Soluble MDA .
Salt stress . . . . Proline
Rootstocks licati phenolics flavonoids protein (nmol g1 ( 1o FW)
apprcations (mgg'FW) (mgg!'FW) (mgg'FW) FW) Hmole
Control 4.66+£0.13 a* 0.53+0.01 ab  0.76+0.06 cd  23.0+1.41ab 111.0+2.41 a
OHXF 333 50 mM NaCl 2.12+0.02 ¢ 0.44+0.01 b 0.82+0.04cd  26.9+t1.19 a 48.4+1.48 b
100 mM NaCl 1.99+0.10 cd  0.43+0.02 Db 0.64+0.08 de  23.2+1.61ab  13.9+0.10Db
150 mM NaCl  3.22+0.09 b 0.55+0.02 ab  0.45+0.03 e 22.9+0.47 ab  40.5+0.90 b
Control 1.87+0.06 cd  0.49+0.03 ab  1.38+0.02 a 16.1+0.70 ¢ 23.1+1.16 b
OHXF 97 50 mM NaCl 1.66+0.10d 0.67+0.14 ab  0.97+0.05 bc 20.7+1.19 be 18.8+1.60 b
100 mM NaCl 0.83+0.03 e 0.44+0.05 b 1.11+0.02 b 22.9+0.37ab 21.7+1.81Db
150 mM NaCl 1.98+0.05cd  0.90+0.21 a 0.81+0.03cd  21.3+0.90 b 24.2+2.89 b
Control 3.30+0.43 a 0.51+0.02 ab  1.07+0.10 a 19.5+1.14 b 67.3+19.80 a
Applications 50 mM NaCl 1.20+0.10 ¢ 0.55+0.07 ab  0.90+0.04 b 23.8+1.08 a 33.6+2.15 b
mean 100 mM NaCl 1.40+0.18 d 0.44+0.03 b 0.90+0.08 b 23.0£0.70 a 17.8+1.92 b
150 mM NaCl 2.60+0.20 b 0.72+0.11 a 0.70£0.05 ¢ 22.1+0.40 ab  32.4+3.89 Db
Rootstocks OHXF 333 3.02+£0.23 a 0.50+0.01 b 0.70+£0.04 b 24.0+0.49 a 53.6+11.40 a
mean OHXF 97 1.60+0.10 b 0.62+0.07 a 1.10+0.05 a 20.2+0.75 b 22.0£1.04 b

* The difference between the means shown with different letters for each rootstock is statistically significant. (p<0.05)

Rootstock x application interaction was found to be
significant in terms of total flavonoid content. The
highest total flavonoid content was observed in 150
mM NaCl application (0.55 mg g! in OHXF 333, 0.90
mg g1 in OHxF 97) on both rootstocks. However, it was
determined that salt stress applications did not
significantly affect the total flavonoid content in OHXF
333 rootstock. The difference between the salt stress
application averages was found to be statistically
significant. The highest value was determined in the
application of 150 mM NaCl, while the lowest value
was observed in the application of 100 mM NaCl. The
difference between rootstocks in terms of total
flavonoid content was statistically significant. In this
respect, the total flavonoid content of OHXF 97
rootstock was higher than that of OHXF 333 rootstock
(0.62 mg g'! and 0.50 mg g'!, respectively).

Rootstock x application interaction was found to be
statistically significant in terms of soluble protein
content. In the study, the highest soluble protein
content was found in 50 mM NaCl application for
OHXF 333 (0.82 mg g!) and control (1.38 mg g for
OHXF 97. The lowest soluble protein content was
detected in the application of 150 mM NaCl on both
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OHXF 333 and OHXF 97 rootstocks (0.45 mg g and
0.81 mg g, respectively). The difference between the
salt stress application averages in terms of soluble
protein was found to be statistically significant. It was
determined that the highest soluble protein content
was in the control application. The difference between
rootstocks in terms of soluble protein content was
found to be statistically significant. Accordingly, while
the soluble protein content was 1.10 mg g'* in OHXF 97
rootstock, this value was determined as 0.70 mg g1 in
OHXF 333 rootstock.

Rootstock x application interaction was found to be
statistically significant in terms of lipid peroxidation.
The highest lipid peroxidation content was observed in
OHXF 333 rootstock with a value of 26.9 nmol g1 in 50
mM NaCl application. In OHXF 97 rootstock, the
highest lipid peroxidation was determined in 100 mM
NaCl application (22.9 nmol g?1). The difference
between the salt stress application averages in terms
of lipid peroxidation was found to be statistically
significant. The highest lipid peroxidation was
detected in the application of 50 and 100 mM NaCl
(23.8 and 23.0 nmol g1, respectively). The lowest value
was determined to be 19.5 nmol g! in the control
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application. When the rootstocks were compared,
higher values were obtained in OHXF 333 rootstock
(24.0 nmol g!) compared to OHXF 97 rootstock (20.2
nmol g') in terms of lipid peroxidation.

When the proline contents of the rootstocks were
examined, the rootstock x application interaction was
found to be significant. In the study, the highest
proline content was observed in the control application
(111.0 pmol g1) in OHXF 333 rootstock. In OHxF 97
rootstock, there was no statistical difference between
applications. When the salt stress application averages
were evaluated, it was determined that the highest
proline content was (67.3 umol g1) in the control
application. The difference between rootstocks in
terms of proline content was found to be statistically
significant, and the proline content of OHXF 333
rootstock (53.6 pmol g1) was found to be higher than
that of OHXF 97 rootstock (22.0 pmol g'1).

DISCUSSION

In this study, we determined the tolerance or
sensitivity levels of OHXF 333 and OHXF 97 pear
clonal rootstocks, which are widely used in pear
cultivation, to salt stress at different concentrations in
vitro.

Morphological Features

Plants are generally sensitive to saline conditions.
Therefore, salt stress negatively affects the vegetative
development of plants in many ways. In the study,
when the effects of different salt concentrations on the
regeneration rate under in vitro conditions were
evaluated, it was observed that there was a
statistically significant decrease in the regeneration
rates 1in parallel with the increase in salt
concentrations. In some studies, similar findings to the
results were obtained. Krasensky and Jonak (2012)
found that there was a decrease in the fresh and dry
weight of onion plants under increased salt stress
conditions. Similarly, Zambia (2019) stated that the
development slowed down in parallel with the increase
in salt concentration in peas.

In the study, it was determined that the number of
shoots decreased significantly in parallel with the
increase in the salt stress level. Supporting the results,
Rahman et al. (2007) reported that the application of
salt stress in vitro conditions reduced the number of
shoots in P. communis rootstocks compared to the
control. Similarly, Shiyab et al. (2003) stated that salt
stress applications (control, 50, 100, 150, 200, and 300
mM NaCl) decreased shoot growth in sour orange. The
researchers stated that at 200 and 300 mM NaCl
concentrations, the growth parameters of the plants
were greatly affected and the shoots lost their vitality.

In the study, it was observed that shoot lengths
increased as NaCl concentrations increased in both
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rootstocks. However, it was determined that shoot
length was shorter in the 200 mM NaCl application
than in the control application because growth and
development completely stopped. It is thought that the
increase in shoot length values in parallel with the salt
concentration may be a result of the decrease in the
number of shoots. In parallel with the study,
Javadisaber et al. (2024) and Sotiropoulos et al. (2006)
reported that they obtained the longest shoots from
high salt concentrations. However, it is reported that
there is a decrease in shoot length in general under salt
stress. Studies conducted on pear (Sotiropoulos et al.
2006) and quince (Sotiropoulos et al. 2007) reported
that the length of micro shoots decreased with
increasing salt concentrations. Dajic (2006) reported
that photosynthesis slowed down with the decrease in
shoot growth of plants exposed to salt stress. It was
also stated in the study that turgor decreased and
mineral transport was difficult. In addition, it has been
reported that the increased Na concentration in plants
under salt stress causes damage to the shoots (Uyar,
2016).

In the study, it was determined that the damage
increased in direct proportion to the increase in salt
concentrations. It was observed that chlorosis,
browning, drying, and shortening of shoot length
occurred in the shoots of plants grown in in vitro
conditions where different salt concentrations were
applied. Javadisaber et al. (2024), in their study on
pear genotypes, stated that the level of damage in
micro shoots increased in parallel with the increase in
salt concentration. In another study, it was determined
that Asian wild pear species (P. betulaefolia Bunge, P.
pyrifolia Nakai, and P. xerophila Yu) were more
affected by salt stress than Mediterranean wild pear
species (P. amygdaliformis Vill. and P. elaeagrifolia
Pall.) (Matsumoto et al., 2006b).

Biochemical Properties

Plants make changes in their metabolism to adapt to
different environmental conditions. These changes are
symptoms such as chlorosis of leaves, early flowering,
shedding of leaves, or curling of leaves. Phenolic
compounds, which play an active role in this process,
are effective in signaling stress factors in the plant and
synthesizing chemical substances. It also plays an
active role in the opening and closing of stomata in
leaves, early maturation, and changes in respiratory
activity (Hacikamiloglu, 2023). In this study, the total
phenolic content decreased in parallel with the salt
stress level in both rootstocks. However, it was
determined that there was an increase again in the
application of 150 mM NaCl. Supporting the results,
Calhan (2020) reported that the total phenolic content
decreased in parallel with the increasing salt
concentration in myrtle genotypes, while the total
phenolic content increased again at high salt
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concentrations. In other studies, it has been reported
that there is an increase of up to three times in the
total phenolic content of sugar cane and olive with the
increase in salt stress (Wahid & Ghazanfar, 2006;
Petridis et al., 2012). However, it has been stated in
the studies that the total phenolic content decreases or
is not affected under salt stress conditions and that
these compounds may differ according to the salt
concentration. Bourgou et al (2010), in their study on
the MNigella sativa plant, reported that the total
phenolic content decreased as a result of salt stress
applications. Similarly, Shaheen et al. (2012) reported
that the total phenolic content of the eggplant
decreased under salt stress. The results we obtained in
this study were found to be compatible with the
literature.

Flavonoids, on the other hand, are a subgroup of
phenolic compounds and participate in the plant
defense system against different stress conditions
(Harborne & Williams, 2000). In the findings obtained
in this study, it was determined that the total flavonoid
content did not show a statistically significant
difference according to salt concentrations. However,
an increase was detected in 150 mM NaCl application
only in OHXF 97 rootstock compared to the control. In
the study conducted by Gengmao et al. (2015), it was
reported that the total flavonoid content of sunflowers
increased under salt stress conditions compared to the
control application. However, there are studies
reporting reductions in the total flavonoid content of
plants under salt stress. Petropoulos et al (2017)
reported that the total flavonoid content of high salt
concentrations increased little or had no stress effect.
In a study conducted on marigolds, it was determined
that the total flavonoid content decreased in salt stress
application compared to the control (Khalid et al.,
2010). In this study, a partial decrease was observed in
the total flavonoid content of OHXF 333 and OHXF 97
pear clonal rootstocks under salt stress conditions, and
an increase was observed in 150 mM NaCl application.

Since plants activate oxidative stress under salt stress,
membrane lipid peroxidation causes damage (Ye et al.,
2000). With this damage, lipid peroxidation occurs.
The damage to the membrane with lipid peroxidation
is irreversible and becomes malondialdehyde, the most
important product. In this study, it was determined
that lipid peroxidation was not statistically affected in
OHXF 333 rootstocks in salt stress applications, while
it increased in OHXF 97 rootstocks in 100 and 150 mM
NaCl applications compared to the control. Ertiirk et
al., (2007) applied salt stress to cherry rootstocks in
vitro and stated that both lipid peroxidation and
antioxidative enzyme activities increased under salt
stress. Again, supporting the results, it has been
reported that lipid peroxidation increases under salt
stress conditions in strawberry and Pyrus betulafolia
species (Tanou et al., 2009; Wu & Zou, 2009).
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Researchers have reported that oxidative stress
occurs, necrotic lesions occur on leaves, H202/O2
accumulation occurs in tissues, and lipid peroxidation
increases, especially in 200 mM NaCl application.

When plants are under stress, they synthesize and
accumulate various osmotic regulators to protect
themselves from stress.

Proline, which is one of these osmotic regulators, is an
amino acid that has different functions such as being
an energy source as well as having antioxidant
properties as well as its osmotic effect (Ben Ahmed et
al., 2008). As a result of this research, it was seen that
salt stress applications did not affect the proline
content of OHXF 97 rootstocks statistically. On the
other hand, it was determined that the proline content
of OHxF 333 rootstock decreased significantly with
salt stress applications. In the studies, it was stated
that the accumulation of proline increased with the
increase in the stress level in plants under salt stress.
As a result of examining the tolerance effect of proline
under stress conditions, it has been argued that this
situation may not be valid in some plant species under
salt stress (Mansour & Ali, 2017). As a matter of fact,
in the salt stress study conducted on 46 genotypes of
Panicum virgatum, it was determined that the proline
content increased 5000 times in some salt-sensitive
genotypes, while this increase was at a small level in
tolerant lines (Kim et al., 2016).

It is known that plants protect themselves from
reactive oxygen species (ROS) by stabilizing their
protein structure with the help of osmolytes under salt-
stress conditions (Zhu, 2001). Considering the soluble
protein content in this study, it was observed that
there were significant decreases in parallel with the
increase in salt concentration. Studies have reported
that stress factors cause increases or decreases in
soluble protein content. It has been reported that
soluble protein contents increase in onions (Bekheet et
al., 2006) and decrease in sorghum (Parlak & Ozaslan
Parlak, 2006) under increasing salt stress conditions.
The response of plants to stress conditions may vary
according to the tolerance levels of genotypes.

As a result, both OHXF 97 and OHXF 333 clonal
rootstocks were found to be sensitive to high doses of
salt stress. However, it was determined that they
showed little improvement under salt stress, which
can be considered as high as 100 mM NaCl. When the
rootstocks are compared with each other, although
there is no statistical difference according to the
morphological and biochemical analysis results, it has
been determined that the OHXF 333 rootstock is
slightly more prominent than the OHXF 97 rootstock.
Especially in terms of damage degree, OHXF 333
clonal rootstock gave better values than OHXF 97
clonal rootstock. However, more detailed studies
should be done in vitro and in vivo conditions to obtain
more precise results.
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ABSTRACT

In this study, the species and extensiveness of root-knot nematodes

Plant Protection

(Meloidogyne spp. Goeldi, 1887) (Tylenchida: Meloidogynidae) causing Research Article

yield loss in the celery (Apium graveolensL.) (Apiaceae) production areas

of Canakkale were determined. For this purpose, celery plant roots and Article History

soil samples were taken by making non-periodical surveys of a total of 75 Received 127.07.2023
different celery growing areas in Canakkale province and districts in Accepted $16.10.2023
2020-2021. Females of root-knot nematodes and second-stage juveniles

(J2s) from egg masses were obtained from celery samples brought to the Keywords

laboratory. Morphological identification of root-knot nematode species Celery

was done by making sections obtained from perineal regions of female Canakkale

individuals and morphometric measurements were performed from J2s Prevalence

for each population. For molecular identification, DNA was then
extracted from samples and analyzed by species-specific primers
referring to the most common Meloidogyne spp. Meloidogyne javanica
(Treub, 1885) Chitwood,1949 in 9 samples, and M. arenaria (Neal, 1889)
in 5 samples were determined based on morphologic -morphometric and
molecular methods. The result of the study indicated that the rate of root-
knot nematode infestation in celery cultivation areas in Canakkale was
18,6%. The infestation rates of M. javanica and M. arenaria determined
in celery growing areas in the province were 12% and 6.6%, respectively.
In this study, M. javanica and M. arenaria species were detected for the
first time in the celery fields of Canakkale province.

Root-knot nematode

Canakkale Ili Kereviz (Apium graveolens L.) Yetigtirilen Alanlardaki Kék-ur Nematod (Meloidogyne

spp. Goeldi, 1887) (Tylenchida: Meloidogynidae) Tiirlerinin Tanilanmasi

ABSTRACT Bitki Koruma

Bu calismada Canakkale ili kereviz (Apium graveolens L.) (Apiaceae) }
uretim alanlarinda verim kaybina neden olan kék-ur nematodlarinin Aragtirma Makalesi
(Meloidogyne spp. Goeldi, 1887) (Tylenchida: Meloidogynidae) tiirleri ve Makalo Tarihoest
yayginliklar: belirlenmigtir. Bu amagla, 2020-2021 yillarinda Canakkale G:lisa'l?arf}fil gezsé7.07'2023

il ve ilgelerinde bulunan toplam 75 farklh kereviz lretim alanlarina
periyodik olmayan arazi gikiglar1 yapilarak kereviz bitki kék ve toprak
ornekleri alinmigtir. Laboratuvara getirilen kereviz 6rneklerinden kok-

Kabul Tarithi :16.10.2023

L . . N Anahtar Kelimeler
ur nematodlarinin disi bireyleri ve yumurta paketlerinden ikinci dénem Kereviz
juveniller (J2s) elde edilmistir. Kék-ur nematodlarinin morfolojik tiir Canakkale
teghisleri her popilasyon i¢in disi bireylerin perineal bélgelerinden elde Yayginhk

edilen kesitler ve ikinci donem larvalarin morfometrik o6lgtimleri
yapilarak belirlenmisgtir. Daha sonra molekiiller tanilama igin
orneklerden DNA elde edilmistir ve en yaygin Meloidogyne spp. tiirlerine
istinaden tlre 6zgl primerler ile analiz edilmigtir. Yapilan morfolojik ve
molekiiler tanilama ¢calismalarina gore 9 érnekte Meloidogyne javanica
(Treub, 1885) Chitwood, 1949 tiirii, 5 6rnekte ise M. arenaria Neal, 1889)
Chitwood, 1949 tiirti belirlenmigtir. Calisma sonucunda Canakkale ili
kereviz yetistiriciligi yapilan alanlarda kék-ur nematodu bulagiklik orani

Kok-ur nematodu
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%18,6 olarak belirlenmistir. Ilde kereviz yetigtirilen alanlarda belirlenen
M. javanica ve M. arenarianin bulasiklik orani sirasi ile %12 ve %6,6
olarak tespit edilmigstir. Bu calisma ile Canakkale ili kereviz alanlarinda
M. javanica ve M. arenaria tirleri ilk defa tespit edilmistir.
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ur Nematodu (Meloidogyne spp. Goeldi, 1887) (Tylenchida: Meloidogynidae) Tiirlerinin Tanmlanmasi. KSU
Tarim ve Doga Derg 27 (4), 828-838. https://doi.org/10.18016/ksutarimdoga.vi.1333244
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INTRODUCTION

The main winter vegetables grown in Canakkale
province are cabbage (Brassica oleraceae L. var.
capital), lettuce (Lactuca sativa L.), cauliflower
(Brassica oleraceae L. var. botrytis), spinach (Spinacia
oleracea L.), celery (Apium graveolens L.) and leek
(Allium porrum L.). In 2020, 2.750.000 tonnes of
winter vegetables were grown in 1,700.000 decares
cultivation areas of Turkiye. Among the winter
vegetables with the highest production rate, celery
belonging to the Apiaceae family, comes to the
forefront with 230 tonnes in Canakkale (TUIK, 2020).

It has been reported that the celery plant is known as
a host of many plant-parasitic nematodes, such as
Pratylenchus penetrans Cobb, 1917 (Townsend &
Wolynetz, 1991); P. hamatus Thorne & Allen
(Townshend, 1962); Hemicycliophora Arenaria Raski,
1958 (Franklin & Stone, 1974); Longidorus plus
Lamberti & Zacheo, 1977 (Bleve-Zacheo et al., 1979;
Wyss, 1980); Cactodera cacti Filipjev & Schuurmans
Stekhoven, 1941 (Esser, 1992); Paratylenchus sp.
Micoletzky, 1922, (Lownsbery et al., 1952); Nacobbus
aberrans (Thorne) Thorne & Allen,1944 (Doucet,
1999); Ditylenchus dipsaci Kithn, 1857 (Di Benedetto,
2005) and H. poranga Monteiro & Lordello, 1978
(Emilse et al., 2011). Root-knot nematodes (RKNs)
have a wide host range, and it was reported that they
feed on 5500 different plant varieties, including
vegetables, fruit trees, ornamental plants, weeds, and
medicinal plants (Trudgill & Block, 2001; Karssen et
al., 2013; Atas et al., 2021). Hitherto 105 root-knot
nematodes species (Meloidogyne spp. Goeldi, 1887)
(Tylenchida: Meloidogynidae) were identified all over
the world (Ghaderi & Karssen, 2020; Maleita et al.,
2021), and the most common species are Meloidogyne
incognita (Kofoid & White, 1919), M. javanica (Treub,
1885) Chitwood, 1949, M. arenaria (Neal, 1889)
Chitwood, 1949, M. Chitwood (Golden et al., 1980), M.
fallax (Karssen, 1996), and M. hapla Chitwood, 1949
(Adam et al., 2007). In the studies conducted in
Turkiye, 10 root-knot nematodes species were
detected; M. incognita, M. javanica, M. arenaria, M.
hapla, M. Chitwood, M. Thames, M. Martinelli, M.
exiqua, M. Iuci and M. graminis species (Yiiksel, 1974;
Elek¢ioglu & Uygun, 1994; Elekc¢ioglu et al., 1994;
Mennan & Ecevit, 1996; Sogiit & Elekcioglu, 2000;
Devran & So6giit 2009; Ozarslandan et al., 2009; Akyazi
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& Ecevit, 2010; Ozarslandan & Elekcioglu, 2010;
Imren et al., 2014; Kepenekgi et al., 2014; Cetintas &
Cakmak, 2016; Devran et al.,, 2017; Aydinli, 2018;
Uysal et al., 2023).

Meloidogyne species cause significant yield losses and
more serious damage to celery compared to other
plant-parasitic nematodes. Some studies indicated
that the most dominant root-knot species infesting
celery are M. incognita, M. incognita race-1, M.
javanica, M. hapla, and M. arenariain the world (Incer
& Lopez, 1979; Doucet, 1999; Chaves, 2002; Vovlas et
al., 2008; Malakeberhan et al., 2012). There is also, a
study on the presence of root-knot nematodes in celery
growing areas of Turkiye. Meloidogyne incognita and
M. arenaria were reported on the celery plant in the
Black Sea Region of Tirkiye (Yiiksel 1974). This
present study aimed to determine root-knot nematode
species collected from Canakkale celery cultivation
areas by wusing morphometric-morphologic and
molecular methods.

MATERIAL and METHOD
Survey

Overall, 75 root samples were collected from celery
cultivated fields of Canakkale in 2020 and 2021. The
sampling locations of the celery cultivation areas of
Canakkale are given in Figure 1. Celery plants
infested with root-knot nematodes in an ice box were
brought to the laboratory. In both years, adult females,
egg masses, and second-stage juveniles (J2s) of root-
knot nematodes were extracted from samples.

Culture of the root-knot nematodes

To obtain pure cultures, egg masses on infected celery
roots were collected by using a small needle. Each root-
knot nematode isolate was cultured from a single egg
mass taken from galled celery roots and multiplied on
the susceptible tomato cv. Canakkale F1 in a growth
chamber at 25+1 OC and 65% RH with a 16:8 LD
photoperiod.

Morphologic-morphometric identification

Perineal patterns: Adult root-knot nematode females
were dissected from the roots of the celery plants with
a needle and scalpel under the binocular microscope.
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Perineal patterns of the extracted females were cut in of Meloidogyne species was made according to Jepson
45% lactic acid and their preparations were made in (1987) and Karssen (2002).
glycerin (Hooper, 1986). Morphological identification

Figure 1. Sampling locations of the celery cultivation areas in Canakkale.
Sekil 1. Canakkale kereviz ekim alanlarindaki ornekleme noktalari.

Morphometric characters of second-stage juveniles: revealed that there was an 18.6% prevalence of root-
J2s hatched from the egg masses multiplied as pure knot nematodes in Canakkale. In other words, root-
cultures were fixed in TAF fixative and permanent knot nematode was detected in 14 of 75 celery samples
preparations were done according to Seinhorst’s (1959) collected, and galled symptoms of plant roots were
method. Measurements of approximately 25 J2s were shown in Figure 2.

made according to Karssen (2002) under the Leica
DM1000 stereomicroscope.

Molecular identification
DNA 1isolation

DNA was extracted from pure cultures of J2s by using
the High Pure PCR Template Preparation Kit (Roche
Diagnostics, Germany) according to the
manufacturer’s guidelines.

PCR analyses

The PCR reactions were conducted on the
SimpliAmp™ Thermal Cycler (Applied Biosystems, 4
CA, USA) using the reaction conditions in a total . : .

i F 2. Cel lant t fested th t-knot
volume of 25 p L 20 ng of DNA, 2 mM MgCl12, 2.5 n L 18Hre nsn?;{()d;;an roots ufested With ToolTERo

10X PCR buffer, 200 p M dNTPs, 0.4 p M of each Sekil 2. Kok-ur nematodliari ile infekteli kereviz kokleri.
primer, 1 U Taq DNA Polymerase (ABM), and

molecular double distilled water. To screen samples; From a total of 14 root-knot nematode populations, 9
Inc-K14F/Inc-K14R primers (Randig et al., 2002) and samples were identified as M. javanica, while 5
MincF1/ Mipch (D?Yran et al., 2018) for M. incognjt'a; samples were identified as M. arenaria by perineal
Ffir/ Ra.r primers (Zl]l'stra et al., 2000) for /. arenaria pattern and morphometric measurement of J2s.
Fjav/Rjav primers (Zijlstra et al., 2000) for M. javanica Locations and coordinates of root-knot nematode
and JMV primers for M. hapla (Wishart et al., 2002) species in infested areas recorded with Global

were used in the PCR reactions. Then, PCR products Positioning System (GPS) were given in Table 1 and

were electrophoresed on a 1.5% agarose gel in 1X TAE Figure 3.
and visualized under UV light with Xpert Green DNA
Stain by using the Gel iX Imager (Intas Science, Meloidogyne javanica

Germany).
Y Similar to the findings obtained in this study, distinct

lateral ridges that divide the dorsal and ventral striae,
RESULTS and DISCUSSION and lateral lines extended on both sides of the tail
terminus are typically as clear as the perineal patterns
Root samples taken from celery cultivation areas of M. javanica (Figure 4).

Morphologic-morphometric identification
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Table 1. Location, Root-knot nematodes species, and coordinates of celery samples collected from Canakkale
Tablo 1. Canakkale'den toplanan kereviz érneklerine ait konum Kok-ur nematodu tiirleri ve koordinatlari

Sample No Location Species* Latitude (N) Longitude (E)
1 Kepez My 40° 57 31" 26° 23" 2
3 Kepez My 40° 57 471" 26°22° 8
7 Kepez My 40° 5° 21" 26° 227 42"
9 Saraycik My 40° 8" 17" 26° 28" 6"
12 Ciplak Ma 39° 57 31" 26° 16" 16"

23 Halileli Ma 39° 58" 13" 26° 16" 55"
27 Umurbey Ma 40° 14" 30" 26° 38" 26"
30 Cardak Ma 40° 24 40" 26° 45" 17"
44 Halileli My 39° 577 47 26° 17" 59
62 Umurbey My 40° 14 27 26° 39" 35'
63 Umurbey My 40° 14”7 471" 26° 39" 14'
65 Biga» My 40° 177 10 27° 17 T
69 Bigas My 40° 14° 50 27° 12 34
72 Eceabata Ma 40° 15 44 26° 23”7 24

*Ma: Meloidogyne arenaria, Mj: Meloidogyne javanica, a: Distinct of Canakkale

s Duls 20 NOAA, |

s

Figure 3. Locations of Root-knot nematode populations collected from celery growing areas in Canakkale.
Sekil 3. Canakkale kereviz alanlarindan toplanan Kék-ur nematodu poplilasyonlarinin lokasyonlari.
(Places where Meloidogyne arenaria was identified on celery- red color)

(Places where Meloidogyne javanica was identified on celery- blue color)

In the study, stylet lengths in all populations were
long, and their DGO was relatively shorter than those
reported by Whitehead (1968). Conversely, the ratios
of body length to body width (a) in all populations were
relatively short. All other lengths aligned with the
findings of Whitehead (1968) (Table 2).

Meloidogyne arenaria

These patterns showed a typically rounded to flattened
low dorsal arch near the lateral field with irregular
forks (Figure 5).

The body length of all populations of M. arenaria was
shorter than those reported by Whitehead (1968). The
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style length and the ratio of body length to tail length
(c) of all populations were relatively long according to
the Whitehead (1968) (Table 3).

Molecular identification

Molecular identification of a total of 14 DNA samples
was done by using four different species-specific
primer sets. Meloidogyne arenaria-specific Far/Rar
and M. javanica-specific Fjav/Rjav primers were
produced in expected amplicons of approximately 420
bp and 670 bp, respectively (Figure 6, 7).
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-
.
Figure 4. Perineal patterns of Meloidogyne javanica isolates collected from the celery fields of Canakkale. Scale bar: 20 um.

Sekil 4. Canakkale'de kereviz alanlarindan toplanan Meloidogyne javanica izolatlarinin perineal bélge kesitleri. Olgek ¢ubugu
20 pm.

Figure 5. Perineal patterns of Meloidogyne arenaria isolates collected from the celery fields of Canakkale. Scale bar: 20 pm.

Sekil 5. Canakkale'de kereviz alanlarindan toplanan Meloidogyne arenaria izolatlarinin perineal bélge kesitleri. Olgek ¢ubugu
20 pm.
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Table 2. Diagnostic characters of second stage juveniles (J2) of Meloidogyne javanica on celery
Tablo 2. Kereviz tizerindeki Meloidogyne javanica nin ikinci dénem juvenillerinin (J2s) teshis karakterleri

. . Whitehead
Diagnostic characters 1 3 7 9 44 (1968)
411.9+17.8  395.1+14.8  404.3+12.4  402.0+14.1  414.9£15.3
Body length (385.1- (3871.7- (380.6- (378.8- (380.2- 387-459
445.7) 419.9) 431.3) 429.8) 449.7)
Body width 14.7+0.6 14.940.5 15.4+0.4 15.7+0.5 15.7+0.6
(13.3-15.8) (14.1-16.0) (14.7-16.2) (14.6-16.6) (14.8-16.9)
) 8.5+0.6 8.6+0.5 8.6+0.4 8.8+0.4 8.7+0.5
Body width at stylet base (7.0-9.8) (7.9-9.8) (7.0-10.0) (7.9-10.8) (7.8-10.0)
) 9.2+0.6 9.7+0.6 9.8+0.6 9.8+0.7 9.3+0.7
Body width at the anus (8.2-10.4) (8.9-11.0) (8.8-11.0) (8.7-11.7) (7.9-10.8)
13.0+0.7 12.6+0.5 11.7+0.7 12.6+0.7 12.7£1.0
Stylet length (11.6-14.2)  (10.7-12.8)  (10.0-13.6)  (11.1-13.6)  (10.8-14.1) 4114
DGO 3.6+0.3 3.3+0.4 3.3+0.4 3.3+0.4 3.440.5 4
(2.7-4.1) (2.3-4.0) (2.4-4.0) (2.5-4.0) (2.5-4.1)
Tail length 50.3+1.8 47.842.0 50.9+3.2 50.0+2.3 50.7+2.8 36-56
(47.9-55.9) (44.4-51.0) (45.9-58.0) (45.6-55.0) (45.4-55.5)
Excretory pore to head end 79.6+3.3 77.243.9 76.1+4.2 81.443.9 80.1+4.8
(74.4-86.2) (67.7-87.7) (68.7-84.1) (74.4-88.2) (70.5-88.3)
Body width at the excretory pore 11.6+0.7 11.8+0.5 11.0+1.1 11.2+0.9 11.9+2.8
(10.4-13.0) (10.7-12.8) (9.3-13.2) (9.2-13.7) (45.4-55.5)
a 26.9+0.7 26.4+1.2 26.1+0.8 25.5+0.8 26.4+0.9 97 1-35.9
(26.5-29.2) (24.9-29.6) (24.6-217.9) (24.0-27.0) (24.6-217.8) ) ‘
b 4.3+0.2 4.0+0.2 4.440.2 4.4+0.3 4.5+0.2
(3.9-4.8) (3.7-4.5) (4.0-4.8) (3.8-5.0) (4.0-5.2)
. 8.1+0.4 8.240.5 7.9+0.6 8.0+0.4 8.2+0.6 7 8111
(7.4-9.1) (7.3-9.3) (6.6-8.9) (7.2-8.8) (6.8-9.2) : :
, 5.440.3 4.9+0.3 5.1+0.4 5.1+0.4 5.440.4
¢ (4.8-6.2) (4.3-5.4) (4.4-6.05) (4.2-5.7) (4.9-6.4)
Diagnostic characters 62 63 65 69 Wk(lll‘geé;}ge)ad
410.8+17.2 400.5+13.3 399.7+13.4 402.9+11.6
Body length (378.0-440.8) (375.7-426.8) (375.6-426.7) (377.6-421.6) 387-459
Body width 15.6+0.6 15.5+0.5 15.3+0.6 15.5£0.5
(14.5-16.9) (14.4-16.8) (14.1-16.8) (14.5-16.5)
. 9.1+0.9 8.7+0.6 8.84+0.6 8.5+0.5
Body width at stylet base (7.4-11.0) (7.6-10.0) (7.4-10.0) (7.6-9.6)
. 9.3+0.7 9.54+0.7 9.7+0.8 9.7+0.7
Body width at the anus (8.1-10.8) (8.2-10.8) (8.2-11.7) (8.4-11.2)
11.2+0.7 11.7£1.0 11.1+0.7 11.6+0.6
Stylet length (10.7-11.6) (10.4-11.8) (10.6-11.4) (10.9-11.9) 9.4-11.4
3.4+0.4 3.3+0.4 3.1+0.4 3.2+0.4
DGO (2.6-4.1) (2.6-4.1) (2.4-4.0) (2.4-4.0) 4
) 52.1+3.7 50.3+3.0 50.9+2.7 49.6+2.9
Tail length (43.7-61.0) (44.6-56.1) (45.9-56.4) (44.5-55.8) 3656
Excretory pore to head end 80.3+3.2 73.545.0 79.0+3.6 74.9+5.8
(75.6-86.9) (64.3-86.9) (70.5-85.1) (64.1-85.8)
Body width at the excretory 12.2+0.9 12.0+0.8 12.0+0.8 11.9+0.5
pore (10.7-13.6) (10.8-13.9) (10.7-13.2) (10.9-13.0)
. 26.2+0.9 25.7+1.0 26.0+0.8 26.0+0.9 97 1-35.9
(24.3-27.7) (24.2-217.9) (25.0-27.6) (24.3-27.9) : )
b 4.5+0.3 4.6+0.3 4.3+0.3 4.6+0.4
(3.9-5.3) (8.9-5.5) (8.9-5.1) (8.7-5.4)
c 7.9+0.6 7.9+0.5 7.8+0.4 8.1+0.4 73-11.1
(6.8-9.5) (6.9-9.2) (6.9-8.7) (7.3-8.9) ) )
s 5.5+0.4 5.2+0.3 5.2+0.4 5.1£0.4
¢ (4.5-6.4) (4.6-5.9) (4.4-6.1) (4.4-6.0)

Note: Note: All measurements are in pm Body length/Body width, b: Body length/ Intestine to the head end, c¢: Body length/Tail
length, c'": Tail length/Body width at the anus) and in the form: mean + s.d. (range) n: 25
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Table 3. Diagnostic characters of second-stage juveniles (J2) of Meloidogyne arenaria on celery
Tablo 3. Kereviz tizerindeki Meloidogyne arenaria'min ikinci dénem juvenillerinin (J2) teshis karakterleri

Diagnostic characters 12 23 27 30 72 Whitehead
(1968)
449.5+16.3 442.6+9.8 441.2+17.0 449.5+14.2 448.9+12.0
Body length 450-490
(423.8-454.7) (431.7-452.9)  (433.7-452.8)  (429.5-450.7)  (437.3-453.5)
15.7+0.5 15.7+0.6 15.0+0.6 15.6+0.4
Body width 198204 (14.9-17.0) (14.1-17.0) (13.7-16.0) (14.8-16.4)
(14.7-16.9) R B i R
) 8.5+0.6 8.8+0.5 8.8+0.7 9.1+0.8 8.7+0.5
Body width at stylet base (7.7-9.7) (8.0-10.0) (7.6-10.0) (7.510.9) (8.0-9.6)
_ 10.1+0.7 9.8+0.7 10.4+0.5 10.0£0.7 9.840.5
Body width at the anus (8.7-11.1) (8.5-11.2) (9.0-11.7) (8.5-11.1) (8.5-10.9)
10.5+0.7 11.2+1.0 11.2+0.6 11.0£1.0 11.0+0.7
Stylet length 10
(10.1-12.0) (10.8.12.7) (10.8-12.2) (10.3-12.0) (10.4-12.4)
3.1+0.3 3.1+0.4 3.2+0.4 3.2+0.4 3.1+0.4
DGO 3
(2.5-4.0) (2.1-4.0) (2.4-4.0) (2.5-4.0) (2.3-3.8)
‘ 48.6+3.3 49.142.9 49.0+2.5 50.1+2.7 49.6+2.4
Tail length (44.3-58.5) (42.9-54.3) (44.7°53.7)  (45.6-55.3) (45.6-54.5)
78.0+4.9 77.6+£4.7 77.8+6.5 76.9+4.4 78.5+3.7
Excretory pore to head end (65.1-96.1) (67.6-85.7) (67.589.8)  (69.6-83.7) (67.9-85.2)
Body width at the excretory 12.2+0.7 11.6+0.9 12.7+0.7 11.540.8 12.2+0.6
pore (10.9-13.1) (9.2-13.1) (11.0-12.8) (9.8-13.6) (10.5-13.7)
25.8+0.7 24.9+0.8 26.1+0.8 25.440.7 26.0+0.8
a 26-32
(24.6-27.4) (23.6-26.8) (24.5-27.6) (24.2-26.6) (24.4-27.3)
4.4+0.3 4.1+0.3 4.4+0.3 4.1+£0.2 4.5+0.2
b (3.8-5.1) (3.8-4.9) (3.9-5.0) (3.7-4.7) (4.1-5.0)
7.6+£0.5 7.840.5 7.7+0.1 7.6+0.4 7.940.4 615
¢ (7.1-8.4) (7.1-8.4) (6.6-8.2) (6.7-8.8) (7.3-8.4) ’
4.8+0.4 5.0+0.4 4.040.4 5.0£0.5 5.0+0.4
¢ (4.2-5.9) (4.2-6.1) (4.0-5.5) (4.1-6.3) (4.5-6.1)

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

However, both M. incognita primer sets and JMV M. jatfanica were found in 5 and' 9‘ samp'les,

primers did not give any DNA bants in analyzed respectively. These results show that this is the first

samples. As a result of PCR studies, M. arenaria and report of root-knot nematode infecting celery in
Canakkale of Tiirkiye.

Figure 6. PCR products of amplified DNA using Meloidogyne javanica-specific primer Fjav/Rjav, M: 100 bpDNA
Ladder (Hibrigen); Samples:1, 3, 7, 9, 44, 63, 65 and 69; G5: M. javanica (positive control); W: Water.
Sekil 6. Meloidogyne javanica'ya 6zgti primer Fjav/Rjav primer kullanilarak cogaltiimis DNA ya ait PCR iirtinleri,
M: 100 bpDNA Ladder (Hibrigen); Ornekler:1, 8, 7, 9, 44, 63, 65, ve 69; G5: M. javanica (pozitif kontrol);
w: Su.
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Javanica and 2 of them were infected with M. arenaria.
Ten samples were taken from the fields in Lapseki and
they were infected with M. javanica (2) and M.
arenaria (2) respectively. Twelve samples were taken
from the fields in Biga and 2 of them were found to be
infected with M. javanica. Five samples were taken
from the fields in Eceabat and one of them was found
to be infected with M. arenaria. Single samples taken
from each of Ezine and Bayramig district's cultivation
areas were not infected with RKNs. It has been
determined that 12% and 6.6% of the celery-growing
areas of Canakkale are infested with M. javanica and
M. arenaria, respectively (Table 4).

Figure 7. PCR products of amplified DNA of using
Meloidogyne  arenaria-specific ~ primer
Far/Rar, M: 100 bp DNA Ladder (Hibrigen);
Samples: 12, 23, 27, 30 and72; K18: M.

As an important edible vegetable, celery plants ought
to be protected from soil-borne pests including plant
parasitic nematodes. Especially RKNs have a wide
! - host range, and their complete control is quite costly
) arenaria (positive contrgl); W: Water. and difficult. Root-knot nematode infestation has been
ekl 7. .Melo‘zdogy ne arenariaya 0zgu _primer reported in many other important plant cultivars with
Fja V/{B]av primeri ls’”u]]an'z]arak cogaltilmis edible tubers, such as carrot (Singh, 2009; Evlice et al.,

DNAya ait BCR drinlers, M- 100 bp DNA 2020), potato (Ozarslandan et al., 2009; Maleita et al.,

Ladder (Hibrigen); Ornekler: 12-72r; K18: M. 2018), sugar beet (Yu, 1995; Maareg et al., 1998), sweet

arenaria (pozitif kontrol); W- Su. potato (Rutter et al., 2019; Yigezu, 2021). Accurate

identification is of great importance in the control of

Morphologic-morphometric and molecular data were RKNs. Therefore, control methods such as the use of

evaluated together. In the provincial center, 46 resistant cultivars and crop rotation can significantly
samples were taken from celery growing areas and it reduce the population density of the pest.

was determined that 5 of them were infected with A/

Table 4. Rates of finding of root-knot nematode species in Canakkale provincial center and districts

Tablo 4. Canakkale il merkezi ve ilgelerinde kok-ur nematodu tiirlerinin bulunma oranlari

Number of Infected Samples and Finding Rate

Districts NSumbelr of Meloidogyne Finding Meloid . Finding
amples Jjavanica Rate (%) eloidogyne arenana Rate (%)
Center 46.0 5.0 10.9 2.0 4.4
Ezine 1.0 0.0 0.0 0.0 0.0
Bayramig 1.0 0.0 0.0 0.0 0.0
Lapseki 10.0 2.0 20.0 2.0 20.0
Biga 12.0 2.0 16.6 0.0 0.0
Eceabat 5.0 0.0 0.0 1.0 20.0
Total 75.0 9.0 12.0 5.0 6.6
In the present study, in total, 14 of 75 celery samples arenaria in celery cultivation areas was found to be
(18,6%) collected from celery cultivation areas in the 6.6%. Meloidogyne arenaria was identified in some
Canakkale were found to be infested with RKNs. It districts. Celery cultivation areas in Halileli and
was determined that M. javanicais the most dominant Umurbey regions were found to be infested with both
species with a 12% infestation rate in the region. In the RKN species. In Tiirkiye, the first and only study on
international Meloidogyne project in Malawi, Saka the presence of RKNs in celery cultivation areas in the
(1981) reported the presence of M. javanica on celery. Black Sea Region was conducted and M. arenaria and
Meloidogyne javanica has been found also in different M. incognita species were reported (Yiiksel, 1974).
vegetable-growing areas of Tiirkiye, (Devran & Ségiit, Previous studies also reported that M. arenaria has

2009; Aydinli & Mennan, 2016; Devran et al, 2017;  been found on cultivated plants (Devran & Sogit,
Uysal et al, 2017; Giirkan et al., 2019; Aslan & 2009; Aydinli & Mennan, 2016; Devran et al., 2017;

Elekgioglu, 2022). Uysal et al.,, 2017; Girkan et al.,, 2019; Aslan &
Elekcioglu, 2022). However, it was reported that

In the present study, the infestation rate of M. Meloidogyne hapla is the most prevalent RKN species
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in celery cultivation areas in some parts of the world
(Anita, 2012; Malakeberhan & Wei, 2012). In this
study, M. hapla was not detected in the survey areas.

In conclusion, the survey was carried out for the
identification of RKNs in celery-growing areas of
Canakkale. Meloidogyne javanica and M. arenaria
were identified on celery in the region. This study is
the first report of M. javanica in celery cultivation
areas in Turkiye.
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ABSTRACT Plant Protection
The Brassicaceae family, commonly known as the Cruciferae or mustard )
family, encompasses plant species of global economic significance, Research Article

including oilseed crops, vegetables, as well as condiment purposes. Hatay

is one of the most important provinces in Turkey where Brassicaceous grtlc.l e I(;Ilstory. 30.10.2023
vegetable crops are grown. This study aimed to identify the causative Aecen;e d ) 13'12'2023
disease agents affecting Brassicaceous vegetables including cabbage (red ceepte e
and white varieties), broccoli, cauliflower, garden cress, rocket, and

. R . .. Keywords
radish in the districts of Hatay Province where vegetable cultivation took Cruciferae
place during the 2020-2021 growing seasons. Isolations from suspicious Brassica

cabbage, broccoli, cauliflower, and radish plants exhibiting disease
symptoms in the surveyed areas revealed the presence of various fungal
disease agents, including Rhizoctonia solani, Sclerotinia sclerotiorum,
Fusarium solani, Fusarium oxysporum, Fusarium exquisite, Alternaria
alternata, Botrytis cinerea, and Stemphylum sp. Furthermore, obligate
oomycete pathogens such as Albugo lepidii, Albugo candida, and
Perofascia lepidii were detected with varying prevalence and incidence
rates on leaves and stems of water cress, rocket, and radish plants. In
addition to fungal pathogens, primary bacterial pathogens, including
Xanthomonas campestris pv. campestris, Pectobacterium carotovorum
subsp. carotovorum, Pectobacterium parmentieri, Pseudomonas
corrugata, and Pseudomonas victoria, were identified through
morphological, biochemical, and pathogenicity tests, and MALDI-TOF
analyses. Pantoea agglomerans, Pseudomonas marginalis, Pseudomonas
fluorescens, FEnterobacter cloacae, and Bacillus pumilus were also
identified as opportunistic soft rot bacterial pathogens. To the best of our
knowledge, this is the first report of F. solani, F. oxysporum, F. exquisite,
A. alternata, B. cinerea, Stemphylum sp., as fungal disease agents; P.
parmentieri, P. corrugata, and P. victoria as primary soft rot bacterial
disease agents; P. agglomerans, P. marginalis, P. fluorescens, E. cloacae,
and B. pumilus as opportunistic secondary soft rot bacterial disease
agents affecting different minor vegetables belong to Brassica spp, such
as cabbage (red and white varieties), broccoli, cauliflower, radish, rocket,
and garden cress, grown in Turkey.

Fungal disease
Bacterial disease
Oomycete

Hatay Ilinde Yetigtirilen Onemli Brassicaceous Sebze Tiirlerinde Fungal ve Bakteriyel Hastalik
Etmenlerinin Belirlenmesi

OZET Bitki Koruma
Genellikle lahanagiller, Cruciferae veya hardal ailesi olarak bilinen

Brassicaceae familyasi, diinya ¢apinda ekonomik acidan tarimsal 6neme Aragtirma Makalesi
sahip yagh tohum, sebze ve gesni amagh kullanilan bitki tiirleri igerir.

Hatay, Turkiye'nin Brassicaceous sebze tlrlerinin yetistiriciliginin Makale Tarihgesi

yapildig1 en 6nemli illerinden biridir. Bu ¢alismada 2020-2021 yetistirme Gelig Tarithi @ 30.10.2023
sezonlarinda Hatay ilinin sebze yetistiriciliginin yapildig1 ilgelerde Kabul Tarihi :13.12.2023
Brassicaceous sebzelerden lahana (kirmizi ve beyaz bas), brokoli,
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karnabahar, tere, roka ve turp bitkilerinde sorun olan fungal, oomycet ve Anahtar Kelimeler
bakteriyel hastalik etmenlerinin tanilanmasi ve yayginlik durumlarinin Cruciferae
belirlenmesini amacglanmigtir. Siirvey yapilan alanlarda hastalik Brassica
belirtisi gosteren stipheli lahana, brokoli, karnabahar ve turp bitkilerin Fungal hastalik
kok, govde ve yapraklarindan yapilan izolasyonlarda Rhizoctonia solani, Bakteriyel hastalik
Sclerotinia sclerotiorum, Fusarium solani, Fusarium oxysporum, Oomycete

Fusarium equiseti, Alternaria alternata, Botrytis cinereave Stemphylum
sp., ait fungal hastalik etmenlerin yamisira yanisira Albugo lepidii,
Albugo candida ve Perofascia lepidii gibi obligat parazit oomycet
patojenler tere, roka ve turp bitkilerinin yaprak ve govdelerinde degisen
yayginlik ve rastlama sikliklarinda tespit edilmigtir. Fungal etmenlerin
yanisira yapilan morfolojik, biyokimyasal, patojenisite testler ve MALDI-
TOF analizleri sonucunda Xanthomonas campestris pv. campestris,
Pectobacterium carotovorum subsp. carotovorum, Pectobacterium
parmentieri, Pseudomonas corrugata ve Pseudomonas cichoril primer
bakteriyel hastalik etmenleri olarak belirlenmigtir. Pantoea
agglomerans, Pseudomonas marginalis, Pseudomonas fluorescens,
Enterobacter cloacae ve Bacillus pumilus ise firsat¢i sekonder bakteriyel
yumusak clriklik etmenler olarak tanilanmiglardir.Bilindigi kadariyla
F. solani, F. oxysporum, F. equiseti, A. alternata, B. cinerea, Stemphylum
sp., fungal hastalik etmenleri; P. parmentieri, P. corrugata ve P. cichorii
primer bakteriyel yumusak c¢lriikliik hastalik etmenleri; P. agglomerans,
P. marginalis, P. fluorescens, E. cloacae ve B. pumilus ise sekonder
firsatci bakteriyel yumusak c¢uruklik hastalik etmenleri olarak
Tiirkiye’'de yetistirilen farkli Brassica spp ait lahana (kirmiz ve beyaz
bas), brokoli, karnabahar, tere, roka ve turp gibi minér sebzelerde

hastaliklara neden oldugu ilk kez bu ¢alisma ile tespit edilmigtir.
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INTRODUCTION

The Brassicaceae family is commonly known as the
Cruciferae  or mustard family. This family
encompasses a diverse array of plant species with
significant global economic importance (Raza et al.,
2020). Within the Brassicaceae family, there are 338
genera and more than 3700 plant species, each serving
various purposes (Shankar et al., 2019). The Brassica
genus 1s widely recognized as the most significant
genus within the Brassicaceae family, encompassing
several vital crops. This genus includes oilseeds like
canola and mustard, as well as a variety of vegetables
suitable for consumption in raw, cooked, or salad form,
such as cabbage, Brussels sprouts, broccoli,
cauliflower, radish, rocket, and Chinese cabbage.
Additionally, it comprises plants used for seasoning
purposes, including mustard, wasabi, and wild radish
(Rakow, 2004; Chen et al., 2013; Gupta, 2016). Among
the most extensively cultivated and utilized
Brassicaceous vegetables, virtually all are edible,
Brassica oleracea and B. rapa are prominent examples,
while the seeds of B. nigra, B. carinata, and B. juncea
find application as seasonings in kitchens. According
to data from the Food and Agriculture Organization
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(FAO), B. napus, B. rapa, B. juncea, and B. carinata,
which also serve as leaf and root vegetables,
collectively contribute to 12% of the world's supply of
edible vegetable oils (Anonymous, 2021a).

In recent decades, there has been a notable 33.8%
increase in the global production of Brassicaceous
vegetable species. As of 2020, China, India, and Russia
emerged as the top producers (Anonymous, 2021b).
Within Hatay Province, located in Turkey, the
cultivation of minor Brassicaceous vegetables 1is
widespread across various districts, including
Antakya, Kirikhan, Hassa, Reyhanli, Kumlu, Altin6zi,
Samandagi, Arsuz, Iskenderun, Erzin, and Dortyol.
These minor vegetables include white and red cabbage,
cauliflower, radish, and rocket. In Hatay Province,
white cabbage was cultivated on 727 da, resulting in a
total production of 1,315 tons, while red cabbage
covered 130 da, yielding 260 tons. Additionally, radish,
rocket, and watercress were cultivated on 255, 530,
and 814 days, respectively (Anonymous, 2020).

Brassicaceous vegetable plants, encompassing vital
vegetable species such as white and red cabbage,
cauliflower, broccoli, radish, garden cress, and rocket,
are susceptible to a range of disease agents, including
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bacteria and fungi, which can adversely affect both
yield and quality (Smith et al., 1988; Koike et al., 2007;
Srivastava et al., 2011). Among the factors that can
limit yield and quality in Brassicaceousvegetables, soil
and leaf-borne fungal, oomycete, and bacterial diseases
play a prominent role. These disease agents have the
potential to significantly influence crop yield and
quality, manifesting at various stages of growth, from
the seedling stage to later developmental phases
(Bruehl, 1987). Fungal and oomycete diseases pose
significant threats to Brassicaceous vegetables,
including Alternaria leaf spot and blight (Alternaria
spp.), anthracnose (Colletotrichum spp.), downy
mildew (Hyaloperonospora parasitica [Syn.
Peronospora parasitical, Perofascia lepidic), powdery
mildew (Erysiphe cruciferous), Sclerotinia stem and
head rot (Sclerotinia sclerotiorum), white rust (A7bugo
candida, Albugo lepidic), wilt (Fusarium spp.), leaf spot
(Leptosphaerulina brassicas, Cercospora chiant,
damping-off (Pythium spp.), clubroot (Plasmodiophora
brassicae), and blackleg (Leptosphaeria maculans)
(Koike, 2007; Srivastava et al., 2011; Kumar et al.,
2017; Al-Lami et al., 2019; Shaw et al., 2021; Kiran et
al., 2022; Greer et al., 2023; Mourou et al., 2023).

In addition to fungal and oomycete pathogens,
bacterial diseases are significant biotic factors that can
detrimentally affect the production and yield of
vegetable species within this genus. Primary bacterial
diseases include soft rot, caused by Pectobacterium
carotovorum subsp. carotovorum (= Erwinia carotovora
subsp. carotovora),  Pseudomonas  viridiflava,
Pseudomonas corrugata, leaf spot disease caused by
Pseudomonas syringae pv. maculicola, and black rot,
caused by Xanthomonas campestris pv. campestris.
Furthermore, species such as Pseudomonas marginalis
and Pseudomonas fluorescens are known as
opportunistic bacterial diseases (Koike et al., 2007;
Rimmer et al. 2007).

While studies examining fungal and bacterial disease
agents affecting key Brassicaceous vegetable species
are conducted in regions around the world (Mourou et
al., 2023), research in Turkey on these disease agents
within such plants remains notably scarce. Several
disease agents have been identified for the first time in
Turkey, specifically within Brassicaceous vegetable
species, including cabbage, cauliflower, broccoli, and
Brussels sprouts, grown in various regions. Notably, X
campestris pv. campestris, the causative agent of
bacterial black spot disease, along with soft rot agents
P. carotovorum subsp. carotovorum and P. viridiflava,
have been reported as the first disease records for
Brassicaceous vegetable species (Mirik et al., 2008;
Aksoy et al., 2017a, b; Aksoy & Oztiirk, 2018; Oztiirk
et al., 2019; Oztiirk & Soylu, 2022; Meral et al., 2022).
Similarly, R. solani, responsible for root and crown rot,
has been reported in red and white cabbage plants
cultivated in various regions of Turkey (Saygi et al.,
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2020; Benli & Tirkkan, 2020; Erper et al., 2021). In
the case of cabbage, head rot disease caused by .S.
sclerotiorum has also been previously reported (Tozlu
et al., 2016). Furthermore, oomycete disease agents
such as P. lepidii were found to cause downy mildew,
while A. lepidii was associated with white rust disease
in garden cress (Lepidium sativum) plants growing in
Hatay province (Soylu et al., 2017; Soylu et al., 2019).

In recent years, farmers in the districts of Hatay
Province have been confronted with significant
challenges related to economic losses stemming from
fungal and bacterial diseases that afflict Brassicaceous
vegetables. While some information is available
regarding diseases caused by P. lepidii and A. lepidii
in garden cress plants, there remains a dearth of
knowledge regarding disease agents responsible for
other ailments and their prevalence in production
areas. This study is aimed at addressing this gap by
identifying and assessing the prevalence of fungal,
oomycete, and bacterial disease agents on significant
Brassicaceous vegetables, including white and red
cabbage, cauliflower, broccoli, radish, garden cress,
and rocket growing in districts of Hatay Province.

MATERIAL and METHODS

Determination of the Prevalence of Fungal and
Bacterial Disease Agents.

Disease survey investigations were conducted during
the 2020-2021 cultivation season, taking into account
data provided by the Hatay Provincial Agriculture
Directorate for the year 2019. These surveys
encompassed approximately 10% of the total cultivated
area in Hatay Province, covering various districts
including Antakya, Kirikhan, Hassa, Reyhanl,
Kumlu, Altinézi, Samandagi, Arsuz, Iskenderun,
Erzin, and Dortyol. These districts are known for the
cultivation of different minor vegetable crops
belonging to Brassica species, spanning a total area of
6181 da.

The survey studies were conducted at different growth
stages of the plant, including the seedling (September-
October 2020), before and after heading stages
(November 2020-April 2021). In the surveyed fields, a
systematic zigzag pattern was followed to inspect the
entire area, and any observed symptoms were recorded
(Bora & Karaca, 1970). Suspicious plant samples were
assigned unique codes and subsequently transported
to the laboratory for isolation and identification. The
prevalence of disease agents was determined by
calculating the number of fields in which the disease
was observed out of the total surveyed fields.
Additionally, the incidence rate for each field was
calculated by relating the number of diseased samples
to every 100 plants within that field.



KSU Tarim ve Doga Derg 27 (4), 839-855, 2024
KSU J. Agric Nat 27 (4), 839-855, 2024

Arastirma Makalesi
Research Article

Isolation of Fungal Disease Agents

Fungal pathogens were isolated from various parts of
the host plants displaying characteristic disease
symptoms. General and selective nutrient media,
including Potato Sucrose Agar (PSA; Merck,
Darmstadt, Germany), Czapek Dox Agar (CPA; Merck,
Darmstadt, Germany), and Carnation Leaf Piece Agar
(CLA) were used for the isolation process. Plant
tissues, such as roots, stems, heads, and leaves from
affected plants, were first washed under tap water.
Subsequently, necrotic tissues resulting from the
infection were cut into 5 mm pieces using a sterile
scalpel. Tissue pieces were surface disinfected in 75%
ethanol for 1 minute, followed by a 5-minute exposure
to 3% hypochlorite. After disinfection, the tissue pieces
were rinsed three times in sterile distilled water and
left to air dry for 1-2 hours on sterile blotting papers.
Once they were completely dried, the tissue pieces
were transferred to 90 mm diameter Petri dishes
containing general and selective culture media,
supplemented with 50 pg ml! streptomycin sulfate.
Four pieces were placed in each petri dish, which was
then incubated at 25°C for 5-7 days. Following
incubation, mycelial disks were taken from actively
growing colonies of each isolate and transferred to 60
mm diameter PDA Petri dishes containing the 50 pg
ml! streptomycin sulfate, and incubated at 25°C for 5
days. Subsequently, single spore cultures were
prepared for all fungal isolates and preserved at -20°C
in envelopes on filter paper for further studies.

Morphological Identification of Fungal Disease Agents

All single-spored cultures of fungal isolates were
evaluated for their colony morphologies, pigment
formations, presence of overwintering structures
(sclerotic), mycelium, conidiophores, and conidial
developments on general (V8 Juice Agar) and selective
media (CLA) kept at 25°C with 12-hour alternating
fluorescent/UV light and darkness. To measure the
dimensions of the conidia produced by each isolate,
conidial suspensions were prepared from 7-10-day-old
cultures grown on PDA using sterile distilled water,
and the shape and size measurements of their conidia
were determined using a trinocular light microscope
(Olympus BX51, Japan). Identification was performed
using diagnostic keys based on morphocultural
characteristics published by Ellis (1971), Sneh et al.
(1991), Leslie & Summerell (2006), and Simmons
(2007). The identification of oomycete pathogens was
made based on the conidia and conidiophore structures
taken directly from the diseased tissues, as previously
described (Constantinescu & Fatehi, 2002; Choi et al.,
2007).

and Oomycete

Pathogenicity Tests of Fungal

Pathogens
The pathogenicity of the fungal and oomycete isolates
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was confirmed on different parts (leaves, root collar,
etc.) of 8-week-old seedlings of host plants, including
white head cabbage (cv. Lades F1), red cabbage (cv.
Karmen F1), cauliflower (cv. Bahara F1), broccoli (cv.
Vole), garden cress (cv. Arzuman), rocket (cv.
Arzuman), and radish (cv. Kadirli). For leaf pathogens
such as A. lepidii, A. candida, and P. lepidii, conidial
suspensions were prepared at a concentration of 109
conidia ml! in sterile water and sprayed onto the leaf
surface (Soylu et al., 2019). Isolates of A. alternata, B.
cinerea, and Stemphylum sp. were inoculated by
applying 20 ul of conidial suspensions, at a
concentration of 108 conidia ml! in sterile water, onto
wounds made on the leaf surface using a sterile syringe
needle (Blagojevié et al., 2020). Isolates of R. solani, S.
sclerotiorum, F. solani, F. oxysporum, and F. equiseti
were inoculated by placing mycelial pieces obtained
from 5-day-old mycelial cultures into wounds at the
base of stems of 8-week-old healthy cabbage seedlings.
In the pathogenicity tests, ten seedlings for each
representative isolate were used. Following the onset
of disease symptoms at the inoculation points, the
fungal pathogens were re-isolated and compared with
the original isolates.

Molecular Identification of Fungal Disease Agents

To confirm the morphological identification of the
fungal pathogens from infected plants, molecular
identification studies were conducted. Amplification of
internal transcribed spacer (ITS) rDNA locus was
performed using universal primer pairs ITS1 (5'-
TCCGTAGGTGAACCTGCG-3) and ITS4 (5"
TCCTCCGCTTATTGATATGC-3") (White et al., 1990).
Fungal genomic DNA was extracted from 5-day-old
aerial mycelia of pure cultures of representative
isolates grown on PDA. Fungal mycelia were
homogenized in 2 ml Eppendorf tubes, and their DNA
was extracted by using the genomic DNA isolation kit
(DNeasy Plant Mini Kit, Qiagen Inc., Valencia, CA)
following the manufacturer's recommendations. The
quantity and quality of the extracted genomic DNA
were assessed using the Qubit 3.0 fluorometer. The
PCR procedure was carried out in a thermal cycler
(Applied Biosystems, Singapore), with each mixture
consisting of 1x PCR buffer, 0.2 pM dNTP, 0.5 pM of
each primer, 1 U Taq polymerase (Invitrogen), and 2 nl
of genomic DNA. PCR condition was set to initiate
denaturation at 94°C for 3 minutes, followed by 35
cycles of denaturation at 94°C for 45 seconds,
annealing at 55°C for 30 seconds, and extension at
72°C for 60 seconds, concluding with a final extension
step at 72°C for 10 minutes (White et al., 1990). The
quality of PCR products was visualized by capillary
electrophoresis (QIAxcel Advanced, Qiagen, Germany)
as previously described (Uysal et al., 2022). Molecular
identification of fungal isolates, relying on sequencing
results, involved using the BLAST program at the
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National Center for Biotechnology Information (NCBI)
to compare the sequences with known species.

Isolation and Pathogenicity of Bacterial Disease
Agents

Bacterial pathogens were isolated directly from
infection sites and cultured on general (Tryptic Soy
Agar, TSA) and selective media (King B Agar, KB). The
plates were then incubated at 25°C for 24-48 hours in
incubators.  Bacterial isolates with  varying
morphological structures that grew on the plates were
subcultured from single colonies onto TSA following
the procedures outlined by Lelliot & Stead (1987).
Each bacterial colony isolated from a different plant
was treated as a separate isolate and preserved at -
80°C in a 40% glycerol solution for use in future
studies. Biochemical tests, such as colony color, colony
form, cell morphology, gram reaction, oxidase and
catalase production, as well, and levan formation, were
employed to make a preliminary selection of isolates by
the methods outlined by Lelliott & Stead (1987). All
isolates originating from single colonies were initially
tested for Hypersensitive Reaction (HR) on tobacco
leaves and subsequently, rotting tests on various parts
of host plants, including leaves, stems, flowers, and
potato slices. Pathogenicity tests of representative
isolates were conducted on their original host plants. A
bacterial suspensions of Xanthomonas campestris pv.
campestris at 106 cfu ml-! concentration was injected
into the leaves of 8-week-old white cabbage seedlings
(cv. Yalova). Pathogenicity tests of soft rot bacterial
disease agents were conducted on cabbage leaves,
broccoli, cauliflower, and radish. Two-day-old bacterial
colonies were taken with a sterile toothpick and
directly inoculated on the stem of their host plants. The
inoculation site was covered with parafilm. The
inoculated plant parts were placed into a transparent
storage box and incubated at 25 € for 3 days and the
formations of soft rot lesions at the inoculation site
were examined (Oztiirk & Soylu, 2022).

Identification of Bacterial and Fungal Disease Agents
by MALDI-TOF

Morphological and biochemical identification of fungal
and bacterial isolates were also confirmed by using the
MALDI-TOF (Bruker Daltonics GmbH, Bremen,
Germany) Biotyper identification system, (Pavlovic et
al., 2012). Bacterial isolates on TSA and fungal isolates
in Potato Dextrose Broth were cultivated for 24-48
hours. The ethanol-formic acid method was utilized for
protein extraction (Soylu et al., 2022). Specific protein
spectra were obtained through the MALDI-TOF
Biotyper. Obtained spectra were then compared with
the protein spectra of reference bacterial isolates
available in the device's microbial library, employing
the Maldi Biotyper Real-Time Classification (RTC)
software (Biotyper 3.0; Microflex LT; Bruker Daltonics
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GmbH, Bremen, Germany) for species-level
identification, as detailed by Soylu et al. (2023).

RESULTS and DISCUSSIONS

The initial disease survey was conducted in cultivation
areas of cabbage (white and red), cauliflower, broccoli,
rocket, and radish in September 2020, coinciding with
the emergence of the first seedlings. No signs of disease
were detected on the seedlings when they were
transplanted into the fields. Based on communication
with local farmers, sporadic reports mentioned a slight
drying of some seedlings approximately one week after
planting. Since farmers promptly replaced the affected
seedlings with healthy ones, the surveys did not reveal
any notable instances of such drying.

Subsequent 3 surveys were carried out in October and
November 2020, aligning with the growth of the
seedlings and the commencement of the heading stage
(for white and red cabbage and cauliflower). These
surveys collectively covered a total of 77 fields located
in the districts of Antakya, Kirikhan, Kumlu,
Reyhanli, Hassa, and Arsuz. The presence of root rot
was 1dentified at the root and crown of certain red
cabbage seedlings (Figure 1).

In cabbage fields, only one field exhibited signs of mild
wilting, affecting a minimal percentage of plants,
approximately 2-3% (see Figure 2A-E). In the third and
fourth surveys conducted in October and November
2020, the prevalence of pathogens exhibited
considerable variation across the surveyed fields. A
cross-section of the stem of the plant displaying such
symptoms revealed darkening in the vascular bundles,
reminiscent of the thinning observed at the root collar
in red cabbage seedlings. Subsequent isolations from
symptomatic plants collected during all surveys
yielded 76 different fungal isolates. Based on
morphological characteristics of the fungal structures
of each 1isolate, 6 different fungal species tentatively
identified as R. solani (Sneh et al., 1991), S
sclerotiorum (Kohn, 1979), Fusarium spp. (Leslie &
Summerell, 2006), Alternaria spp (Simmons, 2007)
and Stemphylum spp. (Woudenberg et al., 2017).

The last 3 surveys, which occurred just before harvest,
were conducted in March and April 2021,
encompassing 130 fields of cabbage (white and red),
garden cress, rocket, radish, and cauliflower plants
that were either harvested or at a stage of delayed
harvest (Figure 3). These fields were spread across the
districts of Antakya, Arsuz, Payas, Iskenderun,
Dortyol, Erzin, Hassa, Kirikhan, Reyhanli, Kumlu,
and Altinézi. Subsequent isolations from symptomatic
plants collected during these surveys yielded 38
different fungal isolates White-headed cabbage plants
exhibited symptoms of head rot disease, caused by S.
sclerotiorum (with a prevalence ranging from 6% to
11%), leaf spot disease caused by Alternaria spp. (with
a prevalence of 2% to 7%), and gray mold diseases
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associated with B. cinerea (with a prevalence of 1% to
5%).

During all surveys, a total of 114 fungal isolates were
obtained, 32 isolates were identified as Fusarium spp.,
25 1solates as K. solani, 21 isolates as S. sclerotiorum,
19 isolates as Alternaria spp., 9 isolates as B. cinerea,
and 8 isolates as Stemphylum spp.. According to

observations and identification results, prevalence
rates range from 3% to 11%, 1% to 8%, 1% to 7%, 1% to
4%, 2% to 7%, 1% to 3%, 1% to 2%, and <1% were

recorded for R. solani, S. sclerotiorum, F. solani, F.
oxysporum, F. exquisite, Alternaria spp., B. cinerea,
and Stemphylum spp., respectively. Morphological
identification of these isolates was confirmed by
MALDI-TOF analysis results.

Figure 1. General wilting symptoms (arrows) associated with root and root collar rot on some seedlings, indicating
the presence of fungal disease agents in Brassica planting areas in Hatay Province during the October

2020 surveys.

Sekil 1. Hatay ili 6nemli Brassica ekim alanlarinda Fkim 2020 tarihinde yapilan sérveylerde bazi fidelerin
koklerinde kék ve kékbogazi ¢iirtikliigiine (ok) bagh genel solgunluk belirtileri.

The isolates, initially characterized based on
morphological features and MALDI-TOF, were
conclusively identified wusing molecular methods

employing universal primer pairs ITS1-4. Molecular
analyses demonstrated that the morphologically
identified isolates exhibited a remarkable similarity of
99.83-100% with sequences available in the NCBI
database. Notably, among the obtained isolates, the
following fungal species were molecularly identified
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and their sequence data deposited in GenBank:
Alternaria alternata LAa21 (OM854806, 100%
matched with the sequence of KU360613), Sclerotinia
sclerotiorum LRs11 (OMS867578, 100% matched with
the sequence of MG516658), Fusarium exquisite
LFe33 (OM883923, 100% matched with the sequence
of MT601958), Rhizoctonia solani LRs5 (OM883982,
99.83% matched with the sequence of HF912172),
Fusarium solani KFs9 (OM883985, 100% matched



KSU Tarim ve Doga Derg 27 (4), 839-855, 2024 Arastirma Makalesi
KSU J. Agric Nat 27 (4), 839-855, 2024 Research Article

G

Figure 2. (A-E) Typical wilting symptoms associated with root thinning and root rot (indicated by arrows) were
observed during surveys in significant Brassica cultivation areas in Hatay Province in November 2020.
(F) Notable necrotic lesion symptoms were observed on leaves. (G-I) Darkening of the vascular bundles
in stem cross-sections of plants displaying wilting symptoms (indicated by arrows). Petri dish images of
isolates of Rhizoctonia solani (J), Fusarium solani (K), and Alternaria alternata (L) were obtained from
tissues exhibiting disease symptoms.

Sekil 2. (A-E) Hatay ili énemli Brassica ekim alanlarinda Kasim 2020 tarihlerinde yapilan sorveylerde gdzlenen
bitkilerin koéklerinde incelme ve kok ciiriikliigiine bagl genel solgunluk belirtileri (ok); F, Yapraklarda
gozlenen nekrotik leke belirtileri. G-I, solgunluk belirtisi gosteren bitkilerin govde kesitlerinde iletim
demetlerindeki kararma belirtileri (ok). Hastalik belirtileri gésteren dokulardan elde edilen Rhizoctonia
solani (J), Fusarium solani (K) ve Alternaria alternata (L) izolatlarina ait petri goriintiileri.
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Figure 3. Diseases

.

caused by different fungal pathogens identified in Brassica spp. cultivation areas of Hatay

Province. (A) Abundant sporulation of gray mold disease caused by Botrytis cinerea on main heads and
leaves (indicated by arrows). (B-D) Formation of sclerotia due to severe infection on cabbage heads and
leaves, resulting from head rot disease caused by Sclerotinia sclerotiorum (indicated by arrows). (E-H)
Disease symptoms induced by fungal pathogens, including Stemphylim sp. (E and F), Alternaria
alternata (G), and Rhizoctonia solani (H), were observed on cabbage leaves (indicated by arrows).

Sekil 5. Hatay ili énemli Brassica ekim alanlarinda yapilan sorveylerde tespit edilen hastaliklar. (A) Botrytis
cinerea tarafindan neden olunan gri kiif hastaliginin ana bas ve yapraklardaki yogun sporulasyonu (ok).
(B-D) Sclerotinia sclerotiorum tarafindan neden olunan beyaz ¢iliriikliik hastaliginin lahana bas ve
yapraklardaki yogun enfeksiyon sonucu olusturdugu sklerotlar (ok). (E-H) Lahana yapraklarinda
Stemphylim sp., (E ve F) Alternaria alternata (G) ve Rhizoctonia solani (H) gibi fungal hastalik etmenleri
tarafindan neden olunan hastalik belirtileri (ok).

with the sequence of MG991246), Fusarium
oxysporum KFo27 (OM883986, 100% matched with
the sequence of KU528846), and Stemphylum sp.
LSt33 (OM884463, 100% matched with the sequence of
0K560128). The sequence of the Stemphylum sp.
LSt33 isolate exhibited a 100% match with the
sequence of Stemphylium eturmiunum, which is the
causal agent of black spot disease in apples
(OK560128), as confirmed by BLAST analysis.

During the last surveys conducted from March to April
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2021, a distinct pattern emerged, highlighting
variations in the prevalence of diseases caused by
oomycete pathogens in leafy vegetables, such as rocket
and garden cress, in comparison to the fungal and
bacterial diseases observed in cabbage and cauliflower,
affecting their leaves, shoots, and stems (Figure 4).
The prevalence of white rust disease, caused by A.
lepidii, was notably higher in garden cress plants,
ranging from 14% to 55% (see Figure 4A). In contrast,
downy mildew disease, caused by P. lepidii, exhibited
relatively lower prevalence rates, ranging from 4% to
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11% (see Figure 4C). This trend was also observed in
rocket and radish plants, which share similar small
planting areas with garden cress (Figure 4B and
Figure 5). In rocket and radish plant cultivated areas,
white rust disease, caused by A. candida, was common
(Figure 4B and Figure 5). The prevalence rate of A.

candida ranged from 25% to 70%, whereas downy
mildew disease, caused by P. lepidii agent, exhibited a
relatively lower prevalence, ranging from 9% to 18% in
garden cress plants. Importantly, powdery mildew
disease caused by Erysiphe cruciferarum was not
detected during any of the surveys.

Figure 4. Typical disease symptoms (arrows) caused by the causal agents of white rust, Albugo lepidii (A), Albugo
candida (B), and downy mildew, Perofascia lepidii (C), on leaves of garden cress (A, C) and rocket (B)
plant surveyed in Hatay province. (D) Dense sporangia (arrow) of Albugo. (E) Conidiophores (arrow) and
ellipsoidal-oval conidia are produced by the downy mildew pathogen, Perofascia lepidii. (F) Thick-walled
oospores (arrows) produced by Albugo lepidic on leaf surfaces

Sekil 4. Hatay ilinde yapilan sérveylerde tere (A, C) ve roka (B) bitkilerinde beyaz pas hastalik etmeni Albugo
lepidii (A), Albugo candida (B) ve (mildiyé hastalik etmeni Perofascia lepidii C) tarafindan neden olunan
tipik hastalik belirtileri (ok). (D) Albugo lepidii nin yogun sporangiumlar: (ok). (E) Mildiyé hastalik
etmeni Perofascia lepidii konidioforu (ok) ve elipsik-oval yapili konidileri. (F) Albugo lepidii’nin yaprak

tizerinde olusturdugu kalin duvarl oosporlar (ok)

During the surveys, unusual physiological disorders,
characterized as abiotic stress-induced edema
(Oedema), were also observed on cabbage leaves in
only three fields in the Arsuz and Kirikhan districts
(Figure 6). Edema represents a physiological anomaly
that arises in conditions where air temperatures are
cooler than the soil, and there is a high relative
humidity discrepancy between the soil and the
atmosphere. This phenomenon heightens cell turgor by
promoting water uptake, diminishes transpiration
rates, leads to the rupture of epidermal cells, facilitates
the expansion of underlying cells, and ultimately
culminates in the formation of wart-like outgrowths.
These outgrowths, although mimicking symptoms
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induced by parasitic organisms, ultimately result in
cellular necrosis and discoloration.

In the surveyed fields, beyond the presence of fungal
diseases, symptoms indicative of black rot, caused by
X campestris pv. campestris (with a prevalence
ranging from 1% to 7%), as well as soft rot disease
caused by diverse bacterial species (ranging from 1%
to 13%), were observed on the leaves, stems, heads, and
tubers of cabbage, broccoli, cauliflower, and radish
plants (Figure 7 and Figure 8). Black rot symptoms
were typically characterized by V-shaped wilting along
the margins of the cabbage leaves, encircled by a
yellow discoloration around the affected area, and the
presence of darkened veins (Figure 7A, B).
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Subsequently, 17 isolates were obtained from infected
plant leaves of white-headed cabbage and identified

F’-—w

using MALDI-TOF.

Figure 5. (A) Black necrotic lesions (arrow), caused by Stemphylium sp., were observed on radish tubers during
surveys conducted in the significant Brassica cultivation regions of Hatay Province. (B-C) Distinctive
disease symptoms manifest on radish plant leaves caused by Albugo candida (arrow).

Sekil 5. (A) Hatay ili 6nemli Brassica ekim alanlarinda yapilan sorveylerde turp yumrularinda Stemphylium sp.
tarafindan neden olunan siyah nekrotik ¢okiintiiler (ok). (B-C) Turp bitki yapraklarinda beyaz pas
hastalik etmeni Albugo candida tarafindan neden olunan tipik hastalik belirtileri (ok)

Figure 6. Typical edema (Oedema) symptoms, caused by abiotic factors, in cabbage leaves grown in the Brassica

cultivation regions of Hatay Province.

Sekil 6. Hatay ili 6nemli Brassica ekim alanlarinda yapilan sorveylerde lahana yapraklarinda abiyotik etkenlerden

kaynaklanan édem (Oedema) belirtileri (ok)

Using MALDI-TOF analysis, the identification of 56
pure colonies, isolated from the root collars, stems, and
heads of white cabbage and cauliflower plants
exhibiting soft rot symptoms, confirmed the prevalence
of primary causative agents responsible for soft rot
disease, including P. caratovorum subsp. caratovorum
(15 isolates), P. parmentieri (8 isolates), P. victoria (7
isolates), and P. corrugata (6 isolates), which were
recorded at a prevalence of 4% to 13%. Secondary
opportunistic bacterial agents, such as P. agglomerans
(6 isolates), P. fluorescens (4 isolates), P. marginalis (3
isolates), E. cloacae (4 isolates), and B pumilus (3
isolates), were detected at a prevalence rate of less
than 1%.
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All bacterial isolates were subjected to pathogenicity
tests on their respective host plants. P. caratovorum,
P. parmentieri, P. victoria, and P. corrugata caused
typical soft rot disease symptoms on artificially
inoculated cabbage, broccoli, cauliflower, and radish
plants (Figure 9). Opportunistic secondary soft rot
disease agents P. agglomerans, P. fluorescens, P.
marginalis, E. cloacae, and B. pumilus, however, did
not cause typical soft rot disease symptoms at the
inoculation sites (Figure 10).

According to literature records, there is limited
research focusing on the identification of fungal
diseases, primarily affecting Brassicaceous vegetables
such as cabbage (white and red), cauliflower, and
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broccoli in Turkey. The results obtained in this study different districts of Hatay Province, where cabbage,
revealed the prevalence of various fungal pathogens in

WD

-

Figure 7. Disease Symptoms on cabbage leaves from surveyed Brassica cultivation areas in Hatay Province. (A-B)
Symptoms caused by Xanthomonas campestris pv. campestris, (C) Symptoms associated with Pantoaea
agglomerans. Typical symptoms of soft rot disease caused by Pectobacterium spp. and Pseudomonas spp.
on cabbage stems (D) and heads (E) are indicated by arrows.

Sekil 7. Hatay ili 6nemli Brassica ekim alanlarinda yapilan sérveylerde lahana yapraklarinda (A-B) Xanthomonas
campestris pv. campestris ve Pantoaea agglomerans (C) tarafindan neden olunan hastalik belirtileri.
Lahana kék bogazi (D) ve baslarda (E) farkli Pectobacterium spp., Pseudomonas spp., tiirleri tarafindan
neden olunan yumusak ¢iiriikliik hastalik belirtileri (ok)

Figure 8. Soft rot disease symptoms (arrows) caused by different Pectobacterium spp. in cauliflower heads in the
surveyed Brassica cultivation areas of Hatay Province.

Sekil 8 Hatay ili onemli Brassica ekim alanlarinda yapilan sorveylerde Karnabahar baslarinda farkl
Pectobacterium spp. tarafindan neden olunan yumusak ¢iiriikliik hastalik belirtileri (ok)
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Figure 9. Typical soft rot disease symptoms caused by different Pectobacterium spp. and Pseudomonas spp. on
various Brassica spp. during pathogenicity tests.
Sekil 9. Hatay 1li énemli Brassica ekim alanlarinda yapilan sorveylerde farkli Pectobacterium spp. ve

Pseudomonas spp. tarafindan farkl

Brassica tiirleri

lizerinde yapllan patojenite testlerinde

olusturduklar: tipik yumusak ¢iiriikliik hastalik belirtileri (ok)

Figure 10. Atypical disease symptoms (arrow) caused by opportunistic bacterial isolates of Pantoae agglomerans,
Pseudomonas fluorescens, Pseudomonas marginalis, Enterobacter cloacae, and Bacillus pumilis on
various Brassica spp. during pathogenicity tests.

Sekil 10. Hatay ili 6nemli Brassica ekim alanlarinda yapilan sorveylerde yumusak ¢lirtikliik belirtilerinden izole
edilmis Pantoae agglomerans, Pseudomonas fluorescens, Pseudomonas marginalis, Enterobacter
cloaceae ve Bacillus pumilis izolatlar: tarafindan farkli Brassica tiirleri lizerinde yapilan patojenite
testlerinde olusturduklar: atipik hastalik belirtileri (ok)

breeoli, and cauliflower are cultivated. Morphological
and molecular results confirmed that soil-borne fungal
pathogens such as K. solani, S. sclerotiorum, F. solani,
F. oxysporum, F. equiseti, and A. alternata were major
causal disease agents on various plants. Notably,
oomycete white rust disease agents A. candida and A.
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lepidii, along with the downy mildew pathogen P.
lepidii, were identified as major pathogens affecting
leafy Brassicaceous vegetables such as rocket, garden
cress, and radish. Previous studies have reported the
existence of different anastomosis groups of K. solani
in cabbage cultivation areas in the Black Sea region
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(Erper et al., 2017; Tiirkkan et al., 2020, Sayg et al.,
2020; Benli et al., 2021; Erper et al., 2021). S.
sclerotiorum has been identified as the causative agent
of head rot in cabbage crops in Erzurum Province
(Tozlu et al., 2016). Recent studies have also reported
the presence of A. candida on rocket and garden cress
in Ankara and Eskisehir (Canpolat & Tiilek, 2019), A.
lepidii and P. lepidii on garden cress plants in Hatay
Province (Soylu et al., 2017; Soylu et al., 2019).

To the best of our knowledge, A. alternata LAa2l
(OMS854806), F. equiseti LFe33 (OM883923), F. solani
KFs9 (OM883985), F. oxysporum KFo27 (OM883986),
and Stemphylium sp. LSt33 (OM884463) have been
identified as causal agents in different Brassicaceous
vegetables cultivated in Turkey for the first time. The
presence of Fusarium equisetiin cabbage plants grown
in Korea (Afroz et al., 2021), F. oxysporum and F.
solaniin cabbage plants grown in Egypt (Khafagi et al.,
2018) and China (Yan et al., 2018) and S. sclerotiorum
in cabbage and canola crops in Sri Lanka and Iran
(Yousefdoost & Ghosta, 2013; Mahalingam et al., 2017;
Khan et al., 2022) has been previously reported during
routine disease surveys.

In addition to fungal diseases, Brassicaceous plants
are also susceptible to various bacterial pathogens.
Among the bacterial pathogens known to affect
Brassicaceous plants, Pectobacterium spp. and
Pseudomonas spp. are associated with soft rot disease,
P. syringae pv. maculicola causes leaf spot disease and
X campestris pv. campestris is responsible for black
rot disease (Rimmer et al., 2007). The present study
also investigated the presence of bacterial diseases in
different Brassicaceous vegetable crops cultivated in
Hatay Province, Turkey. The identification of these
bacterial species was accomplished through a
combination of biochemical analyses and MALDI-TOF
analyses. X. campestris pv. campestris was isolated
from the leaves of cabbage plants. This pathogen was
more prevalent in fields with high groundwater levels,

especially in late-harvested fields. Isolates of
Pectobacterium  spp., Pseudomonas spp., P.
agglomerans, FE. cloacae, and B. pumulis were

1dentified from white cabbage, cauliflower, broccoli,
and radish plants displaying symptoms of soft rot
disease. To assess the pathogenicity of all bacterial
isolates obtained from soft rot symptoms, experiments
were conducted on both the plant species from which
they were 1isolated and on potato slices. This
comprehensive approach allowed us to determine the
virulence of these isolates. Following the inoculation
process and subsequent re-isolation from
Brassicaceous vegetable crops and potato slices, pure
colonies were examined and their species were
reconfirmed. This rigorous methodology ensured the
accuracy of our findings regarding the pathogenicity of
these bacterial isolates.

Previous studies have documented the presence of X.
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campestris pv. campestris (Mirik et al., 2008; Aksoy et
al., 2018; Oztiirk et al., 2019; Oztiirk & Soylu, 2021)
and P. caratovorum (Aksoy et al., 2017; Oztirk &
Soylu, 2022) on Brassica spp growing in various
provinces of Turkey, including Adana, Samsun, and
Yozgat. This study represents a significant
contribution as it is the first report of primary soft rot
pathogens such as P. parmentieri, P. victoria, and P.
corrugata. Additionally, this is also the first report of
opportunistic (secondary) soft rot pathogens, including
P. agglomerans, P. fluorescens, P. marginalis, FE.
cloacae, and B. pumilis on Brassica spp growing in
Turkey. P. parmentieri, P. victoria, and P. corrugata
have been previously documented as primary soft rot
disease agents in various vegetables in Turkey (Mirik
et al., 2011; Imriz and Cinar, 2015; Oztiirk et al., 2018;
Soylu et al., 2022). Similarly, P. agglomerans has been
reported to cause soft rot diseases in Napa cabbage in
China (Guo et al., 2019). Furthermore, P. fluorescens,
P. marginalis, and E. cloacae have been reported in
various vegetables displaying soft rot symptoms
worldwide, including Turkey (Godfrey & Marshall,
2002; Koike et al., 2007; Mikicinski et al., 2010;
Hausdorf et al., 2011; Achbani et al., 2014; Dadasoglu
& Kotan, 2017; Garcia-Gonzalez et al., 2018; Soylu et
al., 2022).

CONCLUSION

This study conducted a comprehensive investigation
into the identification, prevalence, and incidence of
fungal, oomycete, and bacterial pathogens in various
Brassicaceous plants, which hold significance as minor
vegetables cultivated in the Hatay province of Turkey.
Among the fungal pathogens examined, it 1is
noteworthy that A. alternata LAa21 (OMS854806), F.
equiseti LFe33 (0OMS883923), F. solani KFs9
(OM883985), F. oxysporum KFo27 (OM883986), and
Stemphylum sp. LSt33 (OM884463) were identified as
the causal agents of diseases on Brassicaceous species
grown in Turkey for the first time. This expands our
knowledge of the diversity of pathogens affecting these
crops. In addition to the fungal agents, the results of
this study also revealed the presence of bacterial
pathogens. Among the bacterial pathogens examined,
P. parmentieri, P. cichorii, and P. corrugata, along
with opportunistic (secondary) soft rot pathogens like
P. agglomerans, P. fluorescens, P. marginalis, FE.
cloacae, and B. pumilis, were determined as causative
bacterial disease agents on Brassicaceous vegetable
plants for the first time in Turkey. The identification
of these previously unreported disease agents is of
significant importance. Neglecting to implement
necessary precautions against these pathogens could
potentially result in substantial yield and quality
losses in the region in the forthcoming periods.
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ABSTRACT

The Mediterranean fruit fly, medfly, Ceratitis capitata (Wiedemann)
(Diptera: Tephritidae) is a serious pest of many fruits and vegetables.
This study was conducted to determine the antifeeding and insecticidal
activities of some essential oils extracted from Pelargonium graveolens
(Geraniaceae), geranium, and Lavandula intermedia Mill. (Lamiaceae),
lavender, Nigella sativa L. (Ranunculaceae) black cumin, and Laurus
nobilis L. (Lauraceae), laurel, against second instars of the Medfly on an
artificial diet. The essential oils were obtained by Clevenger-type water
distillation and a laboratory-reared medfly colony was used in the study.
The doses of each tested essential oil were determined by multiplying
their specific gravities by applying amounts into the diet and then
distributing oil over the diet in a Petri dish having 20 larvae. All
experiments were performed under laboratory conditions of 23+1°C, 50%
RH, and 16: 8 (L:D) photoperiods. Probit MsChart was used to estimate
the LCs0 and LCoo values of the tested essential oils. GGE Biplot analyses
were created with the larval mortality based on the different essential oil
doses. As a result, the highest larval mortality was determined with the
addition of laurel and black cumin oils into the diet. The highest mortality
was detected in black cumin oil at the lowest concentrations. Based on
GGE Biplot analyses, the essential oil of black cumin had larvicidal
properties. The results provided fundamental information about the
insecticidal and antifeeding properties of the medfly in the laboratory.
Further studies are needed to integrate sustainable management
programs with natural insecticides against the medfly larvae.
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Baz Ugucu Yaglarin Kimyasal Yapisi ve Laboratuvar Kogullarinda Ceratitis capitata ‘nin (Wiedemann)

(Diptera: Tephritidae) Larva Canlihg Uzerindeki Insektisidal Etkisi

OZET

Akdeniz meyve sinegi, Ceratitis capitata (Wiedemann) (Diptera:
Tephritidae) bircok meyve ve sebzenin ciddi bir zararhsidir. Bu calisma,
Pelargonium graveolens (Geraniaceae), 1tir, Lavandula intermedia Mill.
(Lamiaceae), lavanta, Nigella sativa L. (Ranunculaceae) ¢orek otu ve
Laurus nobilis L. (Lauraceae), defneden izole edilen bazi ucucu yaglarin
yapay besiyeri lzerinde yetistirilen Akdeniz meyve sineginin ikinci
donem larvalarina karsi beslenmeyi 6nleyici ve insektisidal aktivitelerini
belirlemek amaciyla yapilmigtir. Ugucu yaglar Clevenger tipi su
distilasyon yoluyla elde edildi ve bu ¢alismada laboratuvarda yetistirilen
Akdeniz meyve sinegi kolonisi kullanildi. Test edilen her bir ugucu yagin
dozu, o6zgil agirliklarinin diyete uygulanan miktar: ile garpilarak
belirlendi ve 20 larva igeren Petri kabindaki diyet tizerine dagitildi. Tim
deneyler 23+1°C, %50 bagil nem ve 16:8 (L:D) fotoperiyotlu laboratuvar
kogullarinda gergeklestirildi. Test edilen ugucu yaglarin LCso ve LCoo
degerlerini tahmin etmek i¢in Probit MsChart kullanildi. GGE Biplot
analizleri, farklh ugucu yag dozlarina dayali olarak larva olimleri ile
olusturuldu. Sonug olarak, en yliksek larva 6limleri, yapay besiyerine
defne ve ¢orek otu yag ilave edilen grupta belirlendi. En yiiksek 6lim,
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en dusiik konsantrasyonlarda ¢érek otu yaginda tespit edildi. GGE Biplot
analizlerine gore, ¢érek otu ugucu yaginin larvalarda oldirict 6zellikleri

bulunmaktadir. Calisma sonuclari  Akdeniz

meyve

sineginin

laboratuvardaki bocek oldirici ve beslenmeyi onleyici 6zellikleri
hakkinda temel bilgiler sagladi. Akdeniz meyve sinegi larvalarina kars:
stirdiirilebilir yonetim programlarini dogal insektisitlerle entegre etmek

i¢in daha fazla calismaya ihtiya¢ bulunmaktadir.
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INTRODUCTION MATERIALS and METHOD
The Mediterranean fruit fly, Ceratitis capitata Medfly Colony

Wiedemann (Diptera: Tephritidae) is an important
pest. It is usually known as a medfly damaging more
than 350 different host plants including fruits,
subtropical fruits, vegetables, ornamental plants, and
nuts (Weems,1981; Mau & Kessing, 2007; Genc &
Yiicel, 2017). It evolved in sub-Saharan Africa and is
now well-established worldwide (Gasperi et al., 1991;
Liquido et al., 1991; Malacrida et al., 1992).

Medfly is well well-recognized pest in Turkey and
mainly attacks Citrus however, in 2016 it became
established in Canakkale (Genc & Yiicel, 2017).
Several studies have been conducted on biology and
laboratory rearing (Carey et al., 2008; Genc¢ & Yiicel,
2017), biological control (Cunningham, 1989; Goézel &
Geng, 2021), mass rearing and survival
(Economopoulos & Bruzzone, 1989; Fletcher, 1989),
host preferences (Aluja & Mangan, 2008) and toxic
effects of essential oils (Bazzoni et al., 1997).

Essential oils are secondary metabolic products of
plants, having strong aromatic components that affect
aroma and taste (Koul et al., 2008). Moreover, they
have some toxic activities through direct contact,
ingestion, and inhalation (Lee et al., 2003; 2004; Yiking
& Tunaz, 2023). There have been some studies
examining the insecticidal activity of essential oils on
the Ceratitis capitata (Moretti et al., 1998; Miguel et
al., 2010; Lopez et al., 2011; Benelli et al., 2012; Luu-
Dam et al., 2021; Ouarhach et al., 2022). However, no
such study has been found in Turkey on local medfly
populations which were previously collected from
infested fruits and then adapted and reared in the
laboratory.

The present study aimed to determine the insecticidal
activities of the essential oils extracted from
Pelargonium  graveolens, Lavandula officinalis,
Nigella sativa, and Laurus nobilis against medfly
larvae collected previously in Canakkale province. The
toxicity was tested for different doses. The chemical
composition of the tested plants was characterized to
determine putative responsible compounds caused
larval mortality in the laboratory conditions.
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The medfly larvae were reared on a cellulose-based
artificial diet, previously used to rear olive fruit fly
larvae (Genc, 2008; Genc & Yiicel, 2017). Wild medfly
colonies were maintained in the laboratory (Genc,
2008) on different fruit hosts collected in Canakkale
province (Genc & Yiicel, 2017) and held under
laboratory rearing conditions continuously since 2017.
The laboratory-adapted medfly colony was used in this
study. For bioassay studies, eggs were collected from
oviposition domes and incubated for 3 days in an
environmental chamber at 23+1°C, 50% RH, and 16: 8
(L:D) photoperiods. The first instars were transferred
to the artificial diet and reared for 72 hours. The 2nd
instars were used for the bioassays.

Plant Materials

The leaves of a laurel tree in the landscaping area of
Canakkale Onsekiz Mart University Faculty of
Agriculture were used to extract essential oil. The
leaves were picked before midday in the first week of
February 2021. The collected fresh leaves were
immediately ground with a plant grinder without
drying. Shade-dried flowers of Lavandula x intermedia
Emeric ex Loisel hybrid Super (Lamiales: Lamiaceae)
and Pelargonium graveolens 'Bourbon (Geraniales:
Geraniaceae)' variety grown in Balikesir conditions in
2021 were used to obtain essential oils in lavender and
geranium, respectively. The essential oil in black
cumin was obtained from the seeds of the Cameli
(Ranunculales: Ranunculaceae) variety of Nigella
sativa L. grown in Balikesir in 2021.

Isolation of Essential oils and Gas Chromatography
(GS) Analyses

The plant parts were extracted with S-H Clevenger
equipment (Figure 1) using 300 g of weighed materials
ground in a mill. The materials were divided into three
parts then transferred into ballons with a volume of
2000 ml each, filled with samples, and added 1200 ml
of distilled water then placed in Clevenger apparatus.
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It was boiled for 3 hours (Figure 1A). The accumulated
essential oil was separated with distilled water (Figure
1B). The extractions were performed over 8 hours until

all essential oils were obtained then transferred to a
Falcon tube, and stored at 4 °C in dark conditions until
used (Figure 1C).

Figure 1. S-H Clevenger equipment (A) collection of black cumin oil (B) and black cumin oil transferred into the

falcon tube (C)

Sekil 1. S-H Clevenger ekipmani (A), ¢orek otu yaginin toplanmasi (B) ve ¢orek otu yaginin falcon tiipe transfer

edilmesi (C)

The chemical composition of the essential oils was
identified with gas chromatography and mass
spectrometry analysis (GC-MS) Shimadzu GC-MS
QP2020 NX system with an inner Restek Rxi-MS
column (30 m x 0.25 mm x 0.25 pm). Helium was used
as a carrier gas. At the beginning temperature of the
column was 40 °C held for 3 min. The column was
heated to 240 °C at a rate of 5 °C/min and waited for
10 min. Then heated to 275 °C at a rate of 4°C/min and
waited for 10 min. The injector temperature was
250°C. The results were calculated as the percentage
of the area, taken up by each compound, and
represented as the average in each plant extract. The
components were characterized by the comparison of
their retention index (RI) with those of pure
commercial standards and by comparing mass spectra
using electronic libraries (FFNSC 3, W9N11, NIST11)
(Akcura, 2023).

Experimental Conditions

The 2rd instar medfly larvae were used to test the
effects of the essential oils (Genc & Yiicel, 2017). Four
grams of the cellulose-based artificial diet (Genc, 2008)
were placed into Petri dishes (6 cm in diameter) then
different doses of essential oils (w/v) were added with
the help of a micropipette (Figure 2A and 2B) and
mixed thoroughly. Tested essential oil doses were
obtained by multiplying the specific gravity (weight) of
each essential oil. They were determined as 0.887 g/ml
for geranium oil, 0.894 g/ml for lavender oil, 0.919 g/ml
for black cumin oil, and 0.960 g/ml for laurel oil
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(Anonymous, 2023a; Anonymous, 2023b). Tested
essential oil amounts were 1 ml, 0.75 ml, 0.50 ml, 0.25
ml, 0.125 ml, 0.0625 ml and 0.0312 ml. Three dishes of
each tested oil dose were used and considered as 3
replications. Twenty 2 instars were used for each
Petri dish/replicate. The Petri dish having larvae was
placed in a larger plastic container (8 cm in diameter,
0.33 ml volume) which was used for monitoring larval
movement. The lid was secured. Distilled water was
used as a control. Larval survival was observed for 24
hours under an Olympus SZX9 stereo-zoom
microscope. Monitoring continued until death.
Mortality was confirmed by examining any movement
in reaction to touch with soft forceps. Mortality data
were corrected based on control treatment. Probit
analysis was performed to estimate L.Cs0 and LCoo and
slopes.

Statistical Analyses

The data were analyzed with SAS software (Version
9.1.3; SAS Institute, 1990). The data for larval
mortality were corrected using Abbott’s formula
(Abbott, 1925) and probit analyses with Probit
MSChart (Chi, 2020). The means were compared with
the LSD test (SAS Institute, 2000). Furthermore, the
insecticidal activity of tested essential oils on the 2nd
instar medfly was evaluated using two-way data
analysis by GGE Biplot Sofware Version 8 (Yan, 2000).
The tested essential oils were accepted as genotypes
and different treatments were examined as the
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environment (Kang & Gauch, 1996; Yan et al., 2000).
When larval mortality was considered as environment,
GGE Biplot analysis was created to evaluate the
highest larval mortality based on the highest
insecticidal activities of the essential oils. Kaplan
Meier analysis was used to reveal the differences in
larval survival period between the essential oils. A life

distribution test was conducted to determine the
relationship between the survival of medfly larvae
with the time (hours). In addition, the Log-Rank test
was applied to evaluate the significance of the
differences between essential oils. Statistical analyses
were conducted with the SAS JMP (version 16.1; SAS
Institute, Cary, NC) statistical program.

Figure 2. Applying essential oils by micropipette to the artificial diet. A) Black cumin oil, and B) Lavender oil
Sekil 2. Esansiyel yaglarin mikropipet ile yapay diyvete uygulanmasi. A) Corek otu yag: ve B) Lavanta yagi

RESULTS and DISCUSSION
Chemical Characterization of the Tested Plant
Extracts

The components and chemical analyses of essential oils
are indicated in Table 1. The main constituents (more
than 1% of the total area) of the extract of geranium
were citronellol, neryl formate, iso-Menthone, linalool,
cis-rose oxide, geranyl formate, citronellyl butanoate,
geranyl butanoate, 2-phenylethyl tiglate, and geraniol.
The lavender extract was characterized by B-myrcene,
1,8-cineole, cis-ocimene, a-terpineol, camphor, borneol,
Lavandula, linalyl acetate, linalyl propionate, neryl
acetate, geranyl formate, linalyl propionate, neryl
acetate, geranyl acetate, caryophyllene, B-farnesene,
caryophyllene oxide, hexyl 2-methylbutanoate and a-
bisabolol. The extract of black cumin consisted of a-
pinene, sabinene, B-pinene, p-cymene, limonene, y -
terpinene, a-thujene, thymoquinone, and longifolene.
The major components of the laurel were sabinene,
myrcene, eucalyptol, y -terpinene, a-terpineol, 3-allyl-
6-methoxyphenol, a-terpinylacetate, B-element,
benzene, 1,2-dimethoxy-4-(2-propenyl), t-muurolol, 8-
eudesmol and squalene. Based on GC-MS analyses, the
most abundant components of essential oil were
citronellol (42.53+4.47) in P. graveolens (geranium),
linalyl propionate (26.09+4.44) in L. intermedia
(lavender), p-Cymene (52.13+0.879) in V. sativa (black
cumin), and eucalyptol (36.44+4.97) in L. nobilis
(laurel).
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Insecticidal activities of essential oils

The insecticidal activities of four essential oils on the
2nd ingtars of medfly were investigated. Mortalities of
the medfly larvae are shown in Table 2. The highest
insecticidal effects were reported after 24 h exposure
to 0.120 g/ml of laurel oil and 0.115 g/ml of black cumin
oil having 100% and 90% mortality respectively
(Figure 3, Table 2). Overall, the mortalities were
caused by black cumin oils at 78.30% (15.66+0.57
larvae) and 25% (5+1.00 larvae) at 0.057 g/ml and
0.029 g/ml doses on diet respectively. Because of the
limited amounts of geranium and lavender oils, four
doses were tested and the mortalities were caused by
100% at 0.887 g/ml geranium oil and 0.894 g/ml
lavender oil. The larval mortality was not observed in
the control trial.

The medfly larvae were shown in Figure 3 after being
exposed to essential oils at the highest dose. They were
immobile and brown (Figure 3A). There were no signs
of larval movement in response to touching by soft
forceps (Figure 3B) so mortality was verified as 100%.

The estimated lethal concentration (LCso and LCgo)
values obtained for essential oils were reported in
Table 3. As calculated by probit analysis, LCso values
were 0.313, 0.105, 0.038, and 0.070 g/ml for geranium,
lavender, black cumin, and laurel oils, respectively.
The highest insecticidal toxicity was observed for black
cumin oil (Table 3). LCo values revealed that medfly
larvae were more susceptible to black cumin and laurel
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oils (0.144 and 0.172 g/ml, respectively) than geranium (Table 3).
and lavender oils (0.635 and 0.511 g/ml, respectively)

Table 1. Chemical compositions of Pelargonium graveolens, Lavandula intermedia, Nigella sativa, and Laurus
nobilis oils and their relative proportions (% Area)

Cizelge 1. Pelargonium graveolens, Lavandula intermedia, Nigella sativa ve Laurus nobilis yaglarinin kimyasal
bilesimleri ve bunlara iliskin oranlari (% Alan)

Content (Mean+SE)b

No Compound RI= P graveolens L. intermedia N. sativa L. nobilis
(Geranium) (Lavander) (Black cumin) (Laurel)
1 Butanoic acid 761 - - - 0.02+0.00
2 Isopropyl Isobutyrate 788 - - - 0.03+0.00
3 1sopropyl 2-methyl 878 - - - 0.06+0.01
butyrate
4 a-Pinene 936 0.34+0.12 0.05+0.01 3.22+0.116 -
5 Camphene 944 0.07+0.01 - 0.10+0.01
6 Methyl heptenone 961 0.08+0.04 - - -
7 Sabinene 967 0.02+0.00 1.42+0.077 10.36+1.41
8 B-Pinene 974 - 0.06+0.01 3.12+0.074 -
9 Myrcene 986 - - - 1.66+0.23
10  B-Myrcene 988 0.13+0.04 1.19+0.20 0.14+0.029 -
11  a-Phellandrene 1000 - - 0.65+0.09
12 6-2-Carene 1002 - 0.04+0.01 - -
13  a-Terpinene 1012 - - 0.71+0.119 0.52+0.07
14  o-Cymene 1020 - - - 0.22+0.03
15 p-Cymene 1020 0.05+0.02 - 52.13+0.879 -
16  Eucalyptol 1024 - - 0.05+0.046 36.44+4.97
17  a-Limonene 1024 - 0.63+0.11 - -
18 Limonene 1024 0.11+0.03 - 2.10+0.047
19 1,8-Cineole 1026 - 3.63+0.62 - -
20  (E)- B-Ocimene 1030 - - 0.07+0.01
21 (Z)-B-Ocimene 1032 0.06+0.02 - -
22 cis-Ocimene 1032 - 1.08+0.18
23  Phenyl acetaldehyde 1051 0.08+0.04 - - -
24 vy -Terpinene 1052 - 0.05+0.01 2.49+0.777 1.02+0.14
25  trans Sabinene hydrate 1052 - 0.03+0.01 - 0.81+0.11
26  cis- Linalool oxide 1067 0.10+0.04 - - -
27  a-Terpinolene 1084 - - - 0.34+0.05
28  trans-Linalool oxide 1084 0.17+0.08 - - -
29  Linalool 1088 3.30+1.40 - 0.96+0.054
30 cis- Rose oxide 1106 1.45+1.10 - -
31 trans-Rose oxide 1122 0.63+0.50 - - -
32  a-Terpineol 1128 0.31+0.14 4.89+0.83 - 2.81+0.38
33  Camphor 1141 - 4.48+0.76 - -
34  neo-Isopulegol 1144 0.07+0.02 -
35  Menthone 1148 0.26+0.08
36  iso-Menthone 1149 6.50+1.53 -
37  Borneol 1165 - 6.48+1.10
38 Lavandula 1167 - 1.15+0.20
39  Unidentified 0.07+0.05 - -
40  Terpinen-4-ol 1174 - - 0.93+0.062
41  1so-Menthol 1184 0.20+0.08 - - -
42  3-Allyl-6- 1187 - - - 5.07+0.69
methoxyphenyl
43  B-Cyclocitral 1217 - - 0.20+0.061
44  Citronellol 1223 42.53+4.47 - -
45  Nerol 1225 - - 0.44+0.06
46  Linalyl Acetate 1231 - 19.46+3.31 -
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47  Carvone 1239 - 0.31+0.05 -
48  Geraniol 1247 8.15+3.02 0.11+0.02 - 0.22+0.03
49  a-Thujene 1248 - - 16.49+0.623 0.17+0.02
50 Thymoquinone 1248 - - 8.07+0.760 -
51  1-Phellandrene 1250 - 0.12+0.02 - -
52  Bornyl acetate 1257 - - 0.11+0.013 0.19+£0.03
53  a-Terpinylacetate 1262 - - 16.69+2.28
54  Geranial 1264 0.40+0.18 -
55  Neryl formate 1271 10.25+1.43 -
56  Thymol 1289 - 0.72+0.159
57  Geranyl formate 1298 1.59+0.89 - -
58  Benzaldehyde 1313 - 0.42+0.07
59  Z-Citral 1316 0.23+0.09 -
60  Linalyl propionate 1334 - 26.09+4.44
61  a-Cubebene 1345 0.08+0.04 0.12+0.02
62  Citronellyl acetate 1350 0.45+0.13 - -
63  a-Longipinene 1350 - - 0.17+0.014 -
64  Neryl acetate 1356 - 1.73+0.29 - 0.24+0.03
65  a-terpinyl acetate 1360 - 0.05+0.01 -
66  a-Copaene 1371 0.23+0.06 - 0.08+0.01
67  Geranyl acetate 1376 0.50+0.15 3.24+0.55 0.09+0.01
68  (E) -Cinnamyl acetate 1385 - - - 0.08+0.01
69 B-Elemene 1386 0.05+0.02 0.09+0.145 1.44+0.20
70  B-Bourbonene 1387 0.09+0.14 - - -
71  T-epi-Sesquithujene 1390 - 0.30+0.05 -
72 Benzene, 1,2- 1391 - - 1.50+0.18
dimethoxy-4-(2-
propenyl)
73  trans-Isoeugenol 1403 - - 0.08+0.01
74  Caryophyllene 1405 - 2.565+0.43 - 0.58+0.08
75  Longifolene 1407 - 1.03+0.106 -
76  trans-Caryophyllene 1408 0.97+0.19 - -
77  a-Gurjunene 1406 0.15+0.04 0.03+0.01 0.29+0.04
78  trans-a-Bergamotene 1408 - 0.45+0.06
79  B-Cedrene 1409 - 0.14+0.02 -
80 a-Cedrene 1410 0.14+0.04
81 a-Bergamotene 1411 - 0.23+£0.04 -
82  a-Guaiene 1434 - 0.12+0.02
83  Allo-aromadendrene 1436 - - 0.11+0.02
84  B-Farnesene 1440 - 1.95+0.33 -
85  Citronellyl propionate 1444 0.63+0.17 - -
86  a-Humulene 1449 0.31+0.06 0.14+0.02
87  Alloaromadendrene 1458 0.21+0.08 -
88  a-Muurolene 1475 - 0.17+0.02
89  Geranyl propanoate 1476 0.75+0.16 - -
90  Germacrene-D 1481 0.64+0.19 0.98+0.17 0.15+0.02
91  Bicyclogermacrene 1497 - - 0.79+0.11
92  a-Muurolene 1500 0.13+0.04 -
93 y-Cadinene 1510 0.14+0.15 0.28+0.04
94  endo-1-Bourbonanol 1515 - 0.43+0.06
95 6-Cadinene 1519 0.50+0.12 - 0.78+0.11
96  B-Sesquiphellandrene 1520 - 0.09+0.02 -
97  Citronellyl butanoate 1530 1.21+0.35 -
98  1.10-di-epi-Cubenol 1533 - 0.04+0.01 -
99  a-Elemol 1545 - - 0.22+0.03
100  Geranyl butanoate 1562 1.25+0.48 -
101  Spathulenol 1577 0.35+0.23 - -
102 Caryophyllene oxide 1579 - 1.2240.21 0.28+0.04
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103  2-Phenylethyl Tiglate 1584 1.92+0.43 - -
104  Viridiflorol 1589 0.91+0.37 0.04+0.01 0.63+0.05
105 Guaiol 1597 - 0.45+0.06
106 Hexyl 2- 1601 - 1.01+0.17 -

methylbutanoate

107 Ledol 1602 0.14+0.04
108 Humulene Oxide 1608 0.19+0.10
109 Cubenol 1618 0.24+0.12
110  Citronellyl valerate 1624 0.16+0.08 -
111  8-epi-y-eudesmol 1627 0.19+0.03
112  a-Cadinol 1635 0.32+0.20 - 0.61+0.08
113 a-Muurolol 1640 - 0.42+0.07 -
114  t-Muurolol 1641 - - 1.294+0.18
115 Agarospirol 1643 - 0.08+0.01
116 B-Eudesmol 1646 - - 1.09+0.15
117 Geranyl hexanoate 1650 - 0.07+0.01 -
118 a-Bisabolol oxide 1656 - 0.22+0.04
119 E-Citronellyl tiglate 1666 0.563+0.16 -
120 a-Bisabolol 1685 - 4.29+0.73 -
121  6-epi-Shyobunol 1685 - - 0.63+0.09
122  Junpier camphor 1686 - - 0.35+0.05
123 Farnesene 1688 - 0.03+£0.01 -
124  Geranyl tiglate 1696 1.44+0.60 -
125 Neryl butyrate 1783 0.15+0.08
126  Geranyl hexanoate 1795 0.20+0.17 -
127  Octadecane 1800 - 0.03+0.01
128 y-Cadinene 1803 - 0.24+0.04 -
129 Squalene 2764 - - - 2.73+0.37
130  Unidentified - 5.85+0.530 -

2 Retention index on a Restek Rxi-MS column relative to a homologous series of n- n-alkanes,

b Mean + SE, -, undetected

Table 2. Mortality rates (%) of medfly larvae exposed to essential oils at various doses in 24 h (N=20, Mean+SE)*
Cizelge 2. 24 saatte cesitli dozlarda ugucu yaglara maruz kalan Akdeniz meyve sinegi larvalarinin mortalite

oranlari (%) (N=20, Ortalama+SF)

Essential Oils

Mortality (%)

Amount of used oil (ml) 1 0.75 0.50 0.25 0.125 0.0625 0.0312
Geranium oil (g/ml) 0.887 0.665 0.443 0.222
% 100 81.65 88.33 21.65 * * *
Lavender oil (g/ml) 0.894 0.67 0.447 0.223
% 100 91.65 85 83.3 * * *
Black cumin oil (g/ml)  0.919 0.689 0.459 0.23 0.115 0.057 0.029
% 100 100 100 98.3 90 78.3 25
Laurel oil (g/m)) 0.96 0.72 0.48 0.24 0.12 0.06 0.03
% 100 100 100 100 100 35 3.3
Control (g/ml) 1 0.75 0.50 0.25 0.125 0.0625 0.0312
% 0 0 0 0 0 0 0

*Means followed by different letters within a column are statistically different (P<0.05) from each other

GGE Biplot analysis was performed to determine the
highest insecticidal activity of the essential oils. The
graphs showed that black cumin and laurel oils were
the most suitable or the highest insecticidal activities
(Figure 4). When they were compared to each other at
the lowest application dose, black cumin oil resulted in
higher larval mortality than laurel oil. Therefore,
black cumin oil has the highest insecticidal activity
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among the four tested essential oils (Figure 4).

Kaplan-Meier statistical analysis showed significant
differences in the duration of larval survival at doses
of 0.887 g/ml of geranium oil, 0.894 g/ml of lavender oil,
0.919 g/ml of black cumin oil, and 0.960 g/ml of laurel
oil (Log-Rank test, Chi-square=124.1443; df=3;
P<0.001). The average length of survival duration was
20.70+2.85 hours, 21.90+4.27 hours, 3.00+0.01 hours,
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and 3.00+0.01 hours for geranium, lavender, black cumin, and laurel oils respectively (Figure 5).

Figure 3. A view of medfly larvae after application of essential oil (A) and a close-up view of dead medfly larvae
(B). Red circles indicate medfly larvae
Sekil 3. Esansiyel yagin (A) uygulanmasindan sonra Akdeniz meyve sinegi larvalarinin goriiniimii ve 6lii Akdeniz

meyve sinegi larvalarinin (B) yakindan goriiniimii. Kirmizi daireler Akdeniz meyve sinegi larvalarini
gosterir

Table 3. Toxicity of the essential oils against to 2rd instars of medfly
Cizelge 3. Esansiyel yaglarin Akdeniz meyve sineginin 2.dénem larvalarina karsi toksisitesi

Essential Oils Slope Mean+SE)  LCso  LCo  Log (LCs0)  Fiducial Limits  Chi square (x2)
(g/ml)  (g/ml) (%95)

Geranium oil 0.232+0.482 0.313 0.635 -0.504 0.089-0.753 15.002

Lavender oil 0.224+0.473 0.105 0.511 -0.978 0.080-0.487 1.821

Black cumin oil 0.066+0.257 0.038 0.144 -1.419 0.017-0.080 29.73

Laurel oil 0.107+0.327 0.070 0.172 -1.151 0.015-0.304 267.41

[PGT = 76.6%, PC2 %16 2%, Sum = S2.5% R
Transtorm = 0, Scaling = 1, Centering £ 2, =1 T e

NOTD

PC1

Figure 4. The effects of four essential oils on the larval mortality of medfly based on GGE biplot
Sekil 4. GGE biplot'a dayali olarak dort ugucu yagin Akdeniz meyve sineginin larval mortalitesi tlizerindeki etkileri
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At the dose of 0.665 g/ml of geranium, 0.670 g/ml of
lavender, 0.689 g/ml of black cumin, and 0.720 g/ml of
laurel oils, there was a significant difference between
the survival durations (Log-Rank test, Chi-
square=179.6337; df=3; P<0.001). The average length
of survival duration was 57.45+6.53 hours, 45.66+7.27
hours, 3.00+0.01 hours, and 3.00£0.01 hours for
geranium, lavender, black cumin, and laurel oils
respectively (Figure 5).

At the dose of 0.443 g/ml of geranium, 0.447 g/ml of
lavender, 0.459 g/ml of black cumin, and 0.480 g/ml of
laurel oils, the differences between the survival
durations were significant (Log-Rank test, Chi-
square=240.3168; df=3; P<0.001). The average length
of survival duration was 34.10+2.94 hours,
109.66+12.10 hours, 3.00£0.01 hours, and 3.95+0.28
hours for geranium, lavender, black cumin, and laurel
oils respectively (Figure 5).

At the dose of 0.222 g/ml of geranium, 0.223 g/ml of
lavender, 0.230 g/ml of black cumin, and 0.240 g/ml of
laurel oils, the differences between the survival
durations were significant (Log-Rank test, Chi-
square=256.0147; df=3; P<0.001). The average length
of survival duration was 424.70+19.28 hours,
136.84+13.53 hours, 17.65+4.05 hours, and 6.20+0.66
hours for geranium, lavender, black cumin, and laurel

oils respectively (Figure 5).

In the tested doses of essential oils described above,
black cumin and laurel oils had higher insecticidal
activity and/or mortality in a shorter time than
geranium and lavender oils.

At the dose of 0.115 g/ml of black cumin and 0.120 g/ml
of laurel oils, the differences between the survival
durations were not significant (Log-Rank test, Chi-
square=0.04792; df=1; P>0.05). The average length of
survival duration was 67.65£16.05 hours and
30.10+2.72 hours for black cumin and laurel oils
respectively (Figure 5).

At the dose of 0.057 g/ml of black cumin and 0.060 g/ml
of laurel oils, the differences between the survival
durations were significant (Log-Rank test, Chi-
square=9.119407; df=1; P<0.05). The average length of
survival duration was 251.73+27.10 hours and
365.30+£30.76 hours for black cumin and laurel oils
respectively (Figure 5).

At the dose of 0.029 g/ml of black cumin and 0.030 g/ml
of laurel oils, the differences between the survival
durations were not significant (Log-Rank test, Chi-
square=3.334939; df=1; P>0.05). The average lengths
of survival duration were 296.49+21.06 hours and
23.65+0.49 hours for black cumin and laurel oils
respectively (Figure 5).

Cersming- 1272 g'ml
Laversies® L 221 gln)
Black verat’ 0230 g'ml
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Figure 5 Kaplan-Meier survival curves of medfly larvae on tested essential oils
Sekil 5. Test edilen ugucu yaglar tizerinde Akdeniz meyve sinegi larvalarinin Kaplan-Meier canlilik egrileri

The toxic effects of essential oils are likely due to the
presence of several toxic constituents. There are
several studies on plant essential oils and their
components tested against different pest insects

(Tayoub et al., 2012; Adil et al., 2015). Papachristos &
Stamopoulos (2002) investigated that laurel oil has a
repellent effect against, Acanthoscelides obtectus
(Coleoptera: Chrysomelidae) by reducing fertility and
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egg hatching and increasing larval mortality. Bouzi et
al. (2020) reported the chemical composition and
bioactivity of laurel oil against the larvae of Culiseta
longiareolata (Macquart) (Diptera: Culicidae). They
stated that the lethal effect of laurel oil decreased after
the first exposure, but its larvicidal activity continued.

In our study, black cumin and laurel oils had the
highest insecticidal activity at the lowest applied dose.
The toxicities of the components were different and
may depend on the stage evaluated. Additionally, we
dispensed the compounds in the larval diet so some
compounds possibly interacted with the artificial diet.
We did not explore if the extracts were toxic to other
biological stages or the chemical resistance
mechanisms. It has also been stated that plant
essential oils affect egg hatching rate and the sex ratio.
Aissaoui et al. (2022) studied the insecticidal activities
of laurel oil against the 3 and 4th instars of Culex
pipiens (Diptera: Culicidae). The toxicity of laurel oil
was tested at different concentrations ranging from 5
to 35 pl/l. The result of the study showed laurel oil
could be used as a biopesticide for vector insects.
Saleem et al. (2014) conducted studies to determine the
insecticidal activity of Datura  stramonium,
Fucalyptus camaldulensis, Moringa oleifera, and
Nigella sativa essential oils against 7ribolium
castaneum (Herbst.) (Coleoptera: Tenebrionidae),
Trogoderma granarium Everts (Coleoptera:
Dermestidae) and Cryptolestes ferrugineus
(Coleoptera: Laemophloeidae). Among investigated
essential oils, the highest (20.06%) fumigant effect
against Tribolium castaneum was black cumin oil
(Nigella sativa). Adil et al. (2015) reported the
insecticidal activities of black cumin (Nigella sativa) oil
on Tuta absoluta (Lepidoptera: Gelechiidae). After
being exposed to black cumin oil for 4 hours, 100%
larval mortality was recorded at the dose of
0.203pl/cm?. Raj et al. (2015) conducted a study on the
larvicidal activity of black cumin oil against Aedes
aegypti, Anopheles  stephensi, and Culex
quinquefasciatus (Diptera: Culicidae). As a result,
black cumin oil showed a high larvicidal activity in 24
hours and was reported as a natural larvicidal agents.
In conclusion, the insecticidal activity of the essential
oils against medfly larvae seems to be worth more
research for its use as a biopesticide in the control of
this pest. The insecticidal activity is caused by one or
more of the components of the essential oil
hydrodistilled from the tested plants. It could be due
to certain major or minor constituents or a synergistic
effect of several components (Adil et al., 2015). The
studies showed that especially monoterpenoids
affected insect mortality by inhibiting the acetyl-
cholinesterase enzyme activity (Houghton et al., 2006).
The essential oils of Pelargonium graveolens,
Lavandula officinalis, Nigella sativa, and Laurus
nobilis showed insecticidal activity against the medfly
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larvae. The potential use of essential oils could be
considered as an alternative control approach for the
medfly larvae with further studies. The development
of a device that enables the mixing of essential oils in
a food bait or a spray could provide a new approach to
medfly management. More studies are needed to
explain the role of essential oils on the larval mortality
of medflies.

CONCLUSION

In the study, different concentrations of essential oils
from Pelargonium graveolens, Lavandula intermedia,
Nigella sativa, and Laurus nobilis were applied
against 2nd instars of the medfly on an artificial diet.
Out of the tested essential oils, the laurel and black
cumin oils were more effective against medfly larvae,
and the highest mortality rate was observed in
addition to black cumin oil at the lowest concentration.
As a result, laurel and black cumin oils may have a
potential use for medfly management. Further studies
are needed to determine the effectiveness of essential
oils under field conditions.
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ABSTRACT

In recent years, fruit flies (Diptera: Drosophilidae and Tephritidae)
have become an increasingly severe problem in fruit production in
Turkey. Ceratitis capitata (Wied.), Rhagoletis cerasi (L.) (Diptera:
Tephritidae), Drosophila suzukii (Matsumura), and Zaprionus
indianus Gupta (Diptera: Drosophilidae) are the leading pests that
cause worms in fruits. Using adult trapping, the population dynamics
of these four pests were investigated in the orchards of Adana at
different altitudes in 2019 and 2020. Rhagoletis cerasi adults emerged
after the second week of May, and with the end of the harvest, the last
adult emergence was seen in the first week of July. Adult population
density was found at low levels. Drosophila suzukii adults appeared
at 113 m (Balcall) in April, and their emergence times were observed
to be a little later as the altitude increased. It was determined that
they continued their existence in nature until the end of December. It
has the highest populations in late June - mid-July and late October -
November. The occurrence of C. capitata and Z. indianus adults in
nature in both years was after cherry fruits were harvested. It has
been observed that different orchards appear in direct proportion as
the altitude increases (from 113 m to 1510 m), the earliest in a low
altitude place and the longer their duration in nature.

Entomology
Research Article
Article History

Received
Accepted

:14.06.2023
- 30.11.2023

Keywords
Rhagoletis cerasi
Ceratitis capitata
Drosophila suzukii
Zaprionus indianus
Population dynamics

Tirkiye’de Adana Ili Meyve Bahgelerinde Farkh Yiiksekliklerde Ceratitis capitata (Wied.), Rhagoletis
cerasi (L.) (Diptera: Tephritidae), Drosophila suzukii (Matsumura) ve Zaprionus indianus Gupta
(Diptera: Drosophilidae)’'un Ergin Popiilasyonlarinin Takibi

OZET

Son yillarda Meyve sinekleri (Diptera: Drosophilidae ve Tephritidae)
Turkiye'de meyve liretimini azaltan ciddi bir sorun haline gelmistir.
Ceratitis capitata (Wied.), Rhagoletis cerasi (L.) (Diptera:
Tephritidae), Drosophila suzukii Matsumura) ve Zaprionus indianus
Gupta (Diptera: Drosophilidae) meyvelerde kurtlanma yapan
zararlilarin baginda gelmektedir. Ergin tuzag: kullanarak, 2019 ve
2020 yillarinda Adana'min farklh rakimlarindaki meyve bahgelerinde
dort tirtn populasyon dinamikleri incelenmistir. Rhagoletis cerasi
erginleri mayisin ikinci haftasindan sonra ortaya ¢ikmig, hasatin
tamamlanmasiyla birlikte temmuz aymin ilk haftasi son ergin
cikiglar gortilmistir. Ergin popiilasyon yogunlugu diisiik seviyelerde
bulunmustur. Drosophila suzukii erginlerinin 113 m’de (Balcal1)
nisan ayinda c¢ikmaya basgladigi rakim yilikseldikce ortaya cikis
zamanlarimin biraz daha ge¢ oldugu belirlenmis ve aralik ayinin
sonuna kadar dogada varliklarini stirdirdikleri tespit edilmistir. En
yiiksek poptlasyonlarini haziran sonu- temmuz ay1 ortasinda ve ekim
sonu—kasim ayinda yapmistir. Ceratitis capitata ve Z. indianus
erginlerinin her iki yilda da dogada goriilme zamanlar1 kiraz
meyveleri hasat edildikten sonra da devam etmigtir. Farkli meyve
bahcelerinde, rakim yiikseldikce (113 m’den 1510 m’ye) dogru orantili
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olarak bu tiirlerin sirasiyla ortaya ¢iktiklari, disiik rakimli yerde en
erken c¢iktig1 ve dogada gorilme siresinin daha uzun oldugu

belirlenmigtir.
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INTRODUCTION become infested. Cherry growers face a challenge with

Fruit flies (Diptera: Drosophilidae and Tephritidae)
have become an increasingly severe problem for fruit
production. The Eastern Mediterranean Region of
Turkey has experienced a surge in cherry and fruit
infestations due to pests such as Ceratitis capitata
Wied., Rhagoletis cerasi L. (Diptera: Tephritidae),
Drosophila suzukii (Matsumura), and Zaprionus
indianus (Gupta) (Diptera: Drosophilidae). These pests
are the root cause of fruit worming. These pests lay
their eggs on ripening fruits, causing them to decay
and reducing the overall yield.

The Mediterranean Fruit Fly, C. capitata, is a
significant insect pest that attacks a variety of hosts in
subtropical and tropical regions around the globe,
making it economically important. It belongs to the
family Tephritidae and attacks a variety of hosts in
subtropical and tropical regions across the world. This
pest, which generally prefers ripe and thin-skinned
fruits, causes them to fall because it directly damages
the fruit during harvest. Bugday & Kececi (2020)
emphasized that it is crucial to follow the current
situation of the pest in the Central Anatolia and
Eastern Anatolia regions of our country together with
the climatic changes.

Drosophila suzukii fruit flies were first recorded on the
cherry of Yamanashi, Japan in 1916 (Kanzawa,1939).
The spotted wing drosophila (SWD), a member of the
Drosophilidae family, is widely known for its
destructive nature as it inflicts severe damage on small
fruit crops across the world (Walsh et al., 2011; Cini et
al., 2012; Santos, 2014; Asplen et al., 2015). This is
attributed to its high polyphagia (Dreves et al., 2009),
dispersion capacity (Walsh et al., 2011; Cini et al.,
2012), and rapid population growth (Tochen et al.,
2014). It was first recorded on strawberries in
Erzurum, Eastern Turkey in 2014 (Orhan et al., 2016).
Later, this problem was felt in Turkey's fruit industry,
causing significant economic harm to various types of
fruits (Catal et al., 2018; Ogiir et al., 2018; Kasap &
Ozdamar, 2019; Zengin & Karaca, 2019).

The R. cerasi, commonly known as the European
cherry fruit fly, is the most important pest of sweet
cherries in Europe and causes severe yearly damage.
Without the use of insecticide treatment, all fruits can
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R. cerasidue to the market's low tolerance for damaged
fruit (maximum 2% of infested fruits).

Z. indianusis a common pest that affects over 80 types
of fruit crops, such as figs, apples, and cherries (Yassin
& David, 2010). It is known to cause significant harm
to various kinds of fruit crops. It can cause severe
damage to many fruit crops. Gupta (1970) was the first
to collect and describe this species in India. Although
initially believed to have originated in tropical Africa
(Chassagnard & Kraaijveld, 1996), this fly has now
spread to numerous countries worldwide, including old
and new world nations (Commar et al., 2012). The
species Z. Indianus is known for being highly
successful at colonizing (Chassagnard & Tsacas, 1993).
According to Parkash & Yadav (1993), populations of
this species have habitat-generalist or general niche-
width characteristics, i.e., they utilize diverse food
resources and display adaptation to variable climatic
conditions. In 2017, Z. indianus was first reported on
fruits such as fig, Trabzon persimmon, mulberry,
blackberry, peach, cherry, and plum in Turkey's
Eastern Mediterranean region. (Catal et al., 2019).

Although the pest species is widespread, there is
limited knowledge about population trends at varying
altitudes. This research aimed to explore how altitude
affects the seasonal flight patterns of C. capitata, D.
suzukii, R. cerasi, and Z. indianus. Based on changing
climate conditions, the study also aimed to distinguish
any differences in adult emergence between nearby
locations at varying altitudes.

MATERIAL and METHODS

The study examined natural populations of four fruit
fly species, including C. capitata, R. cerasi, D. suzukii,
and Z indianus, in orchards where mid-season and
late cherry varieties are grown. In addition, population
monitoring of C. capitata, D. suzukii, and Z. indianus
at different altitudes was carried out.

To capture E. cerasi, yellow sticky traps measuring
13.5x22.5 cm with ammonia capsules (Trece-
Pherocon® AM No-Bait trap with Dual-Pak™
Supercharger™) were utilized. For D. suzukii and Z.
indianus, traps were baited with 50% apple cider
vinegar. Finally, a delta trap (KAPAR®AMS) was
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employed for capturing C. capitata.

Selection and Planning of Trial Locations

Research has been conducted on the orchards listed in
Table 1. To study the flight dynamics of adult

specimens, we utilized traps that are typical of their
species. The trial orchards' trees have consistently
yielded fruit for at least five years.

Table 1. Geographic locations, orchards, and hosts allocated for monitoring the flight activity of Ceratitis capitata,
Rhagoletis cerasi, Drosophila suzukii, and Zaprionus indianus adults in different locations Adana

between 2019 and 2020.

Cizelge 1. 2019-2020 yillar1 arasinda Adana'nin farkl lokasyonlarinda Ceratitis capitata, Rhagoletis cerasi,
Drosophila suzukii ve Zaprionus indianus erginlerinin ugus aktivitesinin izlendigi cografi konumlar,

meyve bahgeleri ve konukg¢ulari.

Location Orchards  Altitude Lat. (North) Long. (East) Treatment
Balcali 1 113m 37°01'44” 35°21°37” Grapefruit
Belemedik 1 700m 37°20°49” 34°54°38” Cherry
Alpu 1 1070m 37°28'34” 34°54°05” Cherry
Ascibekirli 1 1180m 37°36'56.5” 34°57'54.4” Apple
Hamidiye 1 1170m 37°34'01.5” 34°57'06.5” Apple

2 1300m 37°33'25.9” 34°57'32.0” Cherry

1 1300m 37°39'03.3” 34°54'32.9” Apple
Karakislaket 2 1430m 37°39'50.3" 34°54'03.7" Strawberry

Apricot
3 1510m 37°40°00” 34°53’46” Cherry
Flight Activity taking into account harvest times and general seasonal

To monitor the flight activity of C. capitata, R. cerasi,
D. suzukii, and Z. indianus adults, we placed traps at
the locations given in Table 1 for the 2019-2020 years.
The Rhagoletis cerasi population was monitored only
in Alpu and Belemedik. Traps were set in February for
D. suzukii and Z. indianus and in April for C. capitata
and R. cerasi before their adult flight started.

Yellow sticky traps with ammonia capsules and delta
traps were used to monitor the adult flight dynamics
for R. cerasi and C. capitata. For D. suzukii and Z.
Indians, traps were filled with apple cider vinegar and
were placed at a height of approximately 1.5 m on
cherry trees. To monitor adult fruit flies, two traps
were hung around the orchard and checked on a
weekly. The attractant was replaced weekly. The
identification of species was realized by the authors.

Climatic Data
The climatic data, which includes the mean daily
temperature and precipitation for the two

experimental areas, has been provided by the Turkish
State Meteorological Service. Mean daily temperatures
and rain for the two areas from February 2019 to
December 2020 (Figure 6).

RESULTS and DISCUSSION

Flight Activity

Populations of four types of fruit flies were evaluated
in two cherry orchards (Alpu and Belemedik) in the
Pozanti region (Adana) (Table 2; Figure 1, 2) according
to the coexistence period of fruit fly species in nature,
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activity. Also, the performance of fruit flies and
vinegar flies at different altitudes is illustrated in
Tables 3, and 4 and Figures 3, 4, and 5.

For adults to hatch from pupae of fruit flies
overwintering in the soil, the soil temperature must
reach to certain level. Because the cherry fly is a
heterodynamic insect species, it survives unfavorable
climatic conditions in diapause (Kansu, 2000). To
awaken from diapause, there must be long daylight
hours, warmth, soil wetness (humidity), and matching
plant phenology (Boller and Prokopy, 1976;
Anonymous, 2011). Multivoltine, tropical species such
as the Mediterranean fruit fly are homodynamic
species and become active at ambient temperatures
above their developmental threshold. As each insect
species has a different developmental threshold
temperature, developmental thresholds of the other
biological periods of each species may also differ. The
developmental threshold of the Mediterranean fruit fly
is 12.4°C, and it cannot overwinter outside the fruit
above 400 m and above 700 m when ambient conditions
fall below zero degrees. The fig vinegar fly, Z. indianus,
native to the tropics, is also a homodynamic species
and cannot survive in environments below zero
degrees Celsius. Winter forms of the adult cherry
vinegar fly, D. suzukii, can survive winters as low as -
35°C without going into diapause. Poikilothermal
insects can become active when the ambient
temperature rises above the growth threshold. With
this general information in mind, the performance of
fruit flies and vinegar flies at different altitudes is
illustrated in Tables 3 and 4.
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The first emergence of R. cerasi as an adult in both
years took place in the third week of May in Belemedik
(elevation 700 m) and Alpu (elevation 1070 m), with
the highest number of adult flies emerging in the first
week of June, and the final emergence of adults taking
place in late June (Table 2; Figure 1, 2). No adults of
R. cerasi, the primary pest of cherry, were found in
traps after harvest. Rhagoletis cerasi, which produces
one offspring per year, was found to be compatible with
cherry phenology as well as duration of illumination,
temperature, and wetness (humidity), beginning to
appear when fruit entered the yellow ripening period
and going into diapause after the harvest period (Table
2). In addition, adult population densities were low in
both years. The cherry fruit fly usually pupates in the

soil, occupying the area corresponding to the canopy
projection of the cherry tree. Depending on soil
moisture and ambient temperature in the spring,
adults fly to the nearest tree. Since the adult cherry
fruit flies are not very mobile, they usually feed on the
nectar-containing substances that form in the fresh
shoots of the tree on which the ripening food is
growing. After mating, they first lay eggs on the fruit
of the tree they are on, and when they are forced to do
so, they go to the nearest trees and lay eggs on the fruit
there. It has been reported that the movement of the
cherry fruit fly over long distances is exceedingly small
and that these movements are associated with
activities such as oviposition, mating, and feeding
(Katsoyannos et al., 1986; Wiesmann, 1933).

Table 2. First, maximum, and last capture, and harvest dates and duration of capture of adults at Pozant1 (Alpu
and Belemedik) in 2019 and 2020 (RC: Rhagoletis cerasi, CC: Ceratitis capitata, DS: Drosophila suzukii

and ZI: Zaprionus indianus).

Cizelge 2. Pozant1'da (Alpu ve Belemedik) 2019 ve 2020 yillarinda ergin bireylerin ilk, maksimum, son yakalanma
ve hasat tarihleri ile dogada gériilme siireleri (RC: Rhagoletis cerasi, CC: Ceratitis capitata, DS:

Drosophila suzukii ve ZI: Zaprionus indianus).

Belemedik (703m) Alpu (1077m)
Year/2019 RC CC DS VAl RC CC DS YAl
First capture 22 May 12 June 22 May 12 Sept. 21 May 5 July 7 June 23 Sept.

. 22 May Adiug, - Tdiely 23 Oct. 05 June 10 July

Maximum capture 05 June 11 Sept. 30 Oct. 13 Nov. 12 June 31 July 06 Noy, 1one
16 Oct. 27 Nov.

Last capture 26 June 5 Dec. 25 Dec. 27 Nov. 5 July 16 Nov. 25 Dec. 27 Nov.

Harvest dates 17 June-26 June 10 June-05 July

Duration of capture (d) 37 178 219 78 47 105 203 68

Year/2020 RC CC DS zZi RC CC DS YAl

First capture 19 May 7 July 7 Apr. 2 June 12 May 14 July 26 May 1 Sep.

. 19 Aug. 14 Jul 06 Oct. 18 Aug. 29 Sep.
Maximum capture 9 June 29 Sepg. 10 Nog. 17 Nov. 19 May 20 OCE 30 June 20 OcIt).
Last capture 30 June 10 Nov. 22 Dec. 29 Dec. 30 June 27 Oct. 10 Nov. 10 Nov.
Harvest dates 16 June - 30 June 23 June - 30 June
Duration of capture (d) 43 127 260 211 50 106 169 71

In recent years, the first adults of the Mediterranean
fruit fly, a pest of stone and pome fruits, especially
cherries, were caught in the cool climate zone in
pheromone and pole traps in Belemedik on 12 June
2019, when the cherry harvest began in the region. The
pest survived in the wild until the first week of
December. In the first year, the density of the adult
population of C. capitata reached its highest values on
28 Agust, 11 September, and 16 October (Figure 2a).
In the second year, the first adults were trapped three
weeks after the cherry harvest, and the pest remained
in the wild between the first week of July and the first
week of November. The highest number of adults
between these dates was observed on 19 Agust and 29
September (Figure 2b). In Alpu, the pest was trapped
the first year after the cherry harvest in the first week
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of July, reaching its highest adult population on 31
July, and not trapped after 16 October (Figure 1a). The
pest was trapped during the second week of July in the
second year and was present in the wild until late
October. The adult population of C. capitata reached
high levels twice, on 18 Agust and 20 September 2020
(Figure 1b). In the other altitudinal regions where the
experiment was conducted, C. capitata was detected on
15 May and 2 June in Saricam-Balcali (altitude 113 m),
10 July and 28 July in Pozanti-Hamidiye (1170 m), on
7 and 4 August in Pozanti-Ascibekirli (1180 m), on 4
and 22 September in Pozanti-Karakislake: (1300 m),
caught in traps in 2019 and 2020, respectively. On the
other hand, the pest did not get caught in the traps in
Pozanti-Hamidiye (1300 m), Pozanti-Karakislake:
(1430 m), and Pozanti-Karakiglakci (1510 m) (Table 3,
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4; Figure 3). During this study, the duration of the
appearance of adults in traps was recorded as 178 and
127 days in Belemedik, and 105 and 106 days in Alpu
in the first and second years, respectively. Regarding
the other altitudinal regions, the pest lasted 215-197
days in Balcali, 99-85 days in Ascibekirli, 127-92 days
in Hamidiye (1170 m), and 71-36 days in Karakislakic1
(1300 m) (Tables 3 and 4).

Many studies show that C. capitata, whose
distribution and abundance in temperate regions are
determined by the lowest winter and highest summer
temperatures, exhibits seasonal variations in different
parts of the world (Escudero-Colomar et al., 2008).
Accordingly, C. capitata, abundant in spring and
summer, may not be detected in winter (Mansour &
Mohamad, 2016). Also, it was reported that with
increasing elevation, both the duration of appearance
of C. capitata adults in the wild shortened and the
number of adults was lower than at sites with lower
elevation. This is thought to be related to the optimal
temperature required for the species to develop.
Although the optimal temperature for its development
is 26°C, survival is high between 15 and 30°C. Duyck
& Quilici (2002) reported that the development of the
Mediterranean fruit fly showed a linear relationship
with temperature, while Escudero-Colomar et al.,
(2008) said that the lowest temperature threshold
required for its development varied according to
developmental stages and that these thresholds were
generally between 9 and 11 °C. Ceratitis capitata
cannot continue its development at temperatures
below 5 °C, and absolute death occurs at temperatures
below zero (Ulusoy et al., 2022).

Adult specimens of the cherry vinegar fly D. suzukii,
which has invaded our country recently, were detected
in traps in Belemedik in the third week of May in the
first year and in the first week of April in the second
year. The pest could be trapped in both years until the
last week of December. The highest population density
of the pest in the cherry orchard was observed three
times in the first week of July and the last week of
October and November in the first year, and similarly
in early July and late November in the second year
(Table 2; Figure 2). In the Alpu cherry orchard, the D.
suzukii was detected in the traps during the first week
of June, when the fruit was ripe and about to be
harvested. In contrast, in the second year, it was
detected during the last week of June, towards the end
of the fruit harvest. The pest remained in the wild from
the first detection date wuntil the last week of
December. The highest adult population was detected
in July and early November in the first year and not
until late June in the second year (Table 2; Figure 1).
In other altitudinal regions, the first capture of the
pest in traps occurred on 03 and 07 April in Balcal1 in
2019 and 2020, respectively, and the duration of
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appearance in the wild was determined to be 211 and
218 days (Table 3 and 4). It was detected in Ascibekirli
on 21 June 2020, and in general, the first captures in
traps were in July, and the last in September and
October (Table 3 and 4; Figure 4). In studies
monitoring the population movements of D. suzukil,
researchers reported that after capturing a few
specimens in early spring, no adults were found until
June, and the population increased in late summer.
They reported that their population reached higher
peaks in October and November, while their numbers
declined dramatically in winter, though a few adults
were still captured (Mazzetto et al., 2015). According
to Briem et al. (2018), the number of adult D. suzukii
in the summer decreased because temperatures rose
above 30°C. They found that the density of flies in the
traps increased in September when the temperature
started to drop.

Another vinegar fly, Z indianus, was detected in
Belemedik during the second week of September in the
first year, and adults were caught in traps until late
November. In the second year, adults were detected in
traps in early June, and the pest was active in the wild
until the last weeks of December. The highest adult
population was observed in the third week of October
and the second week of November in the first year, and
in the first week of October and the third week of
November in the second year (Figure 2). In the Alpu
cherry orchard, the pest was detected in the last week
of September in the first year, and in the first week of
September in the second year. In both years, the pest
was caught in traps from its first emergence until mid-
November. The highest populations of adults were
observed in the second week of October and November
in the first year, the last week of September, in the
third week of October in the second year (Table 2;
Figure 1). In respect of other regions, the pest first
appeared in September and later, as was the case in
Belemedik and Alpu, with the last capture of adults
seen 1in the traps in October and November, and the
shortest adult time in nature was 8 days in 2019 and
the longest was 106 days in Balcali (Table 3 and 4;
Figure 5). In contrast to other species, Z. indianus was
observed to remain for shorter periods in the wild.
Araripe et al., (2004) reported that Z indianus is a
tropical species and is not likely to colonize in cold
temperate areas due to its low cold tolerance, just like
other species.

CONCLUSION

The results of this study show that K. cerasi adults
appear after the second week of May when fruits start
to ripen and that the last adults emerge after the
harvest is complete. In both years, adults were caught
in the traps, consistent with cherry phenology, and
adult population densities were low.
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Figure 3. Flight activity of Ceratitis capitatain 2019 (a) and 2020 (b) at different altitudes.
Sekil 3. Ceratitis capitata ‘nin 2019 (a) ve 2020 (b) y1llarinda farkl yiiksekliklerdeki ucus aktivitesi.
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Figure 4. Flight activity of Drosophila suzukiiin 2019 (a) and 2020 (b) at different altitudes.
Sekil 4. Drosophila suzukii ‘nin 2019 (a) ve 2020 (b) y1illarinda farkl yiiksekliklerdeki ugus aktivitesi.
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Figure 5. Flight activity of Zaprionus indianusin 2019 (a) and 2020 (b) at different altitudes.
Sekil 5. Zaprionus indianus ‘un 2019 (a) ve 2020 (b) yillarinda farkl yiiksekliklerdeki ugus aktivitesi.

— D (") . AT

Arsrage temp (CY)

Average temp.(CY

w @
Folative tramidty %)

00

0.0

PEELEPPPLS SISIIESIIIIIS I LS SIS, 7
0

P gt U e g O i gt e oo

Figure 6. Adana-Pozant1 dlstrlct average temperature (°C) and relatlve humldlty (%) Values for March - December
2019 (a) — 2020 (b).

Sekil 6. 2019 (a) — 2020 (b) y1llarinda Adana-Pozanti ilgesi Mart — Aralik aylar: ortalama sicaklik (°C) ve bagil nem
(%) degerleri.

877



KSU Tarim ve Doga Derg 27 (4), 868-880, 2024
KSU J. Agric Nat 27 (4), 868-880, 2024

Arastirma Makalesi
Research Article

Although there was an elevation difference of 300 m
between the two regions, there was no difference in the
first emergence of adults and the duration of their
appearance in nature. The reason for this was the
topographic structure of the region. Namely,
Belemedik is located in a valley between two
mountains overshadowed by the mountains, while
Alpu, although it is higher, is open on all sides and has
more than 12 hours of sunshine in the summer
months. We believe that these topographical features
directly impact the time of emergence of the cherry
fruit fly from its wintering grounds, the flight, and the
duration of its stay in the wild, in light of similar
results obtained despite the difference in altitude of
300 m.

Drosophila suzukiiflies began hatching in April at 703
m elevation (Belemedik); at 1077 m elevation (Alpu),
the timing of hatching was slightly later due to
increasing height, and they were found to survive in
the wild until late December. The highest population
concentrations were observed in late June to mid-July
and late October to November.

Zaprionus indianus appeared in late August and early
September, was observed in the wild until late
November, and was detected once in traps in late
December. The highest population was observed in
mid-October. Only in Belemedik were adults seen once
in June in the second year, detected again a month
later, and appearances lasted until December.
Zaprionus indianus adults were observed in nature
following cherry fruit harvest in both years.

Vinegar flies feed mainly on spilled, damaged,
decaying fruits and vegetables (Kaneshiro, 2006;
0'Grady, 2009). They also survive on other thin-
skinned fruits (plums, apples, pears) and fruit-bearing
plants such as hawthorn, blackthorn, rose, nightshade,
etc., in and around gardens. In gardens with all types
of fruits, it 1s possible to come across adults all year
round if climatic conditions allow. Of these species, D.
suzukii also damages ripening, intact fruit using its
sawtooth-like ovipositor. Zaprionus indianus, on the
other hand, is known as a fig pest and lays its eggs in
figs primarily in natural openings where the blowfly
makes an entrance and on the ruptured fruit skin of
fully ripe figs. These pests are spotted in gardens
during harvest time of ripening fruit. Aromatic odors
emanating from fruits attract these pests. While there
is more damage in orchards having a delayed harvest,
their population decreases significantly in gardens
harvested on time. For this reason, they are known as
sap-sucking insects feeding on fruit that falls to the
ground or is left on the tree. We concluded that the
irregularity of the populations of both pests was
because the orchards were mixed and the harvesting
seasons were different. The abiotic factors affecting
this situation include the daily variations in daytime
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and nighttime temperatures between April and June

and between September and December, sudden
rainfall, and the rapidly decreasing ambient
temperature.

Ceratitis capitata adults were observed in nature
following cherry fruit harvest in both years. The adults
of this species were observed in Alpu and Belemedik
from July to December. There was also an increase in
their population between the end of July and October.
In both years, they were observed to appear in direct
proportion to increasing altitude (from 703 m to 1077
m), appeared earliest at lower altitudes, and the
duration of sightings in the wild was longer. Most adult
C. capitata were found in July-August and October-
November.

The adults of the Mediterranean fruit fly are brought
to the cool climate regions by the commercial transport
of fruits such as oranges, tangerines, peaches,
nectarines, and apricots grown in the subtropical
region. Study region, the pest emerged after the cherry
harvest, causing no damage to cherries. However, in
the first week of July, the pest was detected in fruits
such as sour cherry, apple, pear, and quince grown in
cool climate regions. It is assumed that the ambient
temperature between May and November is suitable
for the larvae of the Mediterranean fruit fly
transported to the area with contaminated fruit to
enter the pupal stage and for the adults hatching from
the pupae to perform their biological activities. That
altitude does not play an important role. Kansu, (2000)
indicated in one of the sketches for the Mediterranean
fruit fly that it could theoretically produce three
offspring in Ankara during the summer months.

In conclusion, the results of this present study,
intended to monitor the population of R. cerasi, C.
capitata, D. suzukii and Z. Indianus in different
orchards at different altitudes, will serve as primary
data for future studies and researchers and help with
pest management in cherry-cultivation areas.
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OZET Entomoloji

Aelia rostrata (Fabricius, 1803) (Heteroptera: Pentatomidae) delici emici

agiz tipine sahip oldugu i¢in bitki 6zsuyu ile beslenmektedir. Aelia Aragtirma Makalesi
rostrata, basta bugday olmak lizere yabani Gramineae tlrleriyle de

beslenerek zarar yapmaktadir. Bugday pis bécegi (Kimil) olarak da Makale Tarihgesi

bilinen zararh 6nemli hale gelmigtir. Bu calismada, 2014 yilinin Agustos- Gelig Tarithi  :08.11.2023
Ekim aylarinda Ankara ili, Bala ilgesi ve civarindaki cesitli tarimsal ve Kabul Tarihi :21.01.2024
yabani bitki alanlarindan A. rostrata 6rnekleri toplanmistir. Ardindan

151k mikroskobu ve taramali elektron mikroskobu (SEM) kullanilarak Anahtar Kelimeler
bicegin sindirim kanalinin yapisi incelenmistir. A. rostratanin sindirim Aelia rostrata

kanalinin tg¢ farklh bélgeden olustugunu gostermistir: 6n bagirsak, orta Bagirsak

bagirsak ve arka bagirsak. On bagirsak tikirik bezleri, yutak, yemek
borusu ve 6n bagirsaktan olusmaktadir. Orta bagirsakta 6én, medyan
(orta bagirsagin kanal yapis1), arka orta bagirsak (orta bagirsagin ampul
yap1s1). bulunmaktadir. Arka bagirsak, ileum ve rektumdan olusmak
tadir. Ileum'a bagh olarak Malpighi tiipleri ve gastrik ¢cekumlar vardir.
On bagirsakta tikirik bezleri ve mide silindirik epitelden, yardime:
tukuruk bezi ve orta bagirsak kanal kiibik epitelden, proventrikulus ise
yalanci ¢ok tabakali epitelden meydana gelmektedir. Orta bagirsakta;
orta bagirsak kanali kiibik epitelden, bulb yassi1 epitelden olugsmaktadir.
Arka bagirsakta ileum silindirik epitelden, rektum kiibik silindirik
epitelden olugsmaktadir. Aragtirma béceklerin sindirim kanali1 yapisi ile
ilgili galismalarda bilim diinyasina katkida bulunacaktir.

Malpighi tiipleri
Isik mikroskobu

Taramal elektron mikroskobu

Ultrastructure of Digestive Canal of Aelia rostrata (Heteroptera: Pentatomidae)

ABSTRACT Entomology
Aelia rostrata (Fabricius, 1803) (Heteroptera: Pentatomidae) has a )
piercing mouthpiece type that is supplied with a plant sap-absorbing nose Research Article
type. Aelia rostrata mainly consumes wheat but also nourishes wild Article Hi
Gramineae species, making it an important pest known as the wheat R tlc.e dlstory‘ 08.11.2023
stink bug. In this study, A. rostrata samples were collected in August- Aecelve d ) 21'01'2024
October 2014 from various fields of agricultural and wild plants in and ccepte A
around the Bala district of Ankara province. Then the structure of the
. S . ; ; . . Keywords
insect digestive canal was investigated using a light microscope and -
i : Aelia rostrata
scanning electron microscope (SEM). The results showed that the Midgut
digestive canal of A. rostrata consists of three distinct regions: foregut, Malpighian tubules

midgut, and hindgut. The foregut consists of the salivary glands,
pharynx, esophagus, and proventriculus. The midgut has an anterior,
median (canal structure of the midgut), and posterior midgut (bulb
structure of the midgut). Hindgut has the ileum and rectum. There are
Malpighian and gastric caeca depending on the ileum. In the foregut,
salivary glands and stomach are composed of cylindrical epithelium, have
cylindrical epithelium while the accessory salivary gland and the midgut
canal are formed from cuboidal epithelium and also the proventriculus is
made from pseudo-stratified epithelium. In the midgut, the cylindrical
channel of the midgut causes the cubic epithelium, while the "bulb"
causes squamous epithelium. In the hindgut, the ileum occurs as
cylindrical epitheliums, and the rectum consists of cubic-cylindrical
epithelium. This study will contribute greatly to the scientific world of
studies on the digestive tract structure of insects.-

Light microscope
Scanning electron microscope
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INTRODUCTION particles are ground (Chapman, 1998). The midgut is

Pentatomidae is one of the largest families of the
Heteroptera suborder, while Heteroptera itself is the
largest group of the Exopterygota division of the
Pterygota subclass. About 4700 species of the
Pentatomidae family are known around the world,
grouped into about 900 genera (Rider, 2006).
Approximately 170 species belonging to 57 genera from
this family are known in Turkey up to date (Rider,
2006; Onder et al., 2006; Fent and Aktag, 2007; Fent et
al., 2010 a,b). Most of the species belonging to this
family are phytophagous and have a wide host
distribution (Rider, 2006).

Aelia rostrata (Fabricius, 1803), popularly known as
Kimil in Turkish and wheat stink bug in English, is a
species belonging to the Pentatomidae family of the
Heteroptera order and causes considerable yield loss.
The stink bug is known as the most harmful insect
species in wheat fields in Turkey (Lodos, 1982). As a
phytophagous species that acquires nutrients by
absorbing plant sap, it fed primarily on wheat, and
other cultivated and wild Gramineae species: oak,
even, hedgehog, pine, bear ears, etc. They feed, mate,
and lay eggs while living mostly under the leaves. The
offspring that emerge from the egg become a new
generation of adult insects, and they retreat to the
surrounding mountains and forest after the wheat
harvest in Turkey (Lodos and Onder, 1986).

The insect digestive system usually has a tube that
continues from the mouth to the anus. It is mainly
divided into three regions: foregut, midgut, and
hindgut (Hood, 1937; Wigglesworth, 1977; Chapman,
1985; Dow, 1986; Gullan and Cranston, 2005; Borges
et al.,2015). The foregut (stomodeum), which is of
ectodermal origin, usually; consists of the pharynx,
esophagus, crop, and proventriculus. Foregut cells are
usually flat. These cells are undifferentiated because
they do not secrete or absorb. However, the cuticle
layer is located in different regions. It usually consists
of only the endocuticle and epicuticle. This structure
varies from species to species and in different regions
of the foregut (Chapman, 1988). The pharynx provides
the intake and backward passage of food. The
esophagus is usually tubular and provides a connection
between the pharynx and the crop. This structure has
been described mostly in hemimetabolous insects.
Nutrients are stored in the crop. Annular and
longitudinal muscles are very well developed in the
proventriculus. On the inner side of the proventriculus,
the spines, teeth, and many projections of various
shapes of the intima are rubbing against each other
under the action of the muscles. With this friction, food
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of endodermal origin and is generally not
compartmentalized. Digestion usually occurs here.
Cells in the midgut are actively involved in the
absorption of nutrients as well as enzyme production
and secretion (Chapman, 1988). The hindgut
(proctodeum), like the foregut, is of ectodermal origin.
Removal of waste materials, water, and salt absorption
occurs here. It consists of 3 parts: the ileum, colon, and
rectum. The anterior part of the hindgut consists of the
ileum, the narrow middle part of the colon, and the
wider posterior part of the rectum. In many terrestrial
insects, the rectum is the only intestinal site where
water and solutions in feces are absorbed, but in some
insects, the ileum also provides osmoregulation.
Malpighi tubes, responsible for excretion, are located
at the junction of the midgut and hindgut. It removes
nitrogenous waste (especially ammonium ions) from
the hemolymph (Chapman, 1988).

To date, the structure of the digestive system of some
species belonging to the Heteroptera order has been
examined and the structures of the digestive system
have been revealed (Cetin, 2014; Metin, 2014;
Amutkan et al., 2015; Demirkol, 2016; Candan et al.,
2020). Similarly, knowing the structure of the
digestive system in detail in Aelia rostrata, whose
digestive system has not been studied before, and
which i1s an economically important agricultural pest
in our country, will shed light on the development of
control methods, as well as will be beneficial for
systematic and taxonomic studies. In this study, the
digestive system of Aelia rostrata was examined in
detail using light microscopy and scanning electron
microscopy.

MATERIALS and METHODS

Adult females and males of Aelia rostrata
(Heteroptera: Pentatomidae) were collected in the Bala
district of Ankara province in August-October 2014.
The samples brought to the Gazi University laboratory
were preserved in jars containing food plants and
moistened cotton.

Preparation of Samples for a Light Microscope (LM)

Live adult Aelia rostrata specimens were kept in ethyl
acetate vapor in glass containers. The digestive tract
of Aelia rostrata was dissected under a
stereomicroscope in a 70% alcohol medium. The
general structure of the removed digestive system was
detected in Bouin fixative fluid after being
photographed with a stereo-microscope. The detected
samples were washed with 70% ethyl alcohol and the



KSU Tarim ve Doga Derg 27 (4), 881-891, 2024
KSU J. Agric Nat 27 (4), 881-891, 2024

Aragtirma Makalesi
Research Article

digestive system was transferred into paraffin blocks,
which were the embedding medium, after dehydration
with rising ethyl alcohol series. Sections of
approximately 5—7 mm thick were taken from paraffin
blocks using a microtome. Sections were stained with
Hemotoxylene-Eosin and Mallory 3 staining, closed
with Stellan and turned into a permanent prepare.
Sections of the parts of the digestive system were
examined under an Olympus BX51 light microscope at
4X, 10X, 20X, 40X, and 100X (with immersion oil)
magnifications. Photographs were taken after the
examination.

Preparation of Samples for Scanning Electron
Microscope (SEM)

Samples for scanning electron microscopy were
prepared with (0.1-M; pH: 7.2) phosphate buffer with
pH: 7.2, fixed in 2.5% Glutaraldehyde for at least 1 day;
and washed with phosphate buffer (pH: 7.2) by making
two 15-minute changes. Then, it was passed through
70%, 80%, 96%, 100%, and 100% alcohol series for 15
min each. The samples, which were kept in amyl
acetate 2 times for 15 min, were dried at the critical

point, then they were broken in their entirety or from
various parts and attached to the staples with double-
sided adhesive tapes. The digestive tracts covered with
gold in the Polaron SC 502 coating device were
examined in the JEOL JSM 6060 brand scanning
electron microscope (SEM) at 5-10 kV and their
photographs were taken.

RESEARCH FINDINGS

Gross Morphology of the Alimentary Canal

The digestive system of Aelia rostrata is divided into
three parts: foregut, midgut, and hindgut (Figure 1).
The alimentary canal is long, muscular, and tubular in
structure and extends from the mouth to the anus. The
foregut consists of the salivary gland, accessory
salivary gland, pharynx, esophagus, and
proventriculus. Since the pharynx and esophagus
parts are not separated from the hard chitin part of the
head, they are not examined in this study. The midgut
has an anterior, median (canal structure of the
midgut), and posterior midgut (bulb structure of the
midgut). Hindgut has the ileum and rectum (Figurel).

Figure 1. The general view of the alimentary canal of Aelia rostrata — Stereomicroscope
Sekil 1. Aelia rostrata sindirim kanalinin genel gortintigti-Stereomikroskop

Foregut

The foregut is of ectoderm origin. It begins with the
salivary glands opening into the oral cavity. Aelia
rostrata contains a pair of salivary glands attached to
the foregut. Each salivary gland also consists of two
parts, posterior and anterior regions (Figure 2a — 2c).
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Thinning was observed in the region where the
posterior part connects with the anterior part (Figure
2a). In SEM images, the folds on the surface of the
posterior part connecting to the foregut are less than
those on the anterior part (Figure 2b). The outer
surface of the anterior part of the salivary glands has
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the appearance of corn grains (Figure 2c, 2d). The
nuclei of the cells are close to the lumen of the cell
(Figure 2d). Light and SEM images of the salivary
gland showed that the lumen is filled with saliva
(Figure 2d, 2e). Each salivary gland also consists of two
parts, posterior and anterior (Figure 2a - 2d). The
salivary gland is surrounded by a thin monolayer
epithelium from the outside in both regions and
consists of cubic cells.

SO 7

Aelia rostrata has an accessory salivary gland
attached to each of the two salivary glands attached to
the foregut. In the SEM images, it is seen that the
accessory salivary gland makes “S”’-shaped folds. In
the light microscope images, it was observed that the
accessory salivary gland consists of a single-layered
cuboidal epithelium, and the part facing the lumen is
lined with the cuticle layer (Figure 2g, 2h).

BUEEF

Figure 2. (a) Connecting part of the anterior and posterior region of the salivary gland and trachea (SEM). (b)
Posterior region of salivary gland (SEM). (c) Anterior region of the salivary gland (SEM). (d)
Longitudinal section view of the salivary gland (LM) (X400). (e,f) Cross-section of the inner surface of
the salivary gland (SEM). (g) General view of accessory salivary gland (SEM). (h) Sectional view of the
duct of the accessory salivary gland (SEM). Al, anterior lobe; Lu, lumen; Nu, nucleus; P1, posterior lobe;

T, trachea.

Sekil 2. a) Tiikiiriik bezinin ve trakenin én ve arka béolgesinin birlesen kismi (SEM). (b) Tiikiiriik bezinin arka
bolgesi (SEM). (c) Tiikiiriik bezinin én bélgesi (SEM). (d) Tiikiiriik bezinin (LM) boyuna kesit gériiniimii
(X400). (e,f) Tiikiiriik bezinin i¢ yiizeyinin kesiti (SEM). (g) Aksesuar tiikiiriik bezinin (SEM) genel
goriiniimii. (h) Aksesuar tiikiiriik bezi kanalinin kesit goriiniimii (SEM). Al én lob; Lu, limen;, Nu,

cekirdek; PIl, arka lob; T, soluk borusu.
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Proventriculus and Stomach (Ventriculus)

The proventriculus and the stomach, which is the
anterior part of the midgut, are parts of the digestive
system that help break down food (Figure 3a). Both
these regions are externally equipped with a dense
tracheal network and longitudinal muscles (Figure 3b).
This image shows that the junctions of the monolayer
cells are in the pit and the central parts are elevated
apically (Figure 3c). The apical membranes of the cells
of the single-layered cylindrical epithelial layer are

abundant with microvilli, and the basal parts are
indented inward. The apical parts of the cells
protruded into the lumen. SEM images show that the
cells are filled with secretory granules (Figure 3d). The
proventriculus and stomach are not completely
separated from each other, and the stomach forms the
larger part of this structure (Figure 3a). The
indentation of the inner surface of the stomach can be
seen in SEM images and cross-sections (Figure 3e).

Figure 3. (a) General view of the proventriculus and anterior midgut (SEM). (b) muscle layer on the outer surface
of the proventriculus and stomach (SEM). (c) Proventriculus and protrusions on the apical surface of the
stomach (SEM). (d) proventriculus and secretory granules in the stomach (SEM). (e) Proventriculus and
cells in the stomach and lumen. Am, anterior midgut; L, lumen; Ml, muscle layer; Nu, nucleus; Pv,
proventriculus, S, stomach; Scg, secretory granules.

Sekil 3. (a) Proventrikulus ve én orta bagirsagin genel goriiniimii (SEM). (b) Proventrikulus ve midenin dis
yiizeyindeki kas tabakas: SEM). (c) Midenin apikal yiizeyindeki Proventrikiil ve ¢ikintilar (SEM). (d)
Midedeki proventrikulus ve salg1 graniilleri (SEM). (e) Proventrikiil, mide ve liimendeki hiicreler. Am, én
orta bagirsak; L, liimen; MI, kas tabakasi’ Nu, ¢ekirdek; Pv, proventrikulus, S, mides Scg, salg1 grantilleri.

Midgut

The midgut canal (median midgut) is a long tube with
one end connected to the stomach and the other to the
bulb (Figure 4a-4c). Digestion occurs in this channel.
The surface of the midgut canal is surrounded by an
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abundant tracheal network and muscles (Figure 4d).
The cells are composed of a monolayer cubic
epithelium. There are microvilli in the lumen-facing
part of the epithelial cells (Figure 4e). It consists of a
monolayer of cylindrical intestinal epithelial cells of
varying heights with abundant trachea and a thin



KSU Tarim ve Doga Derg 27 (4), 881-891, 2024
KSU J. Agric Nat 27 (4), 881-891, 2024

Arastirma Makalesi
Research Article

basal lamina (Figure 4f). Cells have microvilli directed
toward the lumen side. Epithelial cells contain
numerous rough endoplasmic reticulum and secretory
granules (Figure 4g).

The short enlarged posterior region of the midgut canal
is called the "bulb "posterior midgut. It is attached to
the midgut wedge with one end and the ileum with the
other end (Figure 4h). This part helps absorb the

excess water in the food before it passes to the hindgut.
In the SEM images, the outer surface was smooth and
surrounded by muscles. Its interior is in the form of a
large cavity containing digestive products (Figure 4i).
The wall structure is thin, and the epithelial cells are
shortened in size, so there are differences in their
heights, and there are sometimes cubic or even flat
cells. There are microvilli on the apical surface of the
cells.

\
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Figure 4. (a) The part where the midgut canal connects to the stomach-SEM. (b) The part of the midgut duct where
it attaches to the bulb-SEM. (c) The inner surface structure of midgut cross-sectional canal-SEM. (d) The
inner surface structure of the midgut tract-SEM. (e) View of microvilli in the midgut tract-SEM. (f)
General view of the stomach and mid-intestinal tract (LM) (X40). (g) Light microscope view of the midgut
tract (X40). (h) The part where the bulb structure attaches to the midgut-SEM. (i) Thin cell layer in the
bulb and trachea and muscles on the outer surface-SEM. B, bulb; M, muscle; Mc, midgut canal; Mv,

microvillus; S, stomach; T, trachea.

Sekil 4. (a) Midgut kanalinin mide-SEM'e baglandig: kisim. (b) Orta bagirsak kanalinin ampul-SEM'e baglandig
kismi. (¢) Orta bagirsak kesit kanalinin i¢ yiizey yapisi-SEM. (d) Orta bagirsak kanalinin i¢ yiizey yapisi-
SEM. (e) Orta bagirsak kanalindaki mikrovilluslarin goriiniimii-SEM. (f) Mide ve orta bagirsak kanalinin
genel goriiniimii (LM) (X40). (g) Orta bagirsak kanalinin 1sik mikroskobu goriiniimii (X40). (h) Ampul
yapisinin orta bagirsaga baglandigi kisim-SEM. (1) Ampul ve trakedeki ince hiicre tabakasi ve dis
yiizeydeki kaslar-SEM. B, ampul: M, kas; Mec, orta bagirsak kanali, Mv, mikrovillus; S, mide; T, soluk

borusu.

Hindgut

The gastric caeca includes a structure consisting of
four channels, one end of which i1s connected to the
rectum and the other end to the midgut. The ileum,
which consists of a monolayer cubic-cylindrical
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epithelium, passes through the middle of the channels
in the gastric caeca (Figure 5a, 5¢- 5¢). In SEM images,
it is seen that the caeca has a transverse nodular
structure and its outer surface is surrounded by the
trachea (Figure 5b, 5e, 5f).
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Figure 5. (a) General view of gastric caeca-SEM. (b) Trachea-SEM on the outer surface of the gastric caeca. (c-d)
General view of the ducts and ileum in the gastric caeca-SEM. (e) General view of ileum-SEM. (f) View of
the gastric cecum and ileum with a light microscope (X40). Ge, gastric caeaca; I, ileum; T, trachea.

Sekil 5. (a) Gastrik cekumun genel goriiniimii-SEM. (b) Mide boslugunun dis yiizeyindeki Trake-SEM. (c-d) Gastrik

cekum kanallar ve ileumun genel goriiniimii-SEM. (e) Ileum’un genel gériniimi-SEM. () Gastrik ¢ekum
ve ileumun 151k mikroskobuyla goriiniimii (X40). Ge, gastrik cekum; Il, ileum; T, soluk borusu.

Malpighian tubules are connected to the digestive
canal at the junction of the midgut and hindgut (Figure
5g). One end of the Malpighi tubes, which are found as
a pair, is connected to the digestive tract, and the other
end is free in the body cavity. While the part
connecting to the digestive tract is flatter, the ends are
seen as beads (Figure 5h). In the SEM images, the
outer surface of the Malpighi tubes is surrounded by
the trachea (Figure 5h). Its cells consist of a monolayer
cubic epithelium (Figure 5j). The parts of the cells
facing the lumen are surrounded by microvilli (Figure
5i, 5j).

The rectum forms the last region of the hindgut (Figure
5k). The surface of the rectum was surrounded by the
trachea and muscles (Figure 51). Intense folds are seen
in the parts of the cells facing the lumen (Figure 5m).
The cell wall consists of a monolayer cubic epithelium
(Figure 5n).
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DISCUSSION

Intestinal physiology and morphology differ in insects
depending on their nutritional diversity. Insects that
feed on solid foods have large, flat, short intestines
equipped with strong muscles that protect against
abrasion. These structures are very prominent in
plant-feeding caterpillars, which consume their food
fast and eat solid foods (Harris, 1938; Edmonds 1974,
Fontanetti et al., 2002; Silva et al., 2004; Nardi et al.,
2009; Metin, 2014; Candan et al. 2019). In contrast, in
insects that feed on liquid nutrients such as blood,
plant sap, or nectar, the intestine is usually long,
narrow, and curved to ensure maximum contact with
the liquid food. In this type of nutrition, there is no
need to protect the intestine from erosion (Demirsoy,
2003).
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Figure 5. (g) The part where Malpighi tubes connect to the digestive tract-SEM. (h) Bead-shaped structure of
Malpighi tubes-SEM. (i) Microvilli in Malpighi tubes-SEM. (j) Longitudinal and cross-section of Malpighi
tube-LM (X40) (Mallory). Mt, malpighian tubules; Mv, microvillus; Nu, nucleus; T, trachea.

Sekil 5. (g) Malpighi tiiplerinin sindirim sistemine baglandigi kistm-SEM. (h) Malpighi tiiplerinin boncuk

seklindeki yapisi-SEM. (i) Malpighi tiiplerindeki mikrovilluslar-SEM. (j) Malpighi tiipii-LM (X40)
(Mallory) boyuna ve enine kesiti. Mt, malpighian tiibiiller; Mv, mikrovillus; Nu, ¢ekirdek; T, soluk borusu.

i < |

Figure 5. (k) General view of the rectum-SEM. (1) External surface view of the rectum-SEM. (m) Folds on the inner
surface of the rectum-SEM. (n) Cubic-cylindrical cell structures of the rectum-LM (X40, HE). Rc, rectum.

Sekil 5. (k) Rektumun genel goriiniimii-SEM. (1) Rektumun dis yiizey gériinimii-SEM. (m) Rektumun i¢
yiizeyindeki kivrimlar-SEM. (n) Rektum-LM nin kiibik-silindirik hiicre yapilar: (X40, HE). Rec, rektum.

The digestive system of Aelia rostrata, which consists Demirkol, 2016; Candan et al, 2020; Ozyurt
of the foregut, midgut, and hindgut is similar to the Kocakoglu, 2021). The anterior and posterior

digestive systems of other Heteroptera species intestines are of ectodermal origin, and the midgut is
(Hamner, 1936; Harris, 1938; Barber, 1980; Pastle and of endodermal origin (Candan et al., 2020; Ozyurt
Woodward, 1988; Habibi et al., 2008; Bandani et al., Kocakoglu, 2021). The foregut and hindgut are short

2010; Cetin, 2014; Metin, 2014; Amutkan et al., 2015; and the midgut is long. The foregut consists of the

888



KSU Tarim ve Doga Derg 27 (4), 881-891, 2024
KSU J. Agric Nat 27 (4), 881-891, 2024

Arastirma Makalesi
Research Article

salivary  glands, pharynx, esophagus, and

proventriculus.

There is a pair of salivary glands attached to the
foregut. Each salivary gland consists of two parts,
posterior and anterior. The salivary glands are
surrounded by a thin muscle layer from the outside in
both regions and consist of a monolayer of cubic cells.
The folds on the surface of the posterior part of the
salivary glands are smaller than those of the anterior
part. The outer surface of the anterior part of the
salivary glands has the appearance of corn grains.
Tracheal structures were also observed on the surface
and sections of the salivary gland. In terms of
possessing a pair of salivary glands, Dolycoris baccara
(Linneaus, 1758) (Heteroptera: Pentatomidae) (Cetin,
2014), Carpocoris predicts (Heteroptera:
Pentatomidae) (Metin, 2014), Lygaeus equestris
(Linneaus, 1758) (Heteroptera: Lygaeidae) (Demirkol,
2016), and Rhaphigaster nebulosa (Heteroptera:
Pentatomidae) (Bayramova, 2015) show similarity
with Aelia rostrata. However, Amutkan (2012) showed
in his study that there are two pairs of salivary glands
attached to the foregut in Graphosoma Iineatum
(Linnaeus, 1758) (Heteroptera: Pentatomidae). In
Aelia rostrata, the anterior region of the salivary gland
has the appearance of corn grains, while it is finger-
like protruding in Graphosoma lineatum (Amutkan,
2012). Aelia rostrata has an accessory salivary gland
attached to each of the two salivary glands, which in
turn attaches to the foregut. In the SEM images, it is
seen that the accessory salivary gland makes “S”-
shaped folds. The accessory salivary gland consists of
a monolayer cubical epithelium according to light
microscope images.

The proventriculus and the stomach, which is the
anterior part of the midgut, are parts of the digestive
system that help break down food. Aelia rostrata does
not have tooth-like chitin protrusions as it is fed with
plant sap as seen in Graphosoma lineatum (Amutkan,
2012), Carpocoris pudicus (Metin, 2014), Dolycoris
baccarrum (Cetin, 2014) and Rhaphigaster nebulosa
(Bayramova, 2015). It protruded toward the lumen. In
Coleoptera, Hymenoptera, and Orthoptera species that
feed on solid foods, the structure consists of tooth-like
chitin protrusions because the proventriculus is the
place where the food is broken down. Because of the
studies conducted with the proventriculus, it was
observed that this structure changes depending on
liquid and solid nutrition. The stomach is in the form
of a thin tube, as in Solube pugnca Fab. (Heteroptera:
Pentatomidae) (Hamner, 1936), Graphosoma lineatum
(Amutkan, 2012), and Carpocoris pudicus (Metin,
2014). Since the is fed with liquid food, no spiny
protrusions are observed in the stomach. In Aelia
rostrata, the inner surface of the stomach is less
protruding than the proventriculus.

The midgut canal is in the form of a long tube and
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consists of a monolayer of cuboidal cells. In A. rostrata,
the midgut canal is in the form of a long tube, as in
Graphosoma Iineatum (Amutkan, 2012), Carpocoris
pudicus (Metin, 2014), Rhaphigaster nebulosa
(Bayramova, 2015), and Lygaeus equestris (Demirkol,
2016). Although the midgut canal is composed of
monolayered cubic cells in A. rostrata, it consists of
cylindrical cells in Carpocoris pudicus (Metin, 2014). In
A. rostrata and Rhaphigaster nebulosa, the midgut
canal is similar in that one end is connected to the
stomach and the other to the bulb (Bayramova, 2015).

The short enlarged posterior region of the midgut canal
is called the "bulb." It is connected to the midgut wedge
with one end and the ileum with the other end. The
bulb structure found in A. rostrata is similar to that of
Graphosoma lineatum (Amutkan, 2012) and
Carpocoris pudicus (Metin, 2014).

In A. rostrata, the hindgut consists of the ileum and
rectum, whereas Melanogryllus desertus (Orthoptera:
Gryllidae) consists of the ileum, colon, and rectum
(Cakici, 2008). Four gastric caeca resembling corn
kernels are attached to the ileum. A. rostratais similar
to Carpocoris pudicus (Metin, 2014) and Rhaphigaster
nebulosa (Bayramova, 2015) in terms of attachment of
gastric caeca and formation of four channels. In A.
rostrata, the gastric caeca attaches to the hindgut,
whereas in Melanogryllus desertus it attaches to the
midgut (Cakici, 2008). Although there are four gastric
caeca in A. rostrata, there are two in Melanogryllus
desertus (Cakici, 2008). The gastric caeca is absent in
Pyrrhocoris  apterus (Hemiptera: Pyrrhocoridae)
(Kocakoglu, 2021) and Lygus hesperus (Heteroptera:
Miridae) (Habibi, 2008).

In A. rostrata, the Malpighi tube i1s connected to the
area where the ileum and rectum are connected. Two
pairs of Malpighi tubes connected to the ampulla
structure branch show a knotty structure and end with
closed ends. The presence of constricted and two pairs
of malpighi tubes of A. rostrata is similar to that of
Carpocoris pudicus (Metin, 2014) and Rhaphigaster
nebulosa (Bayramova, 2015) in that the malpighi cells
consist of monolayer cubic cells. Although there are 2
pairs of Malpighi tubes in A. rostrata and 1 pair in
Pyrrhocoris apterus (Kocakoglu, 2021), the Malpighi
cells are similar in that they consist of monolayer cubic
cells. There are two pairs of Malpighi tubes in A.
rostrata, Lygaeus equestris (Demirkol, 2016),
Oncopeltus  fasciatus (Heteroptera: Lygaeidae)
(Hamner, 1936), Graphosoma Iineatum
(Amutkan,2012), Dolycoris baccarum (Cetin,2014),
and  Psammotettix  striatus  (L.)(Hemiptera:
Cicadellidae) (Zhang et al., 2012). There are two pairs
of Malpighi tubes, as in Zhang et al., 2012). Malpighi
tubes Solubea pugncve (Hamner, 1936) 1 pair,
Pezodrymedusa lata Karadag (Orthoptera:
Tettigoniidae) (Bursali, 1996) 3 pairs. Ghanim et al.
(2001) found that Besimia tabaci Gennadius
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(Hemiptera: Aleyrodidae) lacks Malpighi tubes, but
instead has a special Malpighi-like cell in the inside of
the ileum and the filter chamber. In A.rostrata,
Malpighi cells are nodular, while in Sarcophaga
ruficornis it consists of principal and star-shaped cells.

The surface of the rectum is surrounded by the trachea
and muscles. The cell wall consists of a single layer of
cubic cylindrical epithelium. Instead of microvilli,
dense folds are seen in the parts of the cells facing the
lumen. These features are similar to Carpocoris
pudicus (Metin, 2014), Rhaphigaster nebulosa
(Bayramova, 2015), and Lygaeus equestris (Demirkol,
2016). Rectal papillae were not observed in A. rostrata.
Rectal papillae are generally seen in groups with
chewing mouth structures such as Orthoptera and
Coleoptera. Therefore, the rectal papillae cause the
solidification of the waste product with final
absorption.

Because of this study on the examined Aelia rostrata,
it was found that the digestive tract was generally
similar to Heteroptera species. However, there are not
enough studies on the fine structure of the digestive
tract. Due to the structural and morphological
similarities of the digestive system of insects, this
study will have an important place in future studies
and in illuminating insect control studies in terms of
agricultural control. It aims to develop mechanisms
that will affect the digestive system in the fight against
this insect by investigating the structure of the
digestive system of A. rostrata.
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ABSTRACT

In this study, germination and seedling growth under salt stress (175
mM) of maize pretreated (priming) with different salt (NaCl) solutions
(0, 150, 175, and 200 mM) were investigated. Unprimed seeds were used
as control. The study was carried out with two maize cultivars (ADA-
9510 and Simpatico) in a petri dish and pot media. The effects of
cultivar and priming treatments on germination and seedling
characteristics of maize under salt stress were significant (P<0.01) in
both environments. In the ADA-9510 variety, the average values of the
examined traits were found to be higher. The germination rate of the
Simpatico variety was very low in salt stress, but after priming, it
showed an increase of up to 224% in Petri dishes and up to 44% in pots.
In pot conditions, priming improved crude protein content, root dry
matter ratio, and emergence speed in ADA-9510, while root dry matter
ratio, emergence rate, and speed of the Simpatico variety improved
when compared to control. Accordingly, as a result of the study, it was
determined that the application of priming with 150 and 175 mM NaCl
solutions, even with normal water, reduced the negative effects of salt
stress on germination and seedling growth in maize.

Field Crops
Research Article
Article History

Received
Accepted

- 18.07.2023
- 18.01.2024

Keywords
Priming

Salt stress
Maize
Germination
Seedling growth

Tohumlara NaCl Cozeltileri ile Priming Uygulanmasinin Misirda Cimlenme ve Fide Asamalarinda

Tuz Stresine Etkileri

ABSTRACT

Bu calismada farkh tuz (NaCl) c¢ozeltileriyle (0, 150, 175 ve 200 mM) 6n
islem uygulanan (priming) misirin tuz stresi (175 mM) altinda
¢imlenme ve fide gelisimi incelenmistir. Kontrol olarak priming
uygulanmamis tohumlar kullamilmigtir. Calisma iki adet misir ¢esidi
(ADA-9510 ve Simpatico) ile petri ve saks1 kosullarinda yiiriitiilmiistiir.
Misirin tuz stresi altinda ¢imlenme ve fide 6zellikleri tizerinde cesit ve
priming uygulamalarinin etkisi hem petri hem de saksi ortaminda
énemli (P<0.01) olmustur. ADA-9510 ¢esidinde, incelen 6zelliklere ait
ortama degerler daha yiksek bulunmustur. Simpatico ¢esidinin
cimlenme orani tuz stresinde ¢ok dusiik olmus, ancak priming sonrasi
petri kaplarinda %224'e, saksilarda %44'e varan bir artig gostermistir.
Saks1 kosullarinda, kontrolle kiyaslandiginda priming uygulamalar
ADA-9510 gesidinde ham protein igerigini, kok kuru madde orani ve
stirme hizini, Simpatico gesidinde ise kok kuru madde orani, siirme
oran1 ve hizimi gelistirmistir. Buna gore ¢alisma sonucunda 150 ve 175
mM NaCl ¢ozeltileri ile hatta su ile yapilan priming uygulamasinin da
misirda tuz stresinin ¢imlenme ve fide gelisimi tizerindeki olumsuz
etkilerini azalttigi belirlenmigtir.
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INTRODUCTION
Salt stress is one of the most important and common
abiotic stress factors that negatively affect

agricultural production (Vinocur & Altman, 2005).
Salinity makes water uptake difficult due to osmotic
degradation and causes disruption of physiological
processes in plants by ion stress. In addition, it limits
photosynthesis by reducing the amount of green
tissue in plants and reduces the nutrient content by
limiting the activity of various enzymes (Munns et al.,
2006). Soil salinity can be caused by many compounds
such as chlorides (NaCl, CaCly, MgCls), Sulfates
(Na2SO4, MgSO4), nitrates (NasNOs;, KNO3),
Carbonates, bicarbonates (CaCO3s, Na2C0O3, NaHCO3)
and borates (Yetissin & Karakaya, 2022). The most
important and most common of these compounds is
sodium chloride (NaCl) and, high NaCl content in the
environment leads to ion competition and reduces
Ca*2, K*1 and Mg*2 uptake (Parida & Das, 2005).

Although there 1s a general perception that
salinization occurs only in arid and semi-arid regions,
no climatic region is exempt from this problem
(Rengasamy, 2006). Current information from 118
countries covering 85% of global land area, express
that more than 424 million hectares of topsoil (0-30
cm) and 833 million hectares of subsoil (30-100 cm)
are salt-affected (FAO, 2023). Salinity is encountered
in an area of approximately 1.5 million hectares in
Turkey, which constitutes 5.48% of the country's total
arable land (Sénmez, 2003). The salinity seen in
agricultural areas may be due to soil, as well as

incorrect agricultural practices, excessive or
insufficient irrigation, irrigation water, and
temperature increase may be effective in the
formation of salinity or 1its reaching further

dimensions. The continuation of wrong agricultural
practices and especially the changes in the climate in
recent years may cause an increase in the salinity
problem. It is predicted that global climate change
will cause an increase in temperatures in large areas,
including Turkey, and a decrease in precipitation and
water resources. The expansion of salt-affected areas
poses a major threat to food supply security around
the world. It is predicted that 10% of agricultural
lands will become salinized every year due to
irrigation with salt water, low precipitation, and high
evapotranspiration, and salinity problems may occur
in more than 50% of arable land rapidly by 2050
(Jamil et al., 2011). Therefore, cultural, physiological,
and genetic studies that increase salt tolerance of
basic crops are of great importance for sustainable
agricultural production.

Maize (Zea mays L.) is grown in many countries and
is one of the most basic products for human and
animal nutrition worldwide (Agami, 2013). Maize is
the third cereal after wheat and barley in terms of
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production amount in Turkey and it is of great
importance, especially for animal nutrition. It is a
highly crucial crop for both plant and animal
production in the Turkish agricultural system.
Moreover, its importance is gradually increasing due
to the increase in demand, especially in the livestock
sector. Maize is a moderately sensitive plant to salt
(Carpict et al., 2009) and soil salinity is a serious
limiting factor for maize production all over the world
(Farooq et al., 2015). Pitann et al. (2009) reported
differential responses of maize cultivars to salt stress
based on biochemical data at the cellular level.
Salinity causes stress for plants at all stages of
development. However, it poses a greater risk,
especially during the germination and seedling stages
(Goldsworthy, 1994). Like all plants, Mize is much
more sensitive to salinity during germination and
seedling periods. Therefore, improving the salinity
tolerance of maize during the germination and early
development period is critical for the yield and quality
of maize and, of course, its sustainable production.
The susceptibility of maize to high salt stress was
revealed by the decrease in growth and development
of underground and aboveground parts (Neubert et
al., 2005; Sazalai & Janda, 2009). Therefore, intensive
efforts are made to increase the resistance of maize to
salt stress, including seed priming (Bakht et al., 2011;
Gebreegziabher & Qufa, 2017).

One of the most common priming is halo-priming in
which water uptake is ensured in 50 - 200 mM salty
(KC1 and NaCl) solutions (Kumar et al., 2016).
Priming is based on the principle of stimulating seed
germination by controlling moisture, ensuring certain
metabolic processes, and stopping the process before
root emergence occurs (Singh & Kumar, 2021). With
priming, homogeneous and strong seedling
development is aimed at increasing the germination
and seedling emergence rate. In addition to
germination performance, protection systems, and
stress tolerance increase in seeds stimulated by
priming (Khan et al., 2022). In many studies, it has
been revealed that priming positively affects the
germination and development of salt-stressed plants
and has an effect on tolerance to different stress
factors (Agami, 2013; Munns & Gilliham, 2015;
Baghel et al., 2019; Farooq et al., 2019; Yetissin &
Karakaya, 2022). Ashraf & Rauf (2001) reported that
priming with chlorinated salts can reduce the
negative effect of salt stress on germination (Mahara
et al., 2022), seedling development (Kaya & Goziibenli
2020), and growth (Bakht et al., 2011) in maize.

As 1t 1s known, the pretreatment of seeds with
biological, chemical, or physical agents has changed
germination characteristics and seedling growth in
many plants. These findings inspired new studies by
raising the question of whether the plant's response
to stress conditions can be ameliorated by priming
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(Faroq et al., 2015). Priming is not simply a process of
biochemical changes associated with  early
germination in seeds. In the priming stage, metabolic
activities occur in RNA and protein production,
structural and genetic repair, and antioxidant
mechanisms, which are decisive for good germination
and seedling development (Akshay et al., 2022; Li et
al., 2022). At this stage, by applying sufficient stress
to the seeds, the systems that respond to stress are
activated, and thanks to this information, the seeds
are better prepared for the stress they will encounter
(Bhanuprakash & Yogeesha, 2016). Therefore, the
present study was planned to determine the response
of maize seeds primed with solutions with different
salt concentrations to salt stress during germination
and seedling stages.

MATERIAL and METOD

This study was carried out as a petri dish and pot
experiment in the laboratory of the Department of
Field Crops, Faculty of Agriculture, Yozgat Bozok
University. Plant material Simpatico (FAO 300) and
Ada-9510 (FAO 650) maize varieties were used in the
study. Maize seeds were primed with different salt
solutions and then germination and seedling growth
under salt stress were investigated. Unprimed seeds
were used as a control

Priming

For priming, maize seeds were kept in solutions
containing 0, 150, 175, and 200 mM salt (NaCl) for 18
hours at 24 °C. Then they were washed thoroughly
with distilled water and dried in an oven at 40 °C for
5 hours. Finally, the seeds were packaged and made
ready for use in the experiment.

Salt Stress

Primed and Control seeds were tested in petri dishes
and pots. To create salt stress, saline solution (175
mM, NaCl) was used in the initial irrigation in both
media, and subsequent irrigations (for the pot media)
were made with distilled water.

Petri Trial

The effect of treatments on the germination rate and
speed of maize in the Petri dish was investigated. 10
seeds of all treatments were placed in petri dishes
with a layer of filter paper in triplicate and then
saline solution (175 mM) was added to the petri
dishes. The prepared petri dishes were wrapped with
parafilm and left to germinate. They were kept in
dark conditions for the first two days, then in 16
hours light-8 hours dark conditions at a constant
temperature of 24 °C. Germination results were
started on the second day after planting and were
completed at the end of the 7th day. In the
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experiment, the seeds whose root length reached 0.5
cm were accepted as germinated and the following
characteristics were examined.

Germination rate: GR (%) = (Number of germinated
seeds/total number of seeds) X100 (Kayagcetin et al.,
2018).

Germination speed: GS= Y[(G1/D1) + (G2/D2) +..... +
(Gn/Dn)]. G: number of germinated seeds, D: number
of days (Czabator, 1962).

Pot Trial

Primed and control seeds were tested in 0.5 L pots to
determine emergence and early seedling growth
characteristics. 300 grams of peat was placed in each
pot and 10 seeds were planted at a depth of 3 cm.
After planting, the pots were irrigated with salt
solution (175 mM) to field capacity and placed in
conditions with 16 hours of light 8 hours of
darkness, and a constant temperature of 24 °C. This
process was repeated 3 times for each application.
Follow-up irrigations were made with pure water at
100% when each pot reached half of the field capacity.
The pot experiment was continued for 21 days.
Emerging speed and rate were determined in the first
10 days, and seedling characteristics were determined
at the end of the 21st day.

Emergence traits

Emergence rate*: ER (%) = (Number of seeds to
emergence/total number of seeds)x100

Emergence speed*: ES (day') = Y[(E/D1) + (E2/D2)
+...+ (En/Dn)]

E: number of emergence in the counting day, D: days.
* those with a coleoptile length of 1 cm were counted
for emergence.

Seedling characteristics

At the end of the 21st day, shoot and root lengths
were determined by measuring the actual lengths of
the above-ground and underground parts of 5
seedlings in each pot. For the shoot and root dry
matter ratio, the roots and shoots of all seedlings in
each pot were weighed freshly and then dried in an
oven at 65°C until constant weight. Finally, dry
matter ratios were determined by the formula (Dry
weight/fresh weight x 100).

Dried samples were ground in a mill to pass through
a sieve with a diameter of 1 mm. Then crude protein,
ADF (Fiber insoluble in acid detergent), NDF (Fiber
Insoluble in Neutral Detergent), Potassium (K),
Phosphorus (P), Calcium (Ca), and Magnesium (Mg)
(%) contents were determined using Near Infrared
Reflectance Spectroscopy (NIRS) (Foss 6500 and IC-
0904-FE package program).
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Statistic Analysis

The experiment was arranged in a split-plot design
with three replications. Varieties were analyzed
separately for a priming effect. The analysis of the
data was made using the MSTAT C statistical
package program and differences between treatments

were compared with Duncan's multiple range test
(Bricker, 1991).

RESULTS and DISCUSSION

The effect of variety and priming on the germination
rate and speed of maize in Petri media is given in
Table 1. The difference between varieties was found
to be significant (P<0.01) and, ADA-9510 had higher
values in terms of both germination rate (75.33%) and
germination speed (3.79 day1).

Table 1. Effect of priming on germination characteristics of maize varieties under saline

(Petri media)

The effect of priming treatments on germination rate
and speed was significant (P<0.01) in both cultivars.
The highest germination rate of ADA-9510 was
determined in control (93.33%), PO (86.67%), and P3
(76.67%) applications, and the lowest in P2 (56.67%)
and P1 (56.67%) applications. Accordingly, a positive
effect of priming processes on the germination rate of
the ADA-9510 variety was not observed in the petri
dish. The germination rate of the Simpatico cultivar
was significantly higher than the control (26.67%) in
all priming treatments and was the highest in PO
(86.67%), P2 (76.67%) and P3 (63.33%) treatments
(Table 1). These results show that Simpatico has a
germination problem in saline conditions (175 mM),
and this problem can be largely overcome by priming.

(175 mM) conditions

Cizelge 1. Priming isleminin misir ¢esitlerinin tuzlu kosullarda (175 mM) ¢imlenme oézelliklerine etkisi (petri

ortami)
. e Characteristic

Variety Priming GR (%) _ +Se GS (day!)  +Se
Control 93.33 a 2.72 3.73 ab 0.12
PO (0 mM) 86.67 a 3.45 453 a 0.52
P1 (150 mM) 63.33 b 4.21 3.57 ab 0.51

ADA-9510 P2 (175 mM 56.67 b 3.45 2.63Db 0.51
P3 (200 mM) 76.67 ab 272 4.50 a 0.43
Mean 75.33 A 3.79 A
Control 26.67 ¢ 3.82 0.97c¢ 0.27
PO (0 mM) 86.67 a 272 5.30 a 0.37

Simpatico P1 (150 mM) 46.67bc 345 1.53 ¢ 0.15
P2 (175 mM 76.67 ab 3.90 2.53 be 0.14
P3 (200 mM) 63.33 ab 3.82 3.43b 0.39
Mean 60.00 B 2.75 B

**:P<0.01. Set Standard error. There is no difference between the averages in the same column and with the same letter for

each variety. GR: germination rate, GS: germination speed.

Similarly, germination speed was affected by priming
in both cultivars and showed a parallel change with
germination rate. The lowest germination speed in
ADA-9510 was determined in the P2 (2.63 day?)
treatment while the other treatments were in the
highest group with values ranging from 3.73 to 4.53
days. The germination rate of the Simpatico cultivar
was highest in the PO (5.30 day!) treatment while it
was lowest in control (0.97 day?) and P1 (1.53 day?)
treatments (Table 1). Accordingly, in terms of
germination properties, priming application did not
show any relieving effect on salt stress in ADA-9510
in petri conditions. On the other hand, priming
affected the germination rate and speed positively in
the Simpatico variety, but this effect was higher in
water priming than in salty priming and decreased in
salty priming depending on salt concentration.

In the pot conditions, slightly different results were
found, which indicates that the growing conditions
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are also determinant in the response of plants to salt
stress. The effect of variety and priming treatments
on the emergence and seedling growth characteristics
of maize was also significant (P<0.01) in the pot
conditions (Table 2). On average, the highest
emergence rate (66.31%), emergence speed (3.23 day
1), root length (17.3 cm), and shoot length (31.63 cm)
were determined in ADA-9510, and root dry weight
(13.09 g) in Simpatico variety (Table 2). The effect of
priming on emergence rate and speed was significant
(P<0.01) in both cultivars. In terms of emergence rate,
control (84.33%) and PO (80.55%) treatments were in
the highest group together in the ADA-9510 variety,
while all other treatments formed the lowest group.
In the Simpatico, the priming, except for P3, was
found to be above the control. Priming treatments had
a positive effect on the emergence speed in both
varieties. PO and P1 in the ADA-9510 variety and all
priming treatments in Simpatico were above the
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control regarding emergence speed. In this context,
apart from the emergence rate of ADA-9510, priming
with saline agents significantly improved the
germination properties at low concentrations (150
and 175 mM). When seeds were primed with 200 mM
solution, the positive effect was reduced and
germination values were similar to the control. This
indicates that the high salt content in the priming
agent may have a toxic effect on maize. Many
previous studies seem to be in great agreement with

these results. Kaya & Goziibenli (2020) investigated
the effect of priming with NaCl solutions on seedling
development in two maize varieties (Pasha and P-
31A34) in saline soils and reported that priming seeds
with 5 g L'l NaCl positively affects seedling growth.
They also emphasized the importance of variety
selection in saline soils. Similarly, Mahara et al.
(2022) reported that seed priming with 5 g L' NaCl
solution alleviated the inhibitory effect of salt stress
on germination and seedling growth of maize.

Table 2. The effect of priming on emergence and seedling characteristics of maize cultivars under saline

(175 mM) conditions (Pot media)

Cizelge 2. Priming isleminin misir gesitlerinin tuzlu kosullarda (175 mM) ¢ikis ve fide ozelliklerine etkisi (saksi

ortami)
Characteristic
3:(2‘ Priming ** @ o D P 3 D 2 D g ~ v & D
58 0% 8g 9 25 9 25 9 &8 9 as 9
< ~ o' n

>

Control 84.33a 2.84 3.44b 0.35 17.8 1.61 3327a 261 9.37bc 1.13 9.52 1.71

PO (0 mM) 80.55a 3.06 4.89a 0.26 15.1 2.21 34.183a 1.04 6.92c 1.28 8.84 0.53
% P1 (150 mM) 61.11b 3.84 3.31ab 0.43 18.0 1.53 31.60ab 1.89 1544a 3.92 9.00 0.25
2‘ P2 (175 mM 55.56b 3.54 2.36b 0.13 17.7 0.52 32.20ab 0.57 11.42 abc 1.07 10.28 0.94
A P3(200mM) 50.00b 4.87 2.17b 0.22 17.9 0.88 26.95b 2.32 11.92ab 3.21 9.80 0.73
< Mean 66.31 A 3.23 A 17.3A 31.63 A 11.02 B 9.49

Control 55.56b 3.35 2.30b 0.23 12.3 1.10 30.67a 2.79 10.34b 092 875 042

PO (0 mM) 80.56a 1.36 3.81a 0.38 12.5 1.00 24.47b 191 11.99b 0.37 9.15 0.60
.§ P1 (150 mM) 63.89ab 5.90 3.33a 0.30 13.1 0.48 24.20b 1.23 17.15a 1.71 9.20 0.28
g P2(175mM 75.00a 5.19 3.64a 0.28 13.2 1.37 27.88ab 2.27 12.47b 1.16 7.83 1.09
g P3 (200 mM) 55.56b 3.01 2.53 ab 0.36 12.9 1.46 27.13ab 1.98 13.52b 144 8.06 0.58
2 Mean 66.11 B 3.12 B 128 B 26.87 B 13.09 A 8.60

*%: P<0.01. Set Standard error. There is no difference between the averages in the same column and with the same letter for
each variety. ER: Emergence rate, ES: Emergence speed, RL: Root length, SL: Shoot length, RDMR: Root dry matter ratio,

SDMR: Shoot dry matter ratio.

While shoot length and root dry matter ratio were
significantly (P<0.01) different, root length and shoot
dry matter ratio were found to be similar among the
priming treatments in maize varieties (Table 2). The
shoot length of ADA-9510 showed a significant
decrease in P3 (26.95 g) but was similar in other
treatments. In Simpatico, P2, P3, and control were in
the highest group in terms of shoot length, but a
significant decrease was recorded in PO and P1
treatments. Interestingly, although the roots of the
plants are first exposed to salt stress, the shoots may
be more affected (Muns & Sharp, 1993). In both
cultivars, an increase was recorded in the root dry
matter ratio when priming with saline solution. The
root dry matter ratio of the ADA-9510 variety was
determined to be significantly higher, especially in
saline priming (P1, P2, and P3). The highest root dry
matter ratio of Simpatico was determined in P1
(17.15 g), and all other treatments were in the lowest
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group together (Table 2). These results show that
priming in saline solutions has a positive effect on
root dry matter ratio in maize, but this effect may
vary depending on the variety and salt dose in the
priming solution.

The effect of variety and priming on crude protein and
mineral content of maize is given in Table 3. Crude
protein content was affected by cultivars and was
found to be higher in Simpatico (25.86%) on average.
The effect of priming treatments on crude protein
content was significant only in the ADA-9510 variety.
The crude protein content of the ADA-9510 variety
was above the control (23.04%) in priming, and the
highest was detected in P1 (25.20%) and P2 (25.44%)
treatments. The crude protein content of Simpatico
was similar in all treatments and was between
25.18% (P3) and 26.86% (control). Growth and
development in plants is a process dependent on
physiological and biochemical mechanisms. In this
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respect, salt stress affects the chemical content of
plants as well as their morphological features, and
this effect is due to the combination of dry matter
accumulation, 1ion uptake and relationships, water
status, biochemical reactions, and/or many
physiological reactions (Sohan et al., 1999). Therefore,
the response of plants against salt stress depends on
the effectiveness of these mechanisms. The protein
mechanism and accumulation of mazie undergo
significant changes under salt stress, and the level of

salt stress is also important in this change. Indeed,
the change in protein regulation of protein roots and
shoots in maize under 25 mM NaCl stress was 45%
and 31%, respectively, while this level was 80% for
total separated proteins under 100 mM NaCl salt
stress (Zorb et al., 2004). Arora et al. (2008) found
that the pre-sowing treatment of maize seeds with 28-
homobrassinolide promoted antioxidative enzyme
activity, resulting in a decrease in lipid peroxidation
and an increase in protein content.

Table 3. Effect of priming on crude protein and mineral matter (P-K-Ca-Mg) content of maize seedlings grown in

salty conditions (175 mM) (Pot media)

Cizelge 3. Priming isleminin tuzlu kogullarda (1756 mM) yetisen musir fidelerinin ham protein ve mineral madde

(P-K-Ca-Mg) icerigine etkisi (saksi ortami)

Characteristic
. .. Crude
V t %% P *%
anety e protein  +Se P (%)t K (%)t Ca (%)t Mg (%)t
(%)
Control 23.04 ¢ 0.08 0.57 be 4.40d 0.40 a 0.17Db
PO (0 mM) 24.76b  0.05 0.58 b 4.65b 0.41 a 0.18b
0.10 0.59 4.62b 0.41 0.19
ADA-9510 P1 (150 mM) 25.20 a a c a a
P2 (175 mM 95.44 a 0.08 0.59 ab 4.71 a 0.41 a 0.17b
P3 (200 mM) 21.77d  0.08 0.56 ¢ 459 ¢ 0.34b 0.17b
Mean 24.04 B 0.58 B 459 A 0.39 0.18 A
Control 26.86 0.33 0.62 4.76 0.32 0.14b
PO (0 mM) 25.31 0.68 0.62 4.32 0.42 0.21a
Simpatico P1 (150 mM) 26.39 0.65 0.58 3.79 0.37 0.22 a
P P2 (175 mM 95.58 0.27 0.60 4.28 0.43 0.18 ab
P3 (200 mM) 25.18 0.19 0.60 4.15 0.35 0.19 ab
Mean 25.86 A 0.60 A 426 B 0.38 0.19 B

*P<0.05, **: P<0.01. Se: Standard error. ¥ Se<0.01. There is no difference between the averages in the same

column and with the same letter for each variety.

The effect of variety on the P, K, and Mg content of
maize was significant (P<0.01). The average P content
was found to be higher in Simpatico (0.60%) and, the
K and Mg content was higher in ADA-9510 (4.59%
and 0.18%) (Table 3).

Priming treatments affected the mineral content
significantly (P<0.01), especially in ADA-9510. In
general, the mineral content of ADA-9510 was
positively affected by priming except Ca. The highest
P, K, and Mg contents in ADA-9510 were detected in
priming with saline solution. This positive effect is
particularly evident in priming with low-salt
solutions (P1 and P2). The Ca content of ADA-9510
was adversely affected by high-salt solution priming
(P3) but was similar in other treatments. In
Simpatico, treatments were only effective on Mg
content and all priming treatments were in the same
group and above control in terms of Mg. Under salt
stress, the uptake of nitrogen, calcium, potassium,
magnesium, and iron by plants decreases (Karimi et
al., 2005; Kaya et al., 2010) and excess sodium and

chlorine in salty soils limit the uptake of other
elements, leading to imbalance in the chemical
content of maize (Turan et al., 2010). Present results
showed that priming affected the chemical response
of maize to salt stress related to protein and mineral
content. In previous studies, the stress-reducing effect
of different priming agents has been reported. Seed
priming with NaCl stimulates various metabolic and
physiological processes in plants during germination
and early growth stages (Abraha & Yohannes, 2013;
Kaya & Gozubenli, 2020). It was reported that 60 and
120 mM NaCl significantly reduced growth,
development, photosynthesis, and enzyme (catalase
and peroxidase) activity and leaf anatomy in maize,
but the toxic effect of salt stress was alleviated by
presoaking the seed with salicylic acid and 24-
epibrassinolide (Agami, 2013). Gunes et al. (2005)
reported that exogenously applied salicylic acid
significantly enhances plant growth in both saline
and unsalted conditions by acting as an endogenous
signaling molecule responsible for inducing abiotic
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stress tolerance. The authors also reported that
salicylic acid strongly inhibited the accumulation of
Na and Cl, but stimulated N, Mg, Fe, Mn, and Cu
concentrations of salt-stressed maize plants, so it
could be used as a potential growth regulator to
improve salinity stress resistance of the plant.
Similarly, the application of Brassinosteroids, a
phytohormone group of steroids to rice seeds
alleviated the adverse effects of salt stress by
restoring the pigment level, increasing nitrate
reductase, nucleic acid, and proteins (Anuradha &
Rao 2001).

CONCLUSION
Seed priming with water and salty (NaCl) solutions
improved germination characteristics, seedling

growth, and the chemical content of maize under
salinity stress. However, this effect was significantly
dependent on the variety and the salt concentration of
the priming agent. Priming with water was also
effective in reducing the negative consequences of salt
stress. However, it was observed that saline agents at
certain concentrations could be more effective. In this
study, 150 and 175 mM NaCl solutions were found to
be effective for maize. On the other hand, the results
showed that the cultivars differed very significantly
in both salt resistance and priming response. The
germination and emergence results in the control
treatment showed that Simpatico variety is more
sensitive to salinity (175 mM), but this can be
alleviated highly by priming. According to general
results, the ADA-9510 variety is more durable under
salt stress and also responded positively to the
applied priming treatments. This shows that priming
with low-salty solutions and water may alleviate the
negative effects of salt stress in both salt-tolerant and
sensitive varieties.
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ABSTRACT

We aimed to evaluate the possibilities of increasing the ginning out-
turn in multi-parent hybrid populations of cotton. Two genotypes
with high ginning out-turn were crossed with seven F3 populations
obtained from double crosses, and then fourteen Fi populations were
created in 2020. The F: populations, their grandparents, and two
parents, a total of 23 genotypes, were compared by Randomized
Complete Block Design with three replications in 2021. Significant
differences were detected among genotypes, including crosses and
parents for seed cotton yield per plant, ginning out-turn, fiber
fineness, and fiber strength. The orthogonal contrasts indicated that
the average performance of hybrids was significantly higher than
that of parents for ginning out-turn, seed cotton yield per plant, and
fiber fineness. Standard heterosis was between -11.19% and 20.54%
for seed cotton yield per plant; 4.71% and 16.03% for ginning out-
turn. [(ST-468 x Claudia) x (Gloria x Carisma)] x Esperia should be
transferred to further generations. Multi-parent hybrids could be
used to create the required variance and maintain dominance for the
improvement of yield and ginning out-turn.
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Cok Ebeveynli Pamuk (Gossypium hirsutum L.) Melez Genotiplerinin Performansi

OZET

Cok ebeveynli melez pamuk populasyonlarinda ¢ir¢ir randimanini
artirma olanaklari1 degerlendirilmistir. Sekiz adet ¢ift melez F3 melez
poptilasyonu ile yiiksek c¢irgir randimanina sahip iki genotip
melezlenmigs ve 14 farkli Fi1 melez popiilasyonu elde edilmistir.
Melezlerden ve ebeveynlerden olusan genotipik farklilhik tek bitki
kutli pamuk verimi, ¢ircir randimani, lif inceligi ve lif dayaniklilig:
yoninden o6nemli bulunmustur. Ortogonal karsilastirmalar
melezlerin ortalama performansinin ¢ir¢ir randimani, tek bitki kiitli
pamuk verimi ve lif inceligi yoninden ebeveyn ortalamasindan
onemli diuzeyde farkli oldugunu gostermistir. Standart heterosis tek
bitki kiitli pamuk i¢in %-11.19 ile %20.54; ¢ir¢ir randimani igin
%4.71 ile %16.03 arasinda degismistir. [(ST-468 x Claudia) % (Gloria
x Carisma)]l x Esperya melez kombinasyonunun ileri generasyonlara
aktarilmas: gerektigi saptanmigtir. Cirgir randimani ve kitli pamuk
verimini artirmayr amagcglayan 1slah g¢aligmalarinda dominantligi
stirdirmek ve varyasyonu olusturmak i¢in ¢ok ebeveynli melezlerin
kullanilabilecegi sonucuna varilmistir.
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INTRODUCTION arid areas of the world, is included in the genus

Cotton, grown in tropical, semi-tropical, and semi-

Gossypium. Cotton fiber and seed provide raw

materials to the textile and edible o1l industries,
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respectively (Shahzad et al., 2019; Tarazi et al., 2020).
In Turkiye, the pricing of cotton by cooperatives and
private buyers is primarily based on the ginning out-
turn (GOT). In addition, GOT is one of the most
important yield components, and genotypic
performance for high GOT has been extensively used
in cotton breeding (Desalegn, 2016). The quantitative
characteristics such as seed cotton yield and ginning
out-turn exhibited polygenic heritage and broad
variations in segregating generation of cotton (Memon
et al., 2017; Monicashree et al., 2017; Premalatha et
al., 2020; Balci et al., 2021b). Therefore, cotton
breeders concentrate on optimizing the high ginning
out-turn and seed cotton yield with fiber
characteristics within commercial limits (Akbar et al.,
2009; Ahuja et al., 2018). The results of simple
correlation and path analysis demonstrated that
ginning out-turn is one of the attributes most to seed
cotton yield (Zhou, 1986; Choudhari et al., 198S;
Ahmad ve Azhar, 2000; Salahuddin et al., 2010;
Erande et al., 2014).

Ibragimov (1989) announced that higher seed cotton
yield and ginning out-turn brought with coarse fiber
in cotton genotypes. The significant and negative
association between seed cotton yield and ginning
out-turn (Dinakaran et al., 2012; Parmar et al., 2015)
and ginning out-turn with seed weight, boll weight,
fiber length, and fiber fineness (Karademir et al.,
2010) were underlined. The presence of a negative
genetic correlation among ginning out-turn, seed
cotton yield, and fiber quality characters can often
limit the success of breeding (Yu et al., 2013), and this
negative association needs to be broken by the
different methods (Islam et al., 2016). A multiparent
advanced generation inter-cross (MAGIC) population
can be a good method to eliminate the mentioned
negative linkage compared with bi-parental
populations having low allelic diversity (Jenkins et
al., 2008). MAGIC populations can result from cycles
of recurrent selection aimed at combining favorable
alleles.

In another study, Fi4 and Fs cotton plants were
crossed with opposite and diverse testers to determine
the performances of heterotic groups and the
combining abilities of testers (Girish et al., 2019). To
compare the heterotic populations and to predict the
double cross performance, the robust and compact
cotton types were crossed in Line X Tester mating
design, and it was concluded that crosses involving
between group genotypes (interplant type) are highly
heterotic (Ranganatha et al., 2013).

Heterobeltiosis and standard heterosis are the
performance of F1 over the better parent and over the
standard check to identify the best cross combination
(Shashibhushan & Patel, 2019; Kumbhalkar et al.,
2021; Chapara & Madugula, 2021).

The previous studies on double cross population
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assessed the hybrid performance in terms of yield,
yield components, and fiber quality characteristics
(Yehia et al., 2009; El-Hashash, 2013; Ekinci et al.,
2016). In this study, seven Fs populations of double
crosses obtained from recurrent selection were
crossed with two parents with high ginning out-turn,
and then 14 F1 populations having five parents were
obtained. We aimed (1) to evaluate the cross
combinations, (2) to compare the performance of cross
combinations over different check varieties via
contrast parameters, and (3) to determine the cross

combinations to be transferred to the further
generations.
MATERIALS and METHODS

The 7 F3 populations derived from 4 x 3 reciprocal
line X tester crosses and recurrent selection (cycle 1)
were crossed with Esperia (ES) and advanced line
(Genotype-I; G1) having high ginning out-turn in
2020. The details of the Fs population development
were described by Balci et al., 2021a; Balci et al.,
2021b) and summarized in Figure 1.

Since the theoretical segregation in the F3 generation
was 75% homozygous and 25% heterozygous, at least
1 cross was made from each plant of all Fs
populations. Fourteen F1 populations and 9 of their
grandparents and parents, 23 genotypes, were
planted in Randomized Complete Block Design with
three replications in 2021. The weather of the
experimental location (Nazilli-Aydin/Turkey; 37°86'
N, 28°37' E) was defined as mild, generally warm, and
temperate within the class of Csa by Képpen and

Geiger. Experimental soil characteristics were
slightly alkali, high lime content, adequate
potassium, low organic matter, nitrogen, and
phosphorus.

The seeds of F1 and their parents were planted 0.12 m
apart with 0.70 m of row spacings. Each plot
consisted of one row of 6 m long. Field practices such
as fertilization, irrigation, pest, and weed control
were managed according to the national
recommendation for the cotton growing of the Aegean
Region in Turkiye. Ten plants per experimental unit
were randomly exampled for data collection, as
suggested by Sahito et al. (2016). Seed cotton yield
per plant (g), ginning out-turn (%), fiber fineness
(mic.), fiber length (mm), and fiber strength (g tex)
were recorded. The laboratory roller gin was used for
ginning out-turn, and the USTER® HVI-1000
instrument was used to determine fiber quality
properties.

Data were subjected to analysis of variance using the
JMP® 14 statistical program (SAS Institute Inc.
2018), and genotypic differences were tested by using
the LSD (0.05) test (Steel & Torrie, 1980). The LSD
means contrast function, as implemented in JMP® 14,
has been used to test orthogonal contrasts between
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treatments using F statistics for different means.
Orthogonal contrasts for ginning out-turn; C1; Esperia
crosses vs. Genotype-I crosses, Cs; All crosses vs.
mean of Esperia and Genotype-I, Cs; All crosses vs. all
parents, Ci; KEsperia crosses vs. best variety, Cs;

Genotype-I crosses vs. best variety and Ce; all crosses
vs. best wvariety. Orthogonal contrasts for other
characters; C7 all crosses vs. check variety (Gloria),
and Cs; all crosses vs. best variety.

2013 15t year lxl xl Ex:{E IxH nxl ........................................................
. We created 24 F, hybrid combinations by
2014 2nd years Fi I H . 4 x 3 reciprocal line % tester mating design,
Lol a Formed new genotypes in the F, generation
) 3 2 8
2015 3rd years F2 I |E| l : EI H |i] E due to transgressive segregation.
am — We crossed the best 10 F; combinations as
2016 ath vears F2 I X l X i X : X 1 half-diallel according to the recurrent selection
e = = and created 45 F, with multi-parents
We grew the 45 F, hybrid combinations 1o
€, U <
2017 Sthyears Fi advance generation to f ..
Formed new genotypes with multi-parents
2018 o6th years F2 I ! in the F, generation due 10 transgressive
segregation.
To improve the ginning out-turn of Fy hybnds
2 - with multi-parents selected in F, due to high
2020 7thyears F3 h X’é .X ® 'X g ‘X £ IX 3 lx vield and fiber technological quality, we
3 E crossed selected 7 Fy hybrids with Esperya and
— - Genotype-l, which have high ginning out-turn,
Ultimately, created 14 F, hybrd
2021 8thyears F1 F E ! : I i combinations are 5-way crosses {(with five
parents) for being hybrids of F, genotypes
with four parents crassed with one variety,

Figure 1. Breeding actions between 2013 and 2021

Sekil 1. 2013 ve 2021 yillar1 arasinda stirdiiriilen 1slah ¢alismalari

The F1 performance over standard over-check variety
was defined as standard heterosis, and the formula;

(%) x 100

(Fonseca and Patterson, 1968). (n
The standard error for the significance of standard

. Fl-check variety
Standard heterosis _ -

check variety

2 |2 X mean sum of square due to error
was - X )
number of replications

according to Cohran & Cox (1957). 2

heterosis

RESULTS and DISCUSSION

Genotypic differences were found to be significant for
seed cotton yield per plant, ginning out-turn, fiber
fineness, and fiber strength (Table 1). The results are
in concordance with the findings of Arain (2015),
Baloch et al. (2015), Memon et al. (2017),
Monicashree et al. (2017) and Premalatha et al.
(2020).

Seed cotton yield

[(CAx ST) x (ST x CL)] x G1 (53.66 g), [(ST x CL) x
(GL x CR)] x G1 (54.04 g) and [(CR x CA) x (GL x
FL)] x ES (54.44 g) were exhibited the lowest seed
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cotton yield per plant in crosses, whereas the highest
seed cotton yield per plant recorded in [(ST x CL) x
(GL x CR)] x ES (73.89 g). The comparison of
genotypic means indicated that Esperia had the
highest seed cotton yield per plant (71.82 g) among
parents (Table 2). In addition, mean data showed
that seed cotton yield per plant of 6 out of 14
combinations was over the grand mean of crosses
(60.57 g). Although orthogonal contrast (Cs) between
parents (55.76 g) and crosses means (60.57 g) was
favorable significant, crosses vs. check variety (61.30
g) and crosses vs. best variety (71.82 g were
unfavorable significant (C7 and Cs) (Table 3). In this
case, [(ST x CL) x (GL x CR)] x ES was superior for
seed cotton yield per plant and was followed by
combinations [(GL x FL) x (GL x CR)] x G1, [(CR x
CA) x (GL x FL)] x G1 and [(JU x ST) x (CR x CA)] x
ES. The positive and significant standard heterosis
value of all four combinations corrected the
performance of cross combinations. In previous
studies, 1t was revealed that standard heterosis
ranged from -12.63% to 30.90%, with 25 of 36 crosses
being positive (Bilwal et al., 2018) and from -28.29 to
47.03% with significant and positive in 9 out of 32
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crosses (Rathava et al., 2018). We also estimated that
standard heterosis was between -12.47% and 20.53%,
and 4 out of 14 crosses had significant and positive
values (Table 4). In this study, the grandparents and
parents in pedigrees of hybrids were the important

Table 1. Means used for orthogonal contrasts

cultivars grown in recent years. Therefore, the
maximum level of standard heterosis in our crosses
was lower than that of Bilwal et al. (2018) and
Rathawa et al. (2018).

Cizelge 1. Ortogonal karsilastirmalar i¢in kullanilan ortalama degerler

Means SCY GOT FL FF FS
The grand mean of Crosses 60.57+0.91 45.22+0.24 29.58+0.17 5.34+0.04 31.22+0.19
The grand mean of Parents 55.76+1.44 42.64+0.30 29.66+0.18 4.91+0.05 31.42+0.33
Grand Mean of Genotypes 58.69+0.84 44.21+0.24 29.61+0.13 5.17+0.04 31.30+0.18
Mean of Esperia Crosses 43.99+0.17

Mean of Genotype-I Crosses 46.45+0.23

Mean of Esperia and Genotype-I 44.89+0.51

SCY: Seed cotton yield (g); GOT: Ginning out-turn (%); FL: Fiber length (mm); FF: Fiber fineness (micronaire); FS: Fiber

strength (g tex1).

Ginning Out-Turn

The main purpose of our study is to increase the
ginning out-turn in cross combinations. The range of
ginning out-turn was 43.32 - 48.00% in cross
combinations and 40.73 - 46.11% in parents and
grandparents. The ginning out-turn of all cross
combinations was higher than all parents except
Genotype-I, while four cross combinations, [(JU x ST)
x (CR x CA)] x G1, [(GL x FL) x (GL x CR)] x G1,
[(CA x ST) x (GL x FL)] x G1 and [(JU x ST) x (GL x
CR)] x G1, were higher than Genotype-I (Table 2). In
addition, the mean of all crosses and Genotype I
crosses were 45.22% and 46.45%, respectively (Table
1). The significant orthogonal contrast values, such as
Cz2 and Cs, indicated that the performance of all
crosses was superior to the mean of Esperia and
Genotype-I and all parents (Table 3). Although no
significant Cs confirmed the equality of the mean of
the Genotype-I crosses and the best variety
(Genotype-I), the mean of all crosses was significantly
lower than the best variety Genotype-I (Ce).
Moreover, standard heterosis (compared to Gloria)
was between 4.71% and 16.03%, with 9 out of 14
crosses being significant. Murthy et al. (2017) found
that the mean performance of 4 F1 populations ranged
from 35.74% to 40.98%, and heterosis over two check
varieties was completely favorable. Mudhalvan et al.
(2021) determined that the ginning out-turn was
between 25.47% and 39.10% in 30 F1 combinations
(Gossypium hirsutum L), and standard heterosis was
mostly negative and significant (Table 4). In another
study, the values of the advanced lines selected for
ginning out-turn varied between 36.50% and 45.50%,
and the average of the control varieties was 40.9%
(Coban and Cicek, 2017). We recorded higher
performance for all cross combinations than the
mentioned studies regarding ginning out-turn.
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Fiber Length

The most important fiber quality characteristics are
fiber length, fineness, and strength in terms of the
fiber value for spinning into yarn and marketing.
Developing new cultivars with improved fiber
properties is the main target of cotton breeders
(Constable et al., 2015). The range of fiber length was
28.71 - 30.87 mm for cross combination and 28.63 —
30.87 mm for all parents (Table 2). Although
genotypic differences were nonsignificant, the mean
of all crosses (29.58) was significantly shorter than
that of the best variety, Carmen (30.87 mm). These
findings were incompatible with the results obtained
by Monicashree et al. (2017) and Premalatha et al.
(2020). Despite all this, the maximum fiber length
value in our study was higher than that of Arain et al.
(2015) and Baloch et al. (2015). [(ST x CL) x (GL x
CR)] x G1, [(CA x ST) x (ST x CL)] x G1, [(CA x ST) x
(GL x FL)] x G1 and [(CA x ST) x (GL x FL)] x ES
were highly performed for fiber length over 30.0 mm,
while standard heterosis was favorable in the first
three of these hybrids (Table 4). Earlier studies
reported that the means of fiber length were 30.0 mm
for crosses and 28.1 mm for parents, and standard
heterosis was between 2.75% and 14.43%
(Ashokkumar et al., 2013). It was seen that genetic
variability and standard heterosis were not created
for fiber length in the population where nine
commercial varieties and advanced lines were
crossed.

Fiber Fineness

The stronger and faster yarn process can only be
realized thanks to finer mature fibers (Steadman,
1997). The earlier opposite association has been
reported among ginning out-turn and fiber length and
micronaire, while the direct association between
ginning out-turn and strength and micronaire (Percy
et al., 2006). Fiber fineness of cross combinations and
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parents were 5.06 - 5.58 (mic.) and 4.61 - 5.11 (mic.),
respectively (Table 2). Although, [(ST x CL) x (GL x
CR)] x ES, [(ST x CL) x (GL x CR)] x G1 and [(JU x
ST) x (GL x CR)] x ES exhibited the fiber fineness
between 5.06 and 5.13 (mic.), other 11 cross
combinations had coarse fibers. The fiber fineness of
Carisma was considerably finer, and it was seen that
three combinations with acceptable fibers have
Carmen in their pedigrees. All defined orthogonal
contrasts for fiber fineness were significant, and the
mean of crosses (5.34 min.) was coarser than the

mean of all parents (4.91 min.), standard variety
(Gloria; 4.88 mic.), the finest variety (Carisma; 4.61
mic.). These findings indicated that our hybrid
population evolved in the direction of coarse fibers.
The significant association between ginning out-turn
and fiber fineness (Saeed et al., 2014) indicated that
coarse fibers could arise from high ginning out-turn in
cotton breeding. As Cakmak et al. (2023) emphasized,
ginning out-turns should be kept at a certain level to
obtain fiber fineness values between certain limits.

Table 2. Mean values of the grandparents, parents, and cross combinations.
Cizelge 2. Ebeveynler ve melez kombinasyonlara iliskin ortalama degerler

SCY GOT FL FF FS
Combinations
[(CA x ST) x (ST x CL)] x ES 56.60 de 43.78 e-g 28.77 5.48 a-c 31.13 b-g
[(CA x ST) x (ST x CL)] x G1 53.66 fg 45.62 ¢ 30.74 5.32 a-f 29.60 g
[(JU x ST) x (GL x CR)] x ES 60.58 ¢ 4332 g 29.87 5.13 b-h 31.10 b-g
[(JU x ST) x (GL x CR)] x G1 60.50 ¢ 46.16 be 29.45 5.38 a-e 30.90 d-g
[(CR x CA) x (GL x FL)] x ES 54.44 e-g 45.63 ¢ 28.76 5.58 a 31.23 b-g
[(CR x CA) x (GL x FL)] x G1 66.90 b 45.01d 29.22 5.45 a-d 30.17 e-g
[(JU x ST) x (CR x CA)] x ES 65.59 b 43.47 fg 28.71 5.15b-h 31.37b-g
[(JU x ST) x (CR x CA)] x G1 57.76 d 48.00 a 29.36 5.41 a-e 31.00 c-g
[(ST x CL) x (GL x CR)] x ES 73.89 a 43.95 of 29.08 5.06 e-h 32.50 a-d
[(ST x CL) x (GL x CR)] x G1 54.04 fg 45.84 ¢ 30.87 5.12 b-h 31.63 b-g
[(GL x FL) x (GL x CR)] x ES 62.78 ¢ 44.10 e 29.50 5.49 ab 32.13 a-e
[(GL x FL) x (GL x CR)] x G1 66.97 b 47.84 a 29.47 5.58 a 30.93d-g
[(CA x ST) x (GL x FL)] x ES 57.74 d 43.67 e-g 30.06 5.40 a-e 31.63 b-g
[(CA x ST) x (GL x FL)] x G1 56.59 de 46.65Db 30.33 5.22 a-g 31.70 b-f
Grandparents
ST-468 (ST) 61.53 cd 42.71 28.63 5.10 d-h 30.37 e-g
GLORIA (GL) 61.30 ¢ 41.37j 30.15 4.88 g-1 30.70 d-g
FLASH (FL) 53.28 g 40.73 k 29.94 4.89 g-1 29.83 fg
CARISMA (CR) 53.21g 42.451 28.88 4.641 30.40 e-g
JULIA (JU) 48.60 h 41.64j 29.86 5.11 c-h 33.13 ab
CARMEN (CA) 47.11h 41.83j 30.87 4.83 h-1 33.03 a-c
CLAUDIA (CL) 49.32 h 43.31 gh 30.12 4.96 f1 33.90 a
Parents
Genotype-1 (G1) 55.70 d-f 46.11 be 29.64 4.84 h1 30.57 d-g
ESPERIA (ES) 71.82 a 43.66 e-g 28.87 4.97 f1 30.87 d-g
LSD (.05 2.33 0.61 0.38 2.05

SCY: Seed cotton yield (g); GOT: Ginning out-turn (%); FL: Fiber length (mm) FF: Fiber fineness (micronaire);

FS: Fiber strength (g tex).

Table 3. The significance of orthogonal contrasts
Cizelge 3. Ortogonal karsilastirmalarin onemliligi

Orthogonal contrasts

SCY GOT FL FF FS

C1 Esperia crosses vs. Genotype-I crosses wk
Cz All crosses vs. mean of Esperia and Genotype-I ok
Cs All crosses vs. all parents *E *k ns *k ns
Cq Esperia crosses vs. best variety *k
Cs Genotype-I crosses vs. best variety ns
Cs All crosses vs. best variety *x
Cr All crosses vs. check variety (Gloria) ** ns ns *k ns
Cs All crosses vs. best variety wk ns * wE wH

*: Significant at P < 0.05 and **: Significant at P < 0.01. SCY: Seed cotton yield (g); GOT: Ginning out-turn (%); FL: Fiber
length (mm); FF: Fiber fineness (micronaire); F'S: Fiber strength (g tex'1).
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Table 4. Standard heterosis (%)
Cizelge 4. Standart heterosis degerleri (%)

Combinations SCY GOT FL FF FS

[(CA x ST) x (ST x CL)] x ES -7.66%* 5.83 -4.59 12.36%* 1.41
[(CA x ST) x (ST x CL)] x G1 -12.47%* 10.27%* 1.97 8.95% -3.58
[(JU x ST) x (GL x CR)] x ES -1.17 4.71 -0.94 5.05 1.30
[(JU x ST) x (GL x CR)] x G1 -1.31 11.58%* -2.33 10.25%* 0.65
[(CR x CA) x (GL x FL)] x ES -11.19%* 10.30** -4.62 14.41%* 1.74
[(CR x CA) x (GL x FL)] x G1 9.14%* 8.80%* -3.10 11.61%* -1.74
[(JU x ST) x (CR x CA)] x ES 7.00%* 5.08 -4.79 5.60 2.17
[(JU x ST) x (CR x CA)] x G1 -5.78%* 16.03** -2.62 10.79%* 0.98
[(ST x CL) x (GL x CR)] x ES 20.54%* 6.24* -3.56 3.62 5.86
[(ST x CL) x (GL x CR)] x G1 -11.84%* 10.80** 2.39 4.85 3.04
[(GL x FL) x (GL x CR)] x ES 2.41 6.60* -2.14 12.50%* 4.67
[(GL x FL) x (GL x CR)] x G1 9.25%* 15.64%* -2.27 14.28%* 0.76
[(CA x ST) x (GL x FL)] x ES -5.81%* 5.56 -0.30 10.66%* 3.04
[(CA x ST) x (GL x FL)] x G1 -7.68%* 12.76%* 0.61 7.04 3.26

*: Significant at P < 0.05 and **: Significant at P < 0.01. SCY: Seed cotton yield (g); GOT: Ginning out-turn (%);
FL: Fiber length (mm); FF: Fiber fineness (micronaire); FS: Fiber strength (g tex'1).

Fiber Strength

The use of favorable fiber strength improved both
ring- and open-end spinning and yarn strength
(Simpson & Murray, 1978), and modern textile
industries demand stronger, longer, finer, and more
uniform cotton fibers (Chapara & Madugula, 2021).
In our study, the highest fiber strength recorded in
32.50 g tex! [(ST x CL) x (GL x CR)] x ES and 32.13 g
tex! [(GL x FL) x (GL x CR)] x ES cross
combinations, while Claudia (33.90 g tex!), Julia
(33.13 g tex!) and Carmen (33.03 g tex!) were the
grandparents with the highest fiber strength (Table
2). When the mean of all crosses (31.22 g tex'!) was
compared with the grand mean of parents (31.42 g
tex!) and check variety, Gloria (30.70 g texl), the
differences were nonsignificant as confirmed by
orthogonal comparisons (Cs and C7), whereas all cross
combinations performed poorly against the best
variety, Claudia (Cs) (Table 3). The standard
heterosis of all cross combinations except [(CA x ST) x
(ST x CL)] x G1 and [(CR x CA) x (GL x FL)] x G1
indicated that a certain genetic improvement over
31.0 g tex! was achieved in the cross population
(Table 4). Sirisha et al. (2019) mostly detected
positive standard heterosis between -6.52% and
13.94%. In a study evaluating the mean performances
and standard heterosis for fiber strength, Chapara &
Madugula (2021) reported performance between 25.20
- 31.15 g tex! and significant and positive standard
heterosis in only 2 of the 20 crosses. When the
findings of our study and related literature are
evaluated together, standard heterosis varies widely,
depending on the performance of the parents used
and the standard variety used.

CONCLUSIONS

The F:i cross combinations of double cross Fs
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populations with variety (Esperia) or advanced line
(Genotype-I) were successful in terms of seed cotton
yield and ginning out-turn, whereas cross
combinations have evolved in the direction of coarse
fiber, and improvement in fiber length and strength
was limited. It was concluded that optimizing yield,
ginning out-turn and fiber quality is a challenge for
cotton breeding. Based on this information, [(ST-468
x Claudia) % (Gloria x Carisma)] x Esperia with high
yielding, medium-high ginning out-turn, fiber
fineness of 5.06 mic, fiber length of 29.08 mm and
fiber strength of 32.50 g tex! should be evaluated in
advanced generations. Genotype-I could be used as a
parent in breeding programs, aiming to increase
ginning out-turn. However, [(Gloria x Flash) x (Gloria
x Carisma)] x Genotype-I and [(Carisma x Carmen) X
(Gloria x Flash)] x Genotype-I hybrids have high
ginning out-turn, medium-high seed cotton yield but
coarse fibers. It would be beneficial to cross these
genotypes with Gossypium hirsutum L., Gossypium
barbadense L., or a hybrid of two species, which can
adapt in terms of fine fiber.
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OZET Tarla Bitkileri

Bu arastirma, Cukurova Bolgesi ikinci urin kogullarinda

yetistirilebilecek bazi inci dar1 (Pennisetum glaucum (L) R. Br.) Aragtirma Makalesi
¢esitlerinin ot verimleri ve baz1 agromorfolojik 6zelliklerinin belirlenmesi

amaciyla yuritilmistiir. Deneme, Cukurova Universitesi, Ziraat Makale Tarihgesi
Fakiiltesi, Tarla Bitkileri Bolumi Arastirma ve Uygulama arazisinde, Gelig Tarithi @ 25.11.2023

tesaduf bloklar:1 deneme desenine gore 3 tekerriirli olarak kurulmustur.
Arastirmada 5 adet inci dar1 gesidi (Ashana, Heveahri, White, Yellow,

Kabul Tarihi :04.01.2024

Tifleaf 3) test edilmistir. Arastirmada, bitki boyu, yesil ot verimi, kuru ot Anahtar Kelimeler
verimi, yaprak orani, sap c¢apr ve kardes sayisi bakimindan inci dari Inci dan

cesitleri arasinda 6nemli farkliliklar tespit edilmigtir. Ayrica, bitki boyu Ikinci iiriin

ile yesil ot verimi (0.9773**) arasinda c¢ok 6nemli ve olumlu, kuru ot Ot verimi

verimi (0.9562*%) arasinda 6nemli ve olumlu, yaprak orani (-0.9417%)

Agromorfolojik 6zellikler

arasinda 6nemli ve olumsuz; yesil ot verimi ile kuru ot verimi (0.9932%%)
arasinda cok énemli ve olumlu, yaprak orani (-0.9889*%*) arasinda cok
énemli ve olumsuz; kuru ot verimi ile yaprak orani (-0.9916**) arasinda
¢ok onemli ve negatif iliski oldugu saptanmagtir. Mevcut bulgular
dogrultusunda, inci dar1 gesitlerinin ikinci trin kosullarinda misir ve
sorguma alternatif olabilecegi, ot verimi bakimindan White ve Heveahri
cesitlerinin diger ¢esitlere gére daha tstiin oldugu, incelenen ¢esitlerin
ot kaliteleri ve silaj verimlerinin belirlenerek yeni arastirmalarin
yapilmasi gerektigi sonucuna varilmigtir.

A Research on the Forage Yield and Agromorphological Characteristics of Some Pearl Millet
(Pennisetum glaucum (L.) R. Br.) Cultivars under Second Crop Conditions in the Cukurova Region

ABSTRACT [Century 10] Field Crops

This study was conducted to determine the herbage yield and some

geomorphological characteristics of some pearl millet (Pennisetum Research Article

glaucum (L.) R. Br.) cultivars that can be grown under second-crop . .

conditions in the Cukurova Region. The experiment was established Artlc.le Hlstory'

according to a randomized block design with 3 replications in the research Received ) 25.11.2023
area of the Field Crops Department of the Agricultural Faculty, Accepted +04.01.2024
Cukurova University, Adana, Turkey. Five pearl millet cultivars Keywords

(Ashana, Heveahri, White, Yellow, and Tifleaf 3) were tested in the study.
In the study, significant differences were found among pearl millet
cultivars in terms of plant height, green forage yield, hay yield, leaf ratio,
stem diameter, and number of tillers. In addition, there were significant
and positive correlations between plant height and green herb yield
(0.9773**), significant and positive correlations between green forage
yield (0.9562%), significant and negative correlations between leaf ratio (-
0.9417%), significant and positive correlations between green forage yield
and hay yield (0.9932*%), significant and negative correlations between
leaf ratio (-0.9889**), and significant and negative correlations between
hay yield and leaf ratio (-0.9916**). In light of the present findings, it was
concluded that pearl millet can be an alternative to corn and sorghum in
second-crop conditions. White and Heveahri cultivars were superior to
other cultivars in terms of hay yield, and new research should be carried

Pearl millet

Second crop

Hay yield

Agromorphological characteristics
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out to determine the hay quality and silage yield of the cultivars

examined.
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GIRIS Akdeniz ikliminin hiikiim siirdiigii giiney kesimlerde

Turkiye'de, gelismekte olan tilkelerde oldugu gibi,
artan niifusa bagh olarak hayvansal trtunlere yonelik
talep her gegen giin artmaktadir. Hayvansal tirtinlere
artan talebin karsilanmasi i¢in hayvan sayisinin
yeterli dizeye getirilmesi ve hayvan bagina verimin
artirilmas1 gerekmektedir. Hayvan basmna verim;
hayvanin genetik potansiyeli, beslenme, barinma ve
hastalik ve zararlilar1 gibi faktorlerle iligkilidir.
Turkiye hayvanciliginda hayvanlarin beslenmesi ile
ilgili 6nemli problemler bulunmaktadir. Nitekim, 19.4
milyon BBHB'ine egdeger hayvan varliginin yagsama
pay1 icin gerekli olan yillik kaba yem miktariin (12
kg/giin masir silaji+ 2 kg/gin fig/yulaf + 3 kg/giin
saman) 120.8 milyon ton oldugu (Algicek, 2021) ve soz
konusu kaliteli kaba yemin yeterli diizeyde
tiretilemedigi bilinmektedir (Hatipoglu ve ark., 2020;
Acikgdz, 2021). Ciftlik hayvanlarinin yasama pay1
ihtiyaglarinin  yaninda  verim  paylarimin  bir
b6limiiniin de kargilanmasi ve kaba yemdeki arz-talep
dengesindeki acig1 kapatmak icin bircok secenek
bulunmaktadir. Bunlardan birisi de birim alanda
yiksek biyomas verimine ve biyomas kalitesine sahip
yiiksek verimli yembitkilerinin iiretilmesidir (Hassan
ve ark., 2014). Ozellikle iklim degisikligine kars:
adaptasyonu iyi olan, kabul edilebilir verimleri ve
kaliteleri nedeniyle darilar popiilerlik kazanmaktadir
(Jukanti ve ark., 2016).

Inci dan1 (Pennisetum glaucum (L.) R. Br.), Poaceae
familyasina ait yabanci doéllenen, ylksek heterosise
sahip tek wyillik sicak mevsim C4 bitkisidir
(Dumanoglu ve ark., 2022). Tirkiye'de heniiz
yetistiriciligi yapilmayan bu bitki, kurakliga ve sicaga
toleransi yuksek, fakir, kumlu ve tuzlu topraklarda
rahatlikla yetistirilebilmektedir (Benek & Geren,
2023). Inci darmmn, ézellikle giiney bolgelerde ikinci
urin kosullarinda yetigtirilen ve kaliteli kaba yem
kaynag1 olan silajik misirin su tiketiminin fazla
olmasi, sap ve kogan kurdu gibi zararh
poplilasyonunun yogun olmasi ve bu nedenle verim ve
yem kalitesinin diismesinden dolayl, s6z konusu
kogullarda misirin yerini alarak avantaj saglayacag
bildirilmistir (Hatipoglu & Tiikel, 2009; Yiicel & Yiicel,
2022). Bunlarin yaninda, inci darinin hidrosiyanik ve
prusik asit icermemesi sorgum ve sudan otuna
besinsel iistiinlikk saglamaktadir (Silungwe, 2011;
Lemus, 2015).
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yaz donemi ortalama sicakliklar Haziran ayindan
itibaren 25 °Cnin lizerine ¢ikmakta ve uzun streli
devam eden bu sicakliklardan dolayi serin mevsim
yembitkileri dormant hale gecmektedir (Dénmez,
2022). S6z konusu alanlarda bugiine kadar siirdiiriilen
arastirmalarda; serin donemlerde yetistirilebilecek
yembitkileri tiirlerinin saptanmasi amaciyla birgok
arastirma yurutilmis olmasina karsihik, misir ve
sorgum disinda yaz doéneminde yetistirilebilecek
yembitkisi turleri ile ilgili arastirmalar smirh
kalmigtar.

Bu arastirmada, Akdeniz ikliminin hiikim strdaga
bélgelerde ikinci turin kosullarinda yetistirilebilecek
biryilhik yembitkisi turlerinden olan inci darisi
(Pennisetum glaucum (L.) R. Br.) tiiriine ait baz
¢esitlerin performanslar: degerlendirilmigtir.

MATERYAL ve METOD

Deneme, Cukurova Universitesi Ziraat Fakiltesi
Tarla Bitkileri Bolimi Arastirma ve Uygulama
arazisinde (37° 01' 00" N, 35° 21' 42" E, Deniz
seviyesinden yiikseklik 35 m), 2018 ve 2019 yetistirme
mevsimi ikinei Urin kosullarinda 2 yil sureyle
yurutilmustir. Deneme alanindan alinan toprak
ornekleri Cukurova Universitesi Ziraat Fakiiltesi
Toprak Boluimi laboratuvarinda incelenmis ve
deneme alanm topraklarinin kili yapida ve agir biinyeli
oldugu, kire¢ oraninin (%27.9) oldukca yiiksek, pH1nin
7.40, organik madde (%1.9) ve fosfor (29 kg ha)
bakimindan fakir, potasyum (713 kg ha'!) bakimindan
ise oldukca zengin oldugu ortaya cikmistir (Kizilkaya,
2020).

Aragtirmanmin yurutildigi Adana iline ait 2018 ve
2019 yillar ile uzun yillar ortalamas1 Haziran-Ekim

dénemi iklim degerleri Cizelge 1'de verilmistir
(Anonim, 2019).
Cizelge 1 izlendiginde, 2018 yilinda gerceklesen

toplam yagis (100.6 mm), uzun yillar ortalamas:
gerceklesen yagis toplamina (92.0 mm) gére daha
yiksek olurken, 2019 yilinda gerceklesen toplam
yagisin (77.3 mm) uzun yillar ortalamas1 gerceklesen
yagis toplamindan daha dasik oldugu
anlagilmaktadir. Bunun yaninda, 2018 ve 2019
yillarinda ortalama sicaklik ve ortalama nispi nem
degerlerinin sirasiyla 27.2 °C-27.3 °C ve %66.2-%65.8
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olarak gerceklestigi ve uzun yillar ortalama sicaklik ve
nispi nem degerlerine goére her 1ki yetigtirme

mevsiminin de daha sicak ve daha nemli oldugu ortaya
¢ikmigtir.

Cizelge 1. Aragtirmanin ytrutildiga Adana iline ait iklim verileri
Table 1 Climatic data of Adana province where the research was conducted

Toplam Yagis (mm)

Ortalama Sicaklik (°C)

Ortalama Nispi Nem (%)

Aylar Total precipitation (mm) Average temperature (°C) Relative humidity (%)
Months UYO* UYO UYO

[yar 2018 2019 [yA* 2018 2019 [y A* 2018 2019
Haziran 205 256 21.3 925.6 26.4 27.1 66.5 70.2 68.7
June
Temmuz 6.5 0.0 30.9 928.2 29.1 928.4 69.0 69.8 68.8
July
Agustos 5.4 0.0 0.0 28.7 29.6 29.6 68.5 68.8 68.0
August
Eylil 17.4 1.3 4.0 26.1 27.9 27.3 63.5 63.6 62.1
September
Ekim 42.2 73.7 21.1 21.7 22.9 24.2 60.7 58.6 61.6
October
Top./Ort.
TotVAve 92.0 100.6 77.3 26.1 27.2 27.3 65.7 66.2 65.8

*Uzun yillar ortalamas1 (Long year average)

Arastirmada, Sudan orjinli dért adet (Ashana,
Heveahri, White, Yellow) ve ABD orijinli bir adet
(Tifleaf 3) olmak iizere toplam bes adet inci dari
(Pennisetum glaucum (L.) R. Br.) ¢esidi kullanilmistar.
Deneme, tesadif bloklar1 deneme desenine goére, 3
tekerrirli olarak tesis edilmistir. Denemede, sira
aralign 70 cm ve siwra lzeri mesafe 10 cm olarak
belirlenmis ve her parsel 5 m uzunlugunda 4 siradan
olusmugtur. Ekim iglemi, her iki yetigtirme
mevsiminde de ikinci Grin kogullar: dikkate alinarak,
2018 yilinda 24 Haziran ve 2019 yilinda 26 Haziran
tarihinde gergeklestirilmigtir. Ekim igleminden 15 giin
sonra sira uizeri mesafenin 10 cm olmasi i¢in seyreltme
ve asilama yapilmigtir. Her iki yetistirme mevsiminde

de 85 kg hal saf N ve 85 kg ha'l saf P20s olacak sekilde
deneme alaninda giubreleme yapilmigtir. Azotun yarisi
ve fosforun tamami ekimle birlikte, azotun diger yarisi
ise bitkilerin 20-25 c¢cm oldugu donemde tist gubre
olarak sira aralarina uygulanmigtir. Arastirmanin
yurutuldiga yillarda gerektikce elle yabanci ot
miicadelesi yapilmis olup, ekim sonrasi ¢ikis saglamak
icin ve bitkinin ihtiyacina goére belirli araliklara
sulama (salma sulama) yapimistir. Arastirmada
hasat cesitlerin ciceklenme doneminde
gerceklestirilmigtir. Test edilen gesitlerin gigeklenme
tarihleri farklilik gostermis olup, cesitlerin hasat
tarihleri Cizelge 2’de verilmigtir.

Cizelge 2. Arastirmada incelenen inci dari ¢esitlerinin hasat tarihleri
Table 2 Harvest dates of pearl millet varieties examined in the study

Yetigtirme Mevsimi

Inci Dan Cesitleri ve Hasat Tarihleri
Pearl millet cultivars and harvest dates

Growing season

Ashana Heveahri White Yellow Tifleaf 3
2018 22.08.2018 10.10.2018 10.10.2018 10.10.2018 22.08.2018
2019 24.08.2019 25.09.2019 01.10.2019 25.09.2019 30.08.2019

Denemede, parsel baglarindan 50 cm ve parselin her
iki kenarindan birer sira kenar tesiri olarak atildiktan
sonra, ortada bulunan 2 siradan tesadiifi olarak
secilen 5 bitkide bitki boyu 6lgtilerek kaydedilmis ve bu
bitkiler 10 cm ylUkseklikten bigilerek tartilmigtir. Her
parselde kenar tesiri atildiktan sonra geriye kalan
ortadaki 2 sirada tim bitkiler bicilip tartilmis ve 5
bitkinin agirliklarn da eklenerek parselin yesil ot
agirhigi belirlenmigtir. Gerekli dontustimler yapilarak
cesitlerin hektara yesil ot verimleri hesaplanmigtir.
Hasat edilen yesil bitkilerden ortalama 500 g 6rnek
alinmis ve 6nce 10 glin siireyle acik havada, ardindan
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70 °C’de 24 saat etiivde kurutularak gesitlerin kuru
agirliklar ve kuru ot oranlari belirlenmigtir. Gerekli
dontisimler yapilarak her g¢esidin hektara kuru ot
verimleri hesaplanmistir. Her parselden tesadufi
olarak secilen ve bitki boyu o&lgiillen 5 bitkinin her
birinde kardes sayilar1 belirlenmis ve kardes sayisi
olarak kaydedilmistir. Ayrica, sé6z konusu bitkilerde
ana sapin 2. ve 3. bogum aras1 kumpas yardimiyla
olgtilmiis ve sap cap1 olarak kaydedilmistir. Sap ¢ap1
6lcilen 5 bitkinin yapraklari, yaprak kinindan
koparilmig ve ayni bitkilerin yapraklar: ve saplari ayri
ayr1 70 °Cde etiivde kurutulmustur. Kurutulan
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yaprak ve sap ornekleri tartilmig ve asagida aciklanan
Esitlik 1 yardimiyla yaprak orani hesaplanmagtir.

Yaprak Orani (%): Kuru yaprak agirhigy/Kuru agirlik

toplami (1

Aragtirmadan elde edilen verilere, MSTAT-C
(Michigan State University V.2.10) istatistik paket
programinda varyans analizi uygulanmistar.

Istatistiksel olarak 6nemli ¢ikan 6zellik ortalamalari

P<0.05 o6nem diizeyinde Duncan testi ile
karsilastirilmigtir. Incelenen ozelliklerin arasmdaki
ikili iligkiler, korelasyon katsayilariyla tanimlanmigtir
(Yurtsever, 2011).

BULGULAR ve TARTISMA

Bu Arastirmada test edilen inci dar1 gesitlerinin ot
verimi ve baz1 agromorfolojik 6zelliklerine uygulanan
varyans analiz sonuclari, Cizelge 3’te verilmistir.

Cizelge 3. Inci dar cesitlerinde saptanan ot verimi ve bazi agromorfolojik ézelliklerine uygulanan varyans analiz

sonuglari

Table 3 Results of analysis of variance applied to forage yield and some geomorphological characteristics of pearl

millet cultivars

Deneme ]%iil;izzlilk Bitki Boyu Yesil Ot Verimi Kuru Ot  Yaprak Sap Cap1 IS{:r(iS(:$
Faktorleri Degrees of Plant Green forage Verimi Oram Stem Ng; ber
Source Froedom height yield Hay yield Leafratio  diameter of tillers
Tekerriir 241.7 66.6 3.7 1.0 2.4 0.1
Replication

X;lelar 1 15919.7** 37153.6%* 2680.4%* 0.7 66.6%* 3.7%*
Cesit o ok % ok o ok
Cultivar 21073.4 37301.9 4103.3 238.4 4.9 29.5

Yil x Cegit

Year x 4 13736.8*%* 7863.8%* 884.3%* 216.7%* 3.7* 2.3%*
cultivar

Hata 18 496.8 226.0 22.8 3.6 0.8 0.4
Error

V.K. (%)

CV. (%) 7.74 6.39 8.98 5.78 6.07 13.32

*: p<0.05, **: p<0.01

Cizelge 3 izlendiginde, yil ve ¢esit faktori ile yil x cesit
interaksiyonunun inci dari ¢esitlerinin bitki boyu,
yesil ot verimi, kuru ot verimi, sap capi ve kardes
sayis1 uzerinde istatistiki olarak énemli derecede fark
yarattigl, yaprak orani lizerine ise cesit ve yil x cesit
interaksiyonunun etkisinin istatistiki olarak 6nemli
oldugu ortaya gikmagtir.

Bitki Boyu (cm)

Arasgtirmada test edilen inci dari ¢esitlerinde saptanan
bitki boyu ortalamalar1 Cizelge 4’te verilmigtir. Cizelge
4’te 1izlendigi gibi, arastirmanin birinci yilinda
312.2427.2 cm olan Dbitki boyu ortalamasi,
arastirmanin ikinci yilinda 6nemli derecede daha
disiik deger gostermis ve 265.046.6 cm olarak
saptanmagtir. Yillar arasindaki bu farkin, Heveahri,
Yellow ve White c¢esitlerinin ikinci yildaki hasat

tarihlerinin, birinci yila goére 10-15 giin Once
yapilmasinin neden oldugu sdylenebilir.
Aragtirmanmin  yurutulduga iki yilda saptanan

degerlerin ortalamasina gore, White (354.5+33.4 cm)
cesidi, test edilen diger inci dar1 ¢esitlerine gére 6nemli
derecede daha yiiksek bitki boyu ortalamas:
gosterirken, Tifleaf 3 (200.3£17.7 cm) cesidi, test edilen
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diger inci dar1 gesitlerine gére 6nemli derecede daha
dusik bitki boyu ortalamasi géstermistir. Heveahri
(318.4+32.0 cm) ve Yellow (321.5+17.9 cm) cesitlerinde
ise birbirinden istatistiksel olarak O6nemli derecede
farkli olmayan bitki boyu ortalamalar1 saptanmigtir.
Aragtirmadan elde edilen bitki boyu degerleri, Izge ve
ark. (2007)nin (137.43-218.71 cm), Govindaraj ve ark.
(2011)'min  (149.00-250.00 cm) ve Shah ve ark.
(2012)'n1n (143-227 cm) elde ettikleri degerlerden daha
yiksek bulunmustur. Arastiricilarin elde ettikleri
bulgularin, arastirmadan elde edilen bulgulardan
farkli olmasi, arastirmalarda kullanilan cesit ve
genotiplerin farkli genetik yapida olmasi, ekolojik
faktorlerin farkli olmasi ve yetistirme tekniklerinin
farkliligi ile agiklanabilir.

Aragtirmada, yil x ¢esit interaksiyonu bitki boyu
uzerinde 6nemli derecede fark yaratmigtir. Nitekim,
Ashana ve Tifleaf 3 inci dar ¢esitlerinin bitki boyu
ortalamas1 birinci yila gore ikinci yilda O6nemli
derecede daha yiksek deger gostermesine karsilik, s6z
konusu inci dar1 ¢esitleri digindaki cesitlerin bitki
boyu ortalamalarinin birinci yila gore, ikinci yilda
onemli derecede daha diisiik deger gosterdigi ortaya
cikmigtir. Santos ve ark. (2020), inci darinin hasat
zamani geciktikge bitki boyunun giinlik olarak
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yaklagik 2.4 cm arttigimn  bildirmiglerdir. Bu
baglamda, arastirmada test edilen inci dan
cesitlerinin farkli tarihlerde c¢igeklenmeye ulagmalar:
nedeniyle hasat tarihlerinin yildan yila farkli olmasi

(Cizelge 2), cesitlerin yillara gore bitki boyu
ortalamalarinin farklilik géstermesine neden oldugu
soylenebilir.

Cizelge 4. Inci dar gesitlerinde saptanan bitki boyu (cm) ve yesil ot verimi (t ha!) ortalamalar:
Table 4 Means of plant height (cm) and green forage yield (t ha'!) of pearl millet cultivars

Bitki Boyu (cm) Yesil Ot Verimi (t ha't)
Cesitler Plant height (cm) Green forage yield (t hal)
Cultivars 2018 2019 Ortalama 2018 2019 Ortalama

Average Average

Ashana 227.245.4 {2 269.448.9 de 248.3+10.5 C?1 50.4+0.8 d2 50.5+0.3 d 50.5+0.4 C1
Heveahri 389.6£5.1 b 247.343.9 ef 318.4+32.0 B 91.942.2 a 73.0£0.9 ¢ 82.5+4.3 AB
White 429.2+2.7 a 279.7+0.4 d 354.5+33.4 A 95.2+3.4 a 72.8+0.6 ¢ 84.0+5.2 A
Yellow 352.0+15.6 ¢ 291.1+20.7 d 321.5+17.9 B 86.2+1.8b 73.5+1.6 ¢ 79.8+£3.0 B
Tifleaf 3 163.2+13.8 g 237.4+0.7 f 200.3+17.7D 35.56+2.2 e 46.6+0.7 d 41.1+£2.7D
Ortalama 5,9 9,979 A+ 265.0:6.6B 71.846.5 A*  63.3:+3.2B
Average

+ Benzer harflerle gosterilen “Yil” ortalamalar arasinda istatistiki olarak fark yoktur
1.2 Benzer harflerle gosterilen ortalamalar arasinda Duncan testine gore P<0.05 hata sinirlari i¢cinde istatistiki olarak fark

yoktur

Yesil Ot Verimi (t ha?)

Iki yil siirdirillen arastirmada saptanan inci dar
cesitlerinin yesil ot verimi ortalamalar1 Cizelge 4’te
verilmigtir. Cizelge 4’te goruldugi tizere, yesil ot
verimi ortalamasi arastirmanin yurutildigi birinci
yilda 71.846.5 t ha! olarak gerceklesirken, ikinci yi1lda
birinci yila gére 6nemli derecede daha dugik deger
gostermis ve 63.3+3.2 t hal olarak gerceklegmistir.
Yillar arasindaki bu farkliliga, arastirmanin birinci
yilinda saptanan bitki boyunun, arastirmanin ikinci
yilina goére daha yliksek olmasinin neden oldugu
soylenebilir. Nitekim bitki boyu ile yesil ot verimi
arasinda o6nemli ve olumlu iligkilerin oldugu
goriilmektedir (Cizelge 7). Benzer bulgular Aswini ve
ark. (2023) tarafindan da bildirilmektedir.

Iki yillik ortalamaya gore White cesidinde (84.0+5.2 t
ha'1), Heveahri cesidi (82.5+4.3 t ha'!) haric, test edilen
diger inci dar1 cesitlerine gore 6nemli derecede daha
yiksek yesil ot verimi ortalamasi tespit edilmigtir.
Tifleaf 3 cesidinde (41.1+£2.7 t ha'l) ise, test edilen diger
cesitlere gore onemli derecede daha dusiik yesil ot
verimi  ortalamasi  saptanmigtir. Arastirmada
saptanan yesil ot verimi degerleri, bazi arastiricilarin
(Abd El-Lattief, 2011; Kaur & Goyal, 2019)
saptadiklar: yesil ot verimi degerlerine kismen benzer,
baz1 arastiricilarin (Shekara ve ark., 2019; Talasila ve
ark., 2019) saptadiklar1 yesil ot verimi degerlerinden
ise yliksek oldugu ortaya ¢ikmigtir. Aragtirmadan elde
edilen yesil ot verimi degerlerinin, aragtiricilarin elde
ettikleri yesil ot verimi degerlerinden farkli olmasi,
arastirmalarda kullanilan inci dar gesitlerinin farkh
genetik yapida olmasi, yetistirme tekniklerinin

farklilik gostermesi ve ekolojik farkhliklar ile
aciklanabilir.
Iki yil sirdirilen arastirmada, yi x cesit

interaksiyonunun istatistiki olarak o6nemli oldugu
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ortaya cikmistir. Nitekim, Heveahri, White ve Yellow
cesitlerinin yesil ot verimi ortalamasi birinci yila gore
ikinci yilda o6nemli derecede daha dusiuk deger
gostermesine karsilik, Tifleaf 3 ¢esidinin yesil ot
verimi ortalamasi birinci yila gére ikinci yilda 6nemli
derecede daha yiiksek deger gostermis, Ashana
¢esidinin yesil ot verimi ortalamasi ise iki deneme
yilinda birbirinden istatistiki olarak 6nemli derecede
farklihk gostermemistir. Inci darmmin fotoperiyoda
duyarl kisa giin bitkisi olmasi (Soler ve ark., 2008;
Salama ve ark., 2020; Yiicel & Yiicel, 2022) ve
cesitlerin, asimilatlarin daha etkili kullanimi ig¢in
olanak saglayan ve Dbitkiyi destekleyen farkl
fotoperiyot dénemine maruz kalmas1 (Maas ve ark.,
2007; Mason ve ark., 2015), inci dari cesitlerinin
yillara gore farkli yesil ot verimi degeri
gbstermelerinin nedeni olarak gosterilebilir.

Kuru Ot Verimi (t ha')

Ikinci iriin sartlarinda tesis edilen denemeden
saptanan 1inci dar1 c¢esitlerinin kuru ot verimi
ortalamalar1 Cizelge 5'te verilmistir. Cizelge 5
incelendiginde, inci dar1 gesitlerinin kuru ot verimi
ortalamasinin birinci yila (16.0£2.2 t ha'l) gére, ikinci
yilda (13.8+1.1 t hal) énemli derecede daha diisiik
deger gosterdigi ortaya ¢ikmigtir. Aragtirmanin birinci
yilina gore, ikinci yilindaki yesil ot verimi
ortalamalarinin diisik olmasi, kuru ot verimi
ortalamalarinin da arastirmanin birinci yilina gére
ikinci yilinda diisiik olmasina neden olmustur. Yesil ot
verimi ile kuru ot verimi arasinda énemli ve olumlu
iligkilerin oldugu Cizelge 7’de gorulmektedir. Benzer
bulgular Aswini ve ark. (2023) tarafindan da
bildirilmektedir.

Iki y1l siirdiirilen arastirmada, White (20.3+2.1 t ha'?)
cesidi, Heveahri cesidi (19.9+0.8 t ha!) harig, test
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edilen diger c¢esitlere gére o6nemli derecede daha
yiksek kuru ot verimi ortalamasi géstermistir. Yellow
cesidinde (19.5£0.7 t ha'l) ise Heveahri gesidi ile
birbirinden istatistiki olarak 6nemli derecede farklh
olmayan, ancak Ashana (7.9+0.2 t ha?) ve Tifleaf 3
(6.9+1.1 t ha'l) cesidinden istatistiki olarak 6énemli
derecede daha yiiksek kuru ot verimi ortalamasi tespit
edilmigtir. Arastirmadan tespit edilen kuru ot verimi
degerleri, Shahin ve ark. (2013) (3.78-10.71 t ha'l),
Choudhary ve ark. (2017) (7.29-12.05 t ha'),
Makarana ve ark. (2018) (9.78-14.83 t ha'l) ve Noor ve
ark. (2018)'nin (11.57-13.67 t ha'!) tespit ettikleri kuru
ot verimi degerleriyle kismen uyum igerisinde oldugu
gorilmektedir.

Inci darn cesitlerinin ikinei iiriin olarak tesis edildigi
arastirmada, yil x ¢esit interaksiyonunun kuru ot
veriminde oOnemli derecede fark yarattigi ortaya
¢ikmigtir. Nitekim, Ashana cesidinin kuru ot verimi
ortalamas1 deneme yillarina baghh olarak Onemli
derecede farklilik gostermemesine karsilik, Heveahri,
White ve Yellow gesitlerinin kuru ot verimi ortalamasi
denemenin birinci yilina goére ikinci yilinda 6nemli
derecede daha dusik deger gostermigtir. Tifleaf 3
¢esidi ise ikinci yilda birinci yila gére 6nemli derecede
daha yiiksek kuru ot verimi vermistir. Arastirmada,
test edilen c¢esitlerin kuru ot verimi degerlerinin
yillara bagh olarak degisimi, yesil ot verimindeki
degisimle uyumlu olmustur.

Cizelge 5. Inci dar gesitlerinde saptanan kuru ot verimi (t ha'?) ve yaprak oram (%) ortalamalar:
Table 5 Means of hay yield (t ha'!) and leaf ratio (%) of pearl millet cultivars

Kuru Ot Verimi (t ha') Yaprak Orani1 (%)
Cegitler Hay yield (t ha') Leaf ratio (%)
Cultivars 2018 2019 Ortalama 2018 2019 Ortalama

Average Average

Ashana 7.8+0.3 f2 8.1+0.2 f 7.9+0.2 Ct 41.8+0.7 b2 36.0£1.0 ¢ 38.9+1.4 B!
Heveahri 21.8+0.1b 18.0+£0.2 ¢ 19.9+0.8 AB 23.6£0.1f 31.9+0.5 d 27.7+£1.9 C
White 24.9+0.5 a 15.7+0.3 d 20.3+2.1 A 25.7+0.5 e 32.1+1.0d 28.9+1.5C
Yellow 21.0+£0.5b 17.9+0.2 ¢ 19.5£0.7 B 22.3+0.6 f 33.0+0.6 d 27.7£2.4 C
Tifleaf 3 4.4+05 ¢ 9.4+0.2 e 6.9+1.1D 50.6+0.8 a 31.3+0.7 d 41.0+4.3 A
Ortalama 16.042.2 A*  13.8+1.1 B 32.8+3.0 32.940.5
Average

1.2 Benzer harflerle gosterilen ortalamalar arasinda Duncan testine gére P<0.05 hata sinirlar: iginde istatistiki olarak fark

yoktur

Yaprak Orani (%)

Ikinci triin kosullarinda iki yil siireyle tesis edilen
denemelerden saptanan inci dar1 ¢esitlerinin yaprak
orani ortalamalar1 Cizelge 5te verilmigtir. Cizelge 5
izlendiginde, 2018 yilinda yaprak oranm ortalamasinin
%32.8+3.0 olarak, 2019 yilinda ise %32.9+0.5 olarak
gerceklestigi ve yaprak orani ortalamasinin deneme
yillarina gore istatistiki olarak birbirinden 6nemli
derecede farklhlik gostermedigi ortaya cikmagtir.

Iki yil siirdiirilen arastirmada, Tifleaf 3 cegidi
%41.0+4.3 yaprak orani ortalamas: ile, test edilen
diger gesitlere gore 6nemli derecede daha yliksek deger
gosterirken, s6z konusu c¢esidi %38.9+1.4 yaprak orani
ortalamas1 ile Ashana c¢esidi izlemigstir. Tifleaf3
cesidinin bitki bagina yaprak sayisinin fazla olmasi,
aynmi bitkinin kardes sayisinin fazla olmasindan
kaynaklanmis olabilir (Cizelge 6). White, Heveahri ve
Yellow cesitleri ise istatistiki olarak birbirinden farkl
olmayan yaprak orani ortalamasi gostermislerdir.
Ancak, yaprak oram1 acgisindan yil x ¢esit
interaksiyonunun istatistiki olarak 6nemli ¢ikmasi,
yillarin yaprak orani iizerindeki etkisinin cegitlere
baglh olarak ¢nemli derecede farklhilik gosterdigini
ortaya koymaktadir. Nitekim, Ashana ve Tifleaf 3 inci
dar1 gesitlerinin yaprak orani ortalamasi 2018 yilina
gore 2019 yilinda 6nemli derecede daha diisiik deger
gostermesine karsilik, Heveahri, White ve Yellow inci
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dar gesitlerinin 2018 yilina gére 2019 yilinda énemli
derecede daha yiiksek yaprak orani degerleri
gosterdikleri ortaya gikmigtir. Craufurd ve Bidinger
(1988), inci darmin vejetatif asama siiresi uzadikca
ana sap gelisiminin arttigini ancak ana sap
gelisiminin artmasiyla golge olusumunun da artarak
yaprak turetiminin durmasmna neden oldugunu
bildirmiglerdir. Bu baglamda, arastirmada test edilen
inci dari ¢esitlerinin vejetatif agama siirelerinin yillara
gore farkl olmasi, cegitlerin yaprak orani degerlerinin
yillara goére farklilik gostermesine neden oldugu
soylenebilir.

Sap Cap1 (mm)

Ikinci tiriin kosullarinda iki yil tesis edilen denemede
inci dar1 gesitlerinden saptanan sap ¢api ortalamalar:
Cizelge 6’da verilmigtir. Cizelgede izlendigi tzere,
gesitlerin sap c¢ap1 ortalamasi 2018 yilinda 16.2+0.4
mm olurken, 2019 yilinda sap ¢ap1 ortalamasi1 2018
yilina gore oOnemli derecede daha diisik deger
gostermig ve 13.4+0.4 mm olarak gergeklesmigtir.

Iki yilik ortalama degerlere gore, Ashana cesidi
(16.1£0.9 mm), test edilen diger cesitlere gére 6nemli
derecede daha ylksek sap c¢api degeri gosterirken,
Yellow cesidinin (13.7+0.2 mm), Tifleaf 3 cesidi
(14.3+1.1 mm) haric, test edilen diger cesitlere gore
o6nemli derecede daha diisiik sap ¢ap1 degeri gosterdigi
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tespit edilmistir. Arastirmadan elde edilen sap capi
degerlerinin, baz1 arastiricilarin (Hassan ve ark.,
2014; Uhunomwan Omoregie ve ark., 2020) elde
ettikleri sap ¢ap1 degerleri ile kismen uyum igerisinde
oldugu, baz1 arastiricilarin (Piri & Tavassoli, 2012;

Noor ve ark., 2018) elde ettikleri sap cap1
degerlerinden ise yiksek oldugu anlagilmigtir.
Aragtirmadan elde edilen sap cap1 degerlerinin,

arastiricilarin elde ettikleri sap ¢api1 degerlerinden
farkli olmasi, arastirmalarda kullanilan ¢esitlerin
farkli genetik yapida olmasi, yetistirme tekniklerinin
farkli olmasi ve ekolojik kogullarin farklilik géstermesi
ile agiklanabilir.

Arastirmada, yil x cesit interaksiyonunun sap capi
uzerinde o©nemli derecede fark yarattiglr ortaya
¢ikmigtir. Nitekim, Heveahri ve Yellow inci dar
gesitlerinin sap ¢ap1 ortalamasi deneme yillarina bagh
olarak onemli derecede farklilik gostermemesine
karsilik, Ashana, White ve Tifleaf 3 inci dan
gesitlerinin sap ¢ap1 ortalamasi 2018 yilina gore, 2019
yilinda istatistiki olarak énemli derecede daha diisiik
deger gostermistir. Bu durum, inci dari gesitlerinin
yillar itibariyle vejetatif agsama stirelerinin farkl
olmasi ile aciklanabilir.

Cizelge 6. Inci dar1 gesitlerinde saptanan sap ¢ap1 (mm) ve kardes sayis: (adet/bitki) ortalamalary
Table 6 Means of main stem diameter (mm) and number of tiller (number/plant) of pearl millet cultivars

Sap Cap1 (mm)

Kardes Sayis1 (adet/bitki)

Cegitler Stem diameter (mm) Number of tillers (number/plant)

Cultivars 2018 2019 Ortalama 2018 2019 Ortalama
Average Average

Ashana 17.9+0.2 a2 14.4+0.8 cd 16.1+0.9 A! 4.4+0.2 be2 3.8+0.1cd 4.1+0.2 BC!

Heveahri 15.5+0.2 be 14.6+1.1cd 15.1+0.5 B 4.8+0.3 be 2.6£0.2 e 3.7+0.5 C

White 17.1£0.1 a 12.9+40.4 ef 15.0+1.0 B 4.140.1 ¢ 5.4+0.6 b 4.8+0.4 B

Yellow 13.9+£0.3 de  13.4+0.1de 13.7+0.2C 3.8+0.1 cd 3.0+0.2 de 3.4+0.2 C

Tifleaf 3 16.7+0.1ab  11.8+0.4 f 14.3+1.1 BC 9.4+0.1 a 8.5+0.6 a 9.0£0.3 A

Ortalama 16.2:0.4 A* 13.4+0.4 B 5.3+0.6 A* 4.7¢0.7 B

Average

+ Benzer harflerle gosterilen “Yil” ortalamalar arasinda istatistiki olarak fark yoktur
1.2 Benzer harflerle gosterilen ortalamalar arasinda Duncan testine gére P<0.05 hata sinirlar: iginde istatistiki olarak fark

yoktur

Kardes Sayis1 (adet/bitki)

Ikinci triin kosullarinda yetistirilen farkli inci dar
cesitlerinde saptanan kardes sayisi ortalamalar:
Cizelge 6’da verilmistir. Cizelge 6’da goruldugi tzere,
cesitlerin kardes sayisi ortalamasinin 2018 yilinda
5.3+0.6 adet/bitki olarak gercgeklestigi, 2019 yilinda
kardes sayis1 ortalamasinin 2018 yilina gore istatistiki
olarak onemli derecede daha disiik deger gosterdigi ve
4.7+0.7 adet/bitki olarak gerceklestigi ortaya ¢ikmistir.

Arastirmada, Tifleaf 3 inci dar1 cesidinde (9.0+0.3
adet/bitki), test edilen diger inci dar1 gesitlerine gore
onemli derecede daha yuksek kardes sayisi ortalamasi
tespit edilmistir. Yellow cesidinde (3.4+0.2 adet/bitki)
ise, Heveahri (3.7+£0.5 adet/bitki) ve Ashana (4.1+0.2
adet/bitki) cesitleri haric, diger cesitlere goére 6nemli
derecede daha diisiik kardes sayisi ortalamasi tespit
edilmigtir. Ancak, kardes sayis1 agisindan yil x gegit
interaksiyonunun énemli olmasi, yillarin kardes sayisi
uzerindeki etkisinin g¢esitlere baglh olarak o6nemli
derecede farkhilik gosterdigini ortaya koymaktadir.
Nitekim, Ashana, Yellow ve Tifleaf 3 gesitlerinin
kardes sayisi ortalamasi deneme yilina bagh olarak
onemli derecede farklilik gostermezken, Heveahri
cesidinin 2019 yilinda kardes sayisi ortalamasinin
2018 yilina gore 6nemli derecede daha diisiik deger
gosterdigi, White ¢esidinin ise 2019 yilinda kardes
sayis1 ortalamasinin 2018 yilina gére énemli derecede
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daha yiiksek deger gosterdigi ortaya ¢ikmagtir.

Arastirmadan elde edilen kardes sayis1 degerleri, bazi
arastiricilarin (Bouchard ve ark., 2011; Obeng ve ark.,
2012; Shah ve ark., 2012) elde ettikleri kardes sayisi
degerlerinden yiiksek oldugu ortaya c¢ikmigtir.
Arastirmadan elde edilen kardes sayisi degerlerinin,
arastiricilarin elde ettikleri  kardes sayisli
degerlerinden yiiksek bulunmasi, arastirmalarda
kullanilan inci dar1 cesitlerinin farkl genetik yapida
olmasi, yetistirme tekniginin farkli olmasi ve ekolojik
kogullarin farklilik géstermesi ile agiklanabilir.

Incelenen Ozellikler Arasindaki iliskiler

Ikinci {triin  kosullarinda yetigtirilen inci dar
cesitlerinde incelenen 6zellikler arasindaki korelasyon
katsayilari, Cizelge 7’de verilmigtir.

Cizelge 7’de izlendigi gibi, bitki boyu ile yesil ot verimi
(0.9773**) arasinda cok 6nemli ve olumlu ve kuru ot
verimi (0.9562*%) arasinda o6nemli ve olumlu iligki
oldugu ortaya ¢ikmigtir. Bu durum, bitki boyunun
artmasiyla yesil ot ve kuru ot veriminin arttigini
ortaya koymaktadir. Bitki boyu ile yaprak orani (-
0.9417*%) arasinda 6nemli ve olumsuz iliski oldugu
tespit edilmigtir. Bu sonug, bitki boyu arttikga gélge
olusumunun artmasindan dolayr yaprak tretiminin
durdugunu bildiren Craufurd ve Bidinger (1988)’in
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Cizelge 7. Inci dar ¢esitlerinde incelenen 6zellikler arasindaki korelasyon katsayilar:
Table 7 Correlation coefficients between the traits examined in pearl millet cultivars

Bitki Boyu Yesil Ot Verimi Kur.u Qt Yaprak Oran: Sap Cap1 Kardes Say1s1
Plant Green forage  Verimi Leaf ratio Stem Number of tillers
height yield Hay yield diameter

Bitki Boyu

Plant height 1.0000

Yesil Ot Verimi .

Green forage yield 0.9773 1.0000

Kura Ot Verimi ) g 60. () gggous 1.0000

Hay yield

Yaprak Oram -0.9417%  -0.9889%* -0.9916%* 1.0000

Leafratio

Sap Cap -0.0887  -0.1970 -0.3003 0.3003 1.0000

Stem diameter

Kardes Sayis1 i i i i

Number of tillers 0.7368 0.7197 0.6494 0.7162 0.2277 1.0000

*: p<0.05, **: p<0.01

bulgularini destekler niteliktedir. Yesil ot verimi ile
kuru ot verimi (0.9932**) arasinda c¢ok onemli ve
olumlu iligki, yesil ot verimi ile yaprak orami (-
0.9889**) arasinda cok 6nemli ve olumsuz iligki oldugu
ortaya cikmigtir. Yesil ot verimi ile kuru ot
verimindeki artigin paralellik géstermesi beklenen bir
durumdur. Kuru ot verimi ile yaprak orani (-0.9916%%*)
arasinda c¢ok oOnemli ve negatif iliski oldugu
saptanmigtir. Arastirmadan elde edilen bu bulgularin,
Vidyadhar ve ark. (2007), Kumar ve ark. (2014) ve
Kumawat ve ark. (2019)nin bulgular1 ile uyum
icerisinde oldugu ortaya ¢ikmastir.

SONUC ve ONERILER
Ikinci trtin kosullarinda iki yil siirdiirilen
arastirmanin sonucunda, test edilen inci dari

cesitlerinin, Akdeniz ikliminin hiikiim strdagi sahil
bélgelerinde yaz doneminde kaba yem kaynag
olabilecegi, sorgum ve misira alternatif olarak
degerlendirilebilecegi  ortaya  ¢ikmistir. Bunun
yaninda, White ve Heveahri inci dar cesitlerinin ot
verimi bakiminda diger cesitlerden {tstin oldugu
anlagsilmigtir. Mevcut bulgularin yaninda, incelenen
cesitlerin ot kaliteleri ve silaj verimlerinin belirlenerek
yeni arastirmalarin yapilmasi gerektigi sonucuna
varilmigtir.

Aragtirmacilarin Katk: Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmas1 Beyan1i
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catigsmasi olmadigini beyan ederler.
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OZET Tarla Bitkileri

Bu arastirma Erzurum, Erzincan ve Bayburt illerinin kesisiminde yer

alan Kop Dagi meralarinda 2019 ve 2020 yillarinda yuratilmustir. Aragtirma Makalesi
Calisma ile Kop Daginin 1871-2468 m yuksekliginde yer alan mera

kesimlerinin dogu, bati, kuzey ve gliney yoneylerine ait kuru ot verimleri Makale Tarihgesi

ve nispl yem degerleri tespit edilerek, verim ve kalite acisindan yoneylere Gelig Tarithi  :06.01.2023
gore karsilagtirilmas: hedeflenmistir. Aragtirma sonucglarina goére en Kabul Tarihi :12.01.2024
yiiksek kuru ot verimi (342.17 kg da-1) giiney yéneyde, en diisiik verim

(202.67 kg da-1) ise dogu yoneyinde tespit edilmistir. En yiiksek nispi Anahtar Kelimeler

yem degeri (143.73) kuzey yéneyde ortaya ¢ikmis, rakim faktérii nispi Mera

yem degeri bakimindan oOnemsiz bulunmustur. Sonug¢ olarak etek Rakim

kesimler basta olmak tizere dag geneli meralarin amenajman ilkelerine Yoney

Kuru ot verimi
Nispi yem degeri

gore kullanilmalar1 gerektigi ve 6zellikle otlatma mevsimi ve otlatilacak
hayvan cinsinin dikkate alindig1 ve otlatma baslangicinda dagin sirt
kesimleri ile bat1 ve giliney yoney mera kesimlerinin oncelendigi bir
otlatma programinin olusturulmasinin meralarin gelecegi acisindan
onem arz ettigl kanaatine varilmigtir. Ayrica biitin mera kesimleri i¢in
1slah amach aragtirma ve uygulama c¢alismalarinin yapilmasinin faydal
olacagi dustiniilmektedir.

Variation of Hay Yield and Relative Feed Value According to Direction in a Highland Rangeland

ABSTRACT Field Crops

This research was carried out in Kop Mountain’s rangelands, located at

the intersection of Erzurum, Erzincan, and Bayburt provinces, in the Research Article

2019 and 2020 years. The study was aimed at determining the hay yields

and relative feed values of the east, west, north, and south directions of Article History

the rangeland sites of Kop Mountain at an altitude of 1871-2468 m and Received - 06.01.2023
comparing them in terms of yield and quality. According to the results of Accepted ©12.01.2024
the research, the highest hay yield (342.17 kg da-1) was found in the

south, and the lowest (202.67 kg da-1) was found in the east. The highest Keywords

relative feed value (143.73) was found in the north, and the altitude factor Rgnge.land

was found to be insignificant in terms of relative feed value. As a result, DIEFE GO

it is concluded that the rangeland sites, especially on the footslope, should ﬁg;t;?; d

be used by the management principles and that it is important for the
future of the rangelands to establish a grazing program that takes into
account the grazing season and the type of animals to be grazed,
prioritizing the backslope sites of the mountain and western and
southern rangeland sites at the beginning of grazing. In addition, it is
believed that it would be beneficial to carry out research and application
studies for improvement at all the sites of the rangeland.

Relative feed value

Ataf Sekli:  Karabulut, 1.H., & Comakl, B, (2024) Yiiksek Rakimli Bir Merada Kuru Ot Verimi ile Nispi Yem Degerinin
Yoneylere Gére Degisimi. KSU Tarim ve Doga Derg 27(4), 920-928. https:/doi.org/10.18016/ksutarimdoga. vi.
1230303
To Cite : Karabulut, LH., & Comkali, B., (2024). Variation of Hay Yield and Relative Feed Value According to Direction
in a Highland Rangeland. KSU J. Agric Nat 27(4), 920-928. https://doi.org/10.18016/ksutarimdoga.vi.1230303
GIRIS cayir ve meralardan elde edilmektedir. Diinya

genelinde hayvansal tiretim igin ihtiya¢ duyulan kaba

Hayvansal Gretimin en 6nemli girdi kalemi yemlerdir. ’ /
yemin %70'ine yakin kismi meralardan elde

Strdurilebilir iretim agisindan en ucuz kaba yem ise
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edilmektedir (Lund, 2007). Giiniimiizde niifus artisi,
iklim degisiminin etkisi ile olugsan ekolojik dengesizlik
ve ongorilemeyen ekonomik degiskenler neticesinde
cayir ve meralardan elde edilebilecek kaliteli kaba
yeme duyulan ihtiya¢ artmaktadir. Ancak o6zellikle
ama¢ dig1 kullanimlari ve agir1 otlatilmaya maruz
kalmalar: meralardan faydalanma oranini
sinirlamaktadir. Zira kurak ve yari kurak meralardaki
tahribatin baglica sebeplerinden birisi olan asir
otlatma (Snyman, 2005; Holechek et al., 2011) verimi
disurdigi gibi, topragin fiziksel ve kimyasal
ozellikleri tizerinde olumsuz etkilere neden olmakta
(Beukes & Cowling, 2003) ve bu durum meralarin
zayiflamasi ile erozyona acik alanlarin olusmasina da
neden olmaktadir. Bununla beraber asiri otlatmanin
meralarda istenmeyen tlrlerin ¢ogalmasi, bitki ile
kapl alan ve biokiitlenin azalmasi (Tongway et al.,
2003; Comakl et al., 2012) gibi olumsuz sonuclar1 da
bulunmaktadir.

Meradan elde edilen kaba yemin verim ve kalitesi,
hayvansal turetim ac¢isindan bu alanlardan elde
edilebilecek faydanin temel belirleyici unsurlaridir
(Heitschmidt et al., 1995). Bu anlamda meralardan
surdurulebilir  bicimde  faydalanabilmek  igin,
amenajman ilkelerine uygun olarak kullanilmalari
gereklidir. Ayrica mera popililasyonlarinin korunmasi
ve riskli bolgelerde 1slah amachh uygulamalarin
gerceklestirilmesi gerekmektedir. Bu hedeflere ancak
mera durumunun tespiti ve meralarin zayiflamasina
yol acan hususlarin dogru bir sekilde tespit edilmesi
ile ulagilabilir.

Meralarda otlatma faktérinin baskin etkisinin yani
sira rakim, yoney gibi topografik faktorler verim ve
kaliteye etki etmektedir. Tagdelen ve Ozyazic1 (2022)
tarafindan dogal bir merada farkhi yiiksekliklerin
verim ve botanik kompozisyon uzerine etkilerinin
incelendigi arastirmada; ylkseklik artig1 ile topragi
kaplama oraninin arttig1 ve ti¢ farkl yiikseklik (620,
770 ve 920 m) dikkate alinarak yapilan
degerlendirmede, yiikseklik arttik¢a kuru ot veriminin
de arttigr tespit edilmistir. Bir bagka faktor olarak
yoney, meralarda bitki Ortisiinin zenginligi ve
botanik kompozisyonun cegitliligi lizerinde 6nemli
etkiye sahiptir (Mahdavi et al., 2012). Farkl rakim ile
yoneylerin mera vejetasyonuna etkilerinin
degerlendirildigi bir arastirmada; rakim arttikca
toprag1 kaplama oraninin azaldig1 ve kuzey yoneyde
yer alan mera kesiminin en verimli alan oldugu tespit
edilmistir (Cacan & Basbag, 2016). Tutar ve Kokten
(2019) tarafindan yapilan bir bagka arastirmada ise
kuru ot veriminin mera yoneylerine gore 23,2-129,3 kg
da-! arasinda degisiklik gosterdigi, kuru ot veriminin
arastirma yoneylerine goére farklilik arz ettigi ve en
yiiksek nispi yem degerinin dogu yoéneyde (109,4)
tespit edildigi bildirilmigtir.

Bu arastirmayla Dogu Anadolu ile Dogu Karadeniz
arasindaki gegit kusaginda yer alan yliksek rakimlh
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Kop Dagi tzerinde yer alan mera kesimlerinin,
yoneylere gore verim ve kalite acisindan durumlarinin
tespit edilmesi ve benzer ekolojik bolgelerdeki
meralarin 1slahina temel teskil edecek bilgilerin elde
edilmesi hedeflenmigtir..

MATERYAL ve METOD

Bu calisma Dogu Karadeniz Daglar1 sisteminin bir
parcasi olan ve Bayburt il merkezinin giineyiyle Coruh
Nehri ile Karasu Nehrinin vadileri arasinda
uzanmakta olan Kop Dagi meralarinda
yuritulmistir. Arastirma 2019 ve 2020 yillarinda
Kop Daginin yiiksek rakimli bolgelerinde tespit edilen
mera kesimlerinde o6rnek alma, laboratuvar
calismalar1 ve istatistik analizlerin uygulanmasi
seklinde yurutilmustiir. Arazi ¢aligmalar: sonucunda
arastirma sahasi olarak segilen mera kesimlerinin
koordinat, rakim ve ortalama egim degerleri Tablo 1’de
sunulmustur.

Deneme alami Kop Daginda yer alan mera
kesimlerinin dogu, bati, kuzey ve giiney yoneyleri
dikkate alinarak tespit edilmis, bu kesimlerden
yiksekligi 1871-1985 m arasinda olan alanlar “etek”,
2372-2468 m arasinda olan alanlar ise “sirt” olarak
isimlendirilmistir. Sonu¢ olarak c¢alismalar dag
genelini temsil eden toplam 8 mera kesiminde
yurutilmustur.

Arastirma sahasi i¢in iklim verileri Meteoroloji 12.
Bolge Mudurligu araciligr ile arastirma alanina en
yakin konumdaki Agkale meteoroloji istasyonundan
elde edilmig ve Tablo 2’de paylagilmistir.

Iklim verileri incelendiginde; Askale meteoroloji
istasyonunda uzun yillar (2013-2020) icin ortalama
sicakliginin 7.6 °C, toplam yagis 386.95 mm ve
ortalama nispi nem degerinin ise %64.7 oldugu
goriilmektedir. Arastirma yillarinda ise ortalama
sicaklik degerinin 2019’da 7.4 °C, 2020°de 7.9 °C oldugu
ve nispi nem degerlerinin ilk yil i¢in %66.9, ikinci yil
icin %61.6 oldugu tespit edilirken; en yiiksek sicaklik
degeri (20.9 °C) 2019 yilinda agustos ayinda, 2020
yilinda temmuz ayinda (20.5 °C), yillar ortalamasina
gore ise agustosta (21.6°C) élciilmiistiir. Yagis verileri
bakimindan hem 2019 (373.1 mm) hem de 2020 (342.2
mm) degerlerinin uzun yillar ortalamasina gére daha
diigsiik oldugu tespit edilmistir. En fazla yagis
arastirmanin ilk yilinda 64.2 mm ile mayis ayinda,
ikinci yilinda ise 120.9 mm degeri ile yine mayis
ayinda gorilmistir. Yillar ortalamasi acgisindan en
fazla yagis 84.46 mm ile mayis ayinda gerceklesmistir.

Aragtirma konusu mera kesimlerinden alinan 8 toprak
numunesi Atatiirk Universitesi Ziraat Fakiiltesi
Toprak Bolimii laboratuvarlarinda analiz edilmigtir.
Sonuglara gore kuzey yoneyin kumlu killi tinl, diger
yoneylerin ise kumlu tin tekstiirde oldugu; topragin
notr karakterli (pH 6.45), organik madde iceriginin %
7.59 (zengin) ve EC (tuzluluk) oramimin “cok hafif
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tuzlu” oldugu, fosfor oraminin 35.76 kg P:205 da’l, edilmistir.
potasyum oraninin ise 2.40 me 100 g1 oldugu tespit
Tablo 1. Mera kesimlerine iligkin yiikseklik, koordinat ve egim bilgileri
Table 1. Height, coordinate and slope informations of the rangeland sites
Yoney Yiikseklik (m) Koordinat Egim (%)
Direction Altitude (m) Coordinate Slope (%)
g D.0375571 i
Dogu etek 1871 K 4429935 20-25
D.0374924
Bati etek 1908 K 4499543 10-15
D.0367711
Kuzey etek 1970 K 4436539 35-40
. D.0368964 )
Giiney etek 1985 K 4436856 25-30
. D.0371467 .
Dogu sirt 2372 K 4434376 45-50
D.0372042
Bati sirt 2468 K 4433919 25-30
D.0372904
Kuzey sirt 2434 K 4434600 15-20
D.0371816

Tablo 2. Erzurum ili Askale ilgesine ait 2019, 2020 yil1 ve uzun yillar (2013-2020) ortalamasina (UYO) ait baz
iklim degerleri*

Table 2. Some climate data for 2019, 2020, and years average (2015-2020) for the Askale district in Erzurum

province

Ayhk Toplam Yagig (mm) Aylik Ortalama Sicaklik Aylik Ortalama Nispi Nem(%)

%zibs Total precipitation monthly Average temperature Average relative humidity
(mm) monthly €C) monthly (%)

2019 2020 UYO 2019 2020 UYO 2019 2020 UYO
Ocak 11.8 6.4 18.41 -6.7 -6.4 -7.9 87.6 77.1 82.1
Subat 25.2 18.8 22.54 -6.1 -5.4 -5.5 91.7 77.1 82.7
Mart 21.2 56.5 40.51 -1.7 3.0 1.6 85.4 76.3 74.2
Nisan 62.7 45.6 42.25 5.0 6.4 7.2 80.9 63.7 64.3
Mayis 64.2 120.9 84.46 12.7 11.5 12 61.0 60.7 66.3
Haziran 49.1 20.3 50.21 18.3 16.4 16.9 56.3 55.3 58.8
Temmuz 25.2 11.2 10.79 19.5 20.5 20.9 48.4 50.1 46.5
Agustos 29.8 0.2 15.45 20.9 19.9 21.6 44.8 40.9 41.9
Eylil 29.9 17.0 20.55 15.3 18.5 16.6 50.2 39.5 45.4
Ekim 19.5 6.3 36.25 11.3 11.5 9.8 53.7 45.5 60.6
Kasim 15.7 29.9 20.68 2.1 3.6 2.3 60.0 70.6 70.8
Aralik 18.8 9.1 24.85 -1.6 -4.6 -4.9 83.2 81.9 83.0
Toplam/Ort. 373.1 3422  386.95 7.4 7.9 7.6 669  61.6 64.7
Total/mean

*Tarim ve Orman Bakanlig1 Meteoroloji 12. Bolge Midiirligi verilerinden alinmigtir.

Mera kesimlerinde ot 6rneklerinin temini amaciyla
her bir mera kesiminde 0.25’er m2lik 3 adet cerceve

temmuz aymnin ayni giiniinde alinan toplam 24 (2
yiikseklik x 4 yoéney x 3 tekerriir) ot numunesi

alam1 bélgede mera vejetasyonunun ciceklenme etiketlenerek bez torbalarda muhafaza edilmistir.
dénemi olan temmuz aymnda hasat edilmistir. Sera ortaminda o6n kurutmaya tabi tutulan ot
Meralarin otlatmaya agik olmasi sebebi ile o6rnek ornekleri, 70°C’de sabit agirhga ulasana kadar
alinacak noktalar belirlenirken korunakli ve mera kurutulmustur. Kurutma sonrasi ot numuneleri
genelini temsil eden oOrnekleme alanlari tercih tartilarak  yoneylere gore kuru ot verimleri

edilmigtir. Dag genelinde meralarin etek ve sirt
kesimlerinde 4 farkli yoneyden 3 tekerrurlu olarak

hesaplanmigtir. Nispi yem degerinin tespit edilmesi
icin sindirilebilir kuru madde oram ile kuru madde
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alim yiizdesinden istifade edilmistir (Van Dyke &
Anderson, 2000). Bu verilere ulasabilmek icin
ogutillen ot numunelerinin ADF ve NDF analizleri
ANKOM Fiber teknolojisinden (Ankom, 2020)
faydalanilarak Van Soest et al. (1991) tarafindan
geligtirilen filtre torba yontemi ile gerceklestirilmistir.
Analizler sonucu kuru ot verimi ile nispi yem degerleri
3 tekerriirlii tesadiif bloklarinda 3 faktorlii (yoney x
rakim x y1l) deneme desenine gore analiz edilmistir
(Yildiz ve Bircan, 1994). Istatistik analizler 8 farklh
mera kesiminden elde edilen oransal verilere Arc

Sints transformasyonu uygulandiktan sonra SPSS
yazillmi (Versiyon 20) kullanmilarak yapilmistir.
Varyans analiz sonuglarina gore istatistik olarak
onemli bulunan fakt6r ortalamalari Duncan testi ile
karsilagtirilmisgtir.

BULGULAR ve TARTISMA

Arastirma konusu mera kesimlerine ait kuru ot verimi
(kg da?) ile nispi yem degerlerinin rakim ve yéneye
gore degisimi ile bu degerlere ait varyans analiz
sonuglar: Tablo 3’te yer almaktadir.

Tablo 3. Kuru ot verimi (kg da'),nispi yem degeri, NDF (%) ve ADF (%)’'nin yéney ve rakima gére degisimi ile

varyans analiz sonuclari

Table 3. The variation of variance analysis results of hay yield (kg da’!), relative forage value, NDF (%) and ADF

(%) according to the direction and altitude

Kuru Ot verimi
(kg da)

Nispi Yem Degeri

Asit Ortamda
Coziinemeyen Lif (%)

Nétral Ortamda
Coziinemeyen Lif (%)

5 (Relative Feed Value NDF (Neutral Detergent ADF (Acid Detergent Fiber
(Hay Yield (kg da')) @ ) 2o (0 & o
Fiber (%)) (%))
Yoéney Birlegik Birlegik Birlegik Birlegik
Direction 2019 2020 Analiz (CA) 2019 2020 Analiz (CA) 2019 2020 Analiz (CA) 2019 2020 Analiz (CA)
Dogu 22600C  179.33C  202.67£33D 107.87C  117.81B  112.84+7.03B  54.59A  5274B  5367<131A 3529a  30.45A  32.87+3.42 A
Bat1 287.67B  251.50B  260.58:25.58B  120.02B  106.92B  113.47:9.26B  49.53BC  56.77TA  53.1545.12A  3450a  32.10A  33.30+1.70 A
Kuzey 231.17C  233.33B  232.25+153C  135.52A  151.94A  143.73:11.6A 47.05C  44.66C  45.86+1.69B  30.14b  25.18B  27.66+3.51B
Giiney 37500 A  309.33A  342.17+46.44A 121.08B  116.23B  118.65:3.43B  50.72B  53.39B  5206+1.89A 32.5lab  31.95A  32.230.40A
Ortalama 279.96 243.37+ 121.12 123.22 50.47 51.89 33.11 29.92
(Mean) 16924A 5360B  2OL67025 L y15p  ujomg 122176l g, 5.13 L1836l 930 43958  OL-B1+261
Rakim (Altitude)
Etek 226.08 B 235.57 230.83+6.71B 12251 124.04 123.28+1.08  50.26 50.76 50.510.35 31.83b  29.77 30.80 1.46
Sirt 333.83A  251.17 29250 +58.45 A 119.74 122.41 121.07+1.89  50.68 53.02 51.85 +1.65 34.39a  30.07 32.23+3.05
Ortalama 279.96 243.37 121.12 123.22 50.47 51.89 33.11 29.92
(Mean) £7619A +1103B 2016722587 L g6 +1.15 12217148 1530 s160 O8O0 g A wop 361226
Yoney 0.000 ** _ 0.000 ** _ 0.000%* 0.000 **  0.000 ** _ 0.000** 0.000 ** _ 0.000 ** _ 0.000% 0.013 0.000 ** _ 0.000%*
Rak 0.000 **  0.188 0.000%* 0.507 0.723 0.477 0.713 0.063 0.108 0.032* 0.782 0.072
1m
Yoney  x " " " . .
Roboy 0.000 0.001 0.000 0.110 0.231 0.055 0.106 0.096 0.018 0.030 0.981 0.226
Yil 0.001%* 0.498 0.090 0.000%*
Yil x Yéney 0.117 0.004* 0.000%* 0.151
Yilx Rakim 0.000%* 0.854 0.270 0.153
Yilx Rakimx Yéney- 0.001%** 0.440 0.460 0.108

*5%’de onemli ¥*1%’de 6nemli CA: Combined Analysis

Kuru ot verimi (kg da?)

Aragtirma konusu mera kesimlerinden elde edilen
kuru ot verimlerinin yéney ve rakima gére degisimi ile
varyans analiz sonuclar1 Tablo 3’te yer almaktadir.
Veriler degerlendirildiginde deneme yillarindaki
degisimin istatistiki olarak cok énemli (p=0.001%%*)
oldugu, yoney acisindan kuru ot miktarindaki
degisimin hem arastirma yillari hem de yillarin
birlesik analizinde %1 diizeyinde 6énemli bulundugu
goriilmektedir. Rakim acisindan ise 2019 yili ile
birlesik analiz sonuclari ¢ok 6nemli (p=0.001%*)
degisiklik gosterirken, 2020 y1l1 6nemsiz bulunmustur.
Bunun yani sira yoéney x rakim, yil x rakim ve yil x
yoney x rakim interaksiyonlarinin da istatistiki olarak
¢ok 6nemli oldugu tespit edilmigtir.

Mera yoneylerine gore kuru ot veriminin degigsimine
bakildiginda; 2019’da en yuksek kuru ot veriminin
(375.00 kg da'!) giineyde, en diisiik kuru ot veriminin
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(226.00 kg da'l) ise doguda bulundugu tespit edilmis,
dogu ve kuzey yoneyler istatistiki olarak ayni grupta
yer almigtir. Arastirmanin ikinci yilinda en yuksek
kuru ot verimi 309.33 kg da'! degeri ile gliney yoneyde
tespit edilmis, bu yoneyi istatistik olarak aym grupta
yer alan bat1 (251.50 kg da'!) ve kuzey (233.33 kg da'l)
takip etmigstir. En diisik kuru o verimi ise doguda
(179.33 kg da') bulunmustur. Yillarin birlesik
analizine gore en yiiksek verim 342.17 kg da ile gliney
kesimde, en diisik verim ise 202.67 kg da! ile dogu
kesimde ortaya ¢ikmigtir.

Rakimin kuru ot verimi tizerine etkisine bakildiginda
2019°da sirt kesimlerin (333.83 kg da™!) etekten (226.08
kg dal) daha yiiksek kuru ot miktarina sahip oldugu
goriilmektedir. 2020 yihi ise istatistiki olarak 6nemli
bulunmamigtir. Yillarin birlesik analizine goére sirt
kesimlerde verim 292.50 kg da! ile etek kesimlerden
(230.83 kg da!) daha yiiksek olmustur. Arastirma
yillarimin ortalamas1 dikkate alindiginda kuru ot
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verimi 261.67 kg da! olarak tespit edilmistir. Birlesik derece farklihk géstermezken, giiney ve dogu

analize gére kuru ot verimi istatistiki manada %1 yoneylerde kuru ot verimi sirt kesimlerde daha yluksek
diizeyinde 6nemli bulunmustur. olmustur. Kuru ot veriminde meydana gelen bu
Birlesik analiz sonuglarina goére bat1 ve kuzey farklilik neticesinde yoney x rakim interaksiyonu ¢ok
yoneylere ait kuru ot verimleri rakima goére 6nemli 6nemli bulunmustur (Sekil 1).
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Sekil 1. Birlesik analize gore kuru ot veriminin ydney x rakim interaksiyonu degerleri (kg da™)
Figure 1. Direction x altitude interaction of hay yield according to the combined analysis (kg da™!)

Sonbahar yagiglarindan kaynaklandig1 diistintilen bu
durum, yil x rakim interaksiyonunun g¢ok Onemli
olmasina neden olmustur (Sekil 2).

Birlesik analize gore ilk yil sirt arastirma konusu mera
kesimleri belirgin bir bigimde daha fazla ot verirken,
ikinci yilda biyik bir farklihk goézlenmemistir.
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Sekil 2. Birlesik analize gére kuru ot miktarinin yil x rakim interaksiyonu degerleri (kg da!)
Figure 2. Year x altitude interaction of hay yield according to the combined analysis (kg da’)
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Aragtirma yillarinda kuru ot verimi ¢ok Onemli
diizeyde degisiklik goéstermistir. Arastirmanin ilk
yilinda kuru ot verimi (279.96 kg da!) ikinci yildan
(243.37 kg da'?) daha yiiksek bulunmustur. Bu durum
arastirma yillar1 arasindaki yagis miktar: ile sicaklik
farkliligindan kaynaklanmig olabilir. Zira 2019 yihi
icin toplam yagis miktar: 373.1 mm yil! ve sicaklik
ortalamasi 7.4 °C olurken; 2020 yil1 i¢in yagis miktar:
342.2 mm yil!l ve yillik sicaklik ortalamasi 7.9 °C
olarak gerceklesmistir (Tablo 2). Rakima gore kuru ot
verimi degisimi istatistik agidan 2020 y1l1 i¢in 6nemsiz
bulunurken, 2019 yili ve yillarin birlesik analizi
bakiminda ¢ok énemli (p=0.000%*) farklilik
gostermigtir. Tablo 3’'te yer alan veriler incelendiginde
kuru ot veriminin sirt kesimlerde (292.50 kg da') etek
kesimlerden (230.83 kg dal) daha yiiksek oldugu
gorilmektedir. Etek kesimlerde otlatilmaya daha
erken basglanilmasi bu durumun olugsmasinda etkili
olabilir. Cunku sirt kesimler bélgenin yerlesim
yerlerinden daha uzakta yer almaktadir. Bu nedenle
otlatilmanin  yerlesim yerlerine daha yakin
meralardan daha uzak meralara dogru yapilmasi
neticesinde, sirt kesim meralarda otlatma baskisinin
daha disiik olmasi verimi etkilemis olabilir. Daha
fazla otlatilmig meralarda ot miktarinin diismesi de
beklenen bir durumdur (Milchunas et al., 1994; Reis et
al., 2001; Gokkus ve ark., 2015).

Kuru ot veriminde tespit edilen degerler benzer
calismalarda; Tikel ve ark. (2001) tarafindan
bildirilen 292.7 kg da'l; Altin ve ark. (2010) tarafindan
tespit edilen 240-342 kg da'l; Bilgin (2010) tarafindan
tespit edilen 196.67 kg da'l; Giillap (2010) tarafindan
tespit edilen 161.1-223.9 kg dal, Agin (2012)
tarafindan bildirilen 210.3-279.2 kg da'l; Aydin (2014)
tarafindan tespit edilen 229.94 kg dal; Yildiz ve
Ozyazic1 (2017) tarafindan bildirilen 278.1 kg da'l;
Siirmen ve Kara (2018) tarafindan tespit edilen
114.54-223.03 kg da! sonuglarindan bir kismi ile
paralellik gésterirken bazi ¢alisma sonuglar ile
farklihk arz etmistir. Bu durumun olugsmasinda
ekolojik kogullardaki degisim, mera vejetasyon
farkliliklar: ile arastirma yontemlerinde ki uygulama
farkhiliklarinin etkili oldugu soylenebilir. Ornegin
Stirmen ve Kara (2018) tarafindan yapilan
arastirmada kuru ot verimindeki degisimde mera
kesimlerindeki egim farklhiliginin etkisi ortaya
koyulmustur. Yildiz ve Ozyazic1 (2017) tarafindan Van
ilinde, 2195 m rakimli ve benzer ekolojik kosullara
sahip bir merada yapilan arastirmada ise kuru ot
veriminin yoneylere gore degisimi arastirma sonuglari
ile benzerlik goéstermis ve en yiiksek kuru ot verimi
sirasiyla glney, bati ve kuzey yoneylerde ortaya
citkmigtir. Literatire gore ortaya ¢ikan s6z konusu bu
benzerlik ve farkliliklarin meralarin toprak yapisi,
topografya, iklim ve yagis gibi faktorlerin
degisiminden kaynaklandigi diisiinilmektedir.
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Nispi yem degeri

Caligsma ile mera kesimlerinden elde edilen nispi yem
degerlerinin yoney ve rakima gore degisimi ile varyans
analiz sonuglar1 Tablo 3’te yer almaktadir. Varyans
analiz sonuclarina gore rakim ve yil faktorleri 6nemsiz
bulunurken yoéney %1 duzeyinde onemli olmustur.
Interaksiyonlar bakimindan yalmizeca yil x yoney
onemli olurken, yoney x rakim ile yil x rakim ikili
interaksiyonu ve yil x rakim x yoney tUgla
interaksiyonu 6nemsiz bulunmustur.

Mera kesimlerinde nispi yem degerinin yoneylere gore
degisimi incelendiginde (Tablo 3) arastirmanin ilk
yilinda en yiiksek nispi yem degerinin (135.52) kuzey
yoneyde oldugu, bat1 ve gliney yoneyin istatistik olarak
ayni grupta yer aldig1 ve en disiik nispi yem degerinin
(107.87) dogu yoneyde ortaya ciktigl goriillmektedir.
2020’de ise en yiiksek nispi yem degeri (151.94) yine
kuzey yoneyde tespit edilmis, dogu, bat1 ve gliney
yoneyler istatistik olarak ayni1 grupta yer almigtir.
Birlesik analiz bakimindan ise en yiksek nispi yem
degeri (143.73) yine kuzey yéneyde tespit edilmistir.
En diisiik nispi yem degeri (112.84) ise dogu yéneyde
ortaya cikmis ve dogu, bat1 ve gliney yoneyler istatistik
olarak aymi grupta yer almistir. Rakimin nispi yem
degisimine etkisi istatistik olarak énemli olmamakla
birlikte hem arastirma yillarinda hem de birlesik
analiz bakimindan etek kesimlerde tespit edilen nispi
yem degeri sirt kesimlerden daha yiiksek olmustur.

Birlesik analiz sonuclarina gére nispi yem degeri
arastirmanin ikinci yilinda farklilik arz etmisg, 2020’de
bat1 yoneye ait deger onceki yila goére onemli olgiide
distis gostermistir. Bu degisim neticesinde yil x yoney
interaksiyonu ortaya cikmistir (Sekil 3).

Nispi yem degeri yem kalitesinin tespiti bakimindan
bir gésterge olarak kullanilmakta; bu degerin 100’den
buytk olmasi yem kalitesinin yliksek, 100’den kiigiik
olmas:1 ise yem kalitesinin diisik oldugu anlamina
gelmektedir (Moore & Undersander, 2002; Kaya, 2008;
Canbolat & Karaman, 2009). Nispi yem degerinin 100
olmasi i¢in ADF oraninin %41, NDF oraninin ise %53
olmas1 gerekmektedir (Redfearn et al.,, 2004). Bu
nedenle nispi yem degerinde ADF ve NDF oranlar
etkili olmaktadir. Kuzey yo6neyin nispi yem degeri
bakimindan en verimli yoney olarak tespit edilmesi, bu
yoneyde ADF ve NDF oranlarinin diger yoneylere gore
daha diisik olmasindan kaynaklanmaktadir. Kuzey
yoneyde ADF ve NDF degerlerinin daha diisiik olmasa,
bu yoneyde baklagil oraninin daha yiiksek olmasindan
kaynaklanmig olabilir. Rakima gére nispi yem degeri
istatistiki anlamda onemli bulunmamakla birlikte,
etek kesimlerin sirt kesimlere oranla daha yliksek
nispi yem degerine sahip oldugu tespit edilmistir.
Bununla beraber etek ve sirt kesimlerde tespit edilen
nispi yem degerleri birbirine yakin olmustur. Bu
durum arastirma kapsaminda Kop Dagi1 meralarinin
etek ve sirt kesimler olarak ayrilmasina ragmen dag
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genelinde benzer ekolojik kogullarin mevcudiyeti,
rakim farkinin az ve kullamim ge¢misinin benzer

2019

Migpi Yem Deferi

Dog Bat

olmasindan kaynaklanmaig olabilir.

SO0

Kuzey Gilney

Sekil 3. Birlesik analize gore nispi yem degerinin yil x yoney interaksiyonu degerleri
Figure 3. Year x direction interaction of relative feed value according to the combined analysis

Arastirma kapsaminda elde edilen nispi yem degerleri
yapilan benzer bazi arastirma sonuclari (Sahinoglu
(2010) 113-138; Aydin (2014) 137.71; Cacan ve Basbag
(2016) 113.51) ile paralellik arz etmistir. Diger
taraftan arastirma ile tespit edilen ham protein
oranlarinin; Yildiz ve Ozyazici (2017) tarafindan tespit
edilen 92.7-107.2; Siirmen ve Kara (2018) tarafindan
tespit edilen 101.35 ve Tutar ve Kokten (2019)
tarafindan bildirilen 91.8-109.4 degerlerinden ise
diisiik oldugu goriilmektedir. Ham protein oranlarinda
gozlenen bu benzerlik ve farkliliklarin, botanik
kompozisyonda yer alan bitki tiurlerindeki degisimden
kaynakladigi, 6zellikle baklagil oraninin bu durum
uzerinde etkili oldugu dusiiniilmektedir.

SONUC ve ONERILER

Arastirma sonuglarina gére meralarin kuru ot verimi
yoneylere gore farklihik gostermis, en ylksek verim
giiney yoneyde (342.17 kg da’l), en diisiik verim ise
dogu yoneyde (202.67 kg dal) ortaya cikmis, sirt
kesimlerde kuru ot verimi etek kesimlerden yiiksek
olmustur. Nispi yem degeri yillarin birlesik analizi
bakimindan yoneyler arasinda birbirine yakin
degerler gostermekle birlikte yalmz kuzey yoney
143.73 degeri ile diger yoneylerden ayrilmistir. Rakim
faktéri nispi yem degeri bakimindan istatistik
anlamda 6nemsiz bulunmustur. Birlesik analize gore
NDF ve ADF degerleri %1 duzeyinde 6nemli olmus ve
kuzey yoney disindaki yoneyler istatistik olarak ayni
grupta yer almistir. Bu sonuclar 1s18inda Kop Dagi
meralarinin  basta etek kesimler olmak {zere
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amenajman ilkelerine goére kullanilmalar: gerektigi ve
ozellikle otlatma mevsimi ve otlatilacak hayvan
cinsinin dikkate alinarak, otlatma baglangicinda dagin
sirt kesimleri ile bati ve guney ybney mera
kesimlerinin oOncelendigi bir otlatma programinin
olusturulmasinin meralarin gelecegi acisindan énem
arz ettigi kanaatine varilmigtir. Ayrica dag genelinde
yer alan biitin mera kesimleri igin 1slah amach
arastirma ve uygulama calismalarinin yapilmasinin
faydali olacagi diustinilmektedir.
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ABSTRACT Field Crops
This study aims to determine the physical, chemical and technological,
rheological properties of 10 registered bread wheat varieties developed Research Article

by Bahri Dagdas International Agricultural Research Institute and their
quality status in bread analysis and GutoPeak analysis. At the same

Article History

time, it aims to investigate the relationships between physical, chemical, Received 106.07.2023
technological, rheological, and bread analyses with GlutoPeak quality Accepted 116.01.2024
parameters and to reveal the potential of the varieties. In the study, some

quality parameters and significance levels between varieties were Keywords

determined. Also, the results obtained from the GlutoPeak analysis are
explained by comparing them with other quality parameters. Protein
ratio, wet gluten, and Zeleny sedimentation values were found to be
highly correlated with GlutoPeak AM, BEM, AGGRE, PM, GPRT, GW,
and GWA. In addition, it was determined that there was a high
correlation between harmonograph water absorption and GlutoPeak
AGGRE, AM, BEM, GGLT, GPRT, GW, GWA, and PM values. Autograph
W value was positively correlated with GlutoPeak AM, BEM, PM, GPRT,
GGLT, GW, GWA, and AGGRE values and negatively correlated with
PMT. The results obtained in terms of the examined characteristics in
this study show that some varieties stand out in terms of different quality
characteristics. With the results of this study, it was determined that the
GlutoPeak device can detect the quality of wheat flour with fewer
samples and in a short time, therefore, GlutoPeak analysis will be useful
in variety development and similar studies in bread wheat.

Bread wheat
Quality properties
GlutoPeak

Bazi Ekmeklik Bugday Cesitlerinin Kalite Ozelliklerinin Belirlenmesinde Glutopik Test Cihazinin

Kullanilmasi
OZET Tarla Bitkileri
Bu calismanin amaci Bahri Dagdas Uluslararasi Tarimsal Arastirma
Enstitiist Mudurlaga tarafindan gelistirilen tescilli 10 ekmeklik bugday Aragtirma Makalesi
¢esidinin bazi fiziksel, kimyasal ve teknolojik, reolojik oOzellikleri ve
ekmek analizleri ile Glutopik analizlerinde kalite durumlarinin tespit Makale Tarihgesi
edilmesidir. Ayn1 zamanda fiziksel, kimyasal, teknolojik, reolojik ve Gelis tarihi 106.07.2023
ekmek analizlerinin, Glutopik kalite parametreleri ile arasindaki Kabul tarithi  :16.01.2024

iligkilerin arastirilmasi ve gesitlerin potansiyellerinin ortaya konulmasi
amaclanmigtir. Arastirmada, bazi kalite parametreleri ve cesitler

Anahtar Kelimeler

arasinda 6nemlilik duzeyleri belirlenmistir. Ayrica, Glutopik analizinden Ekmeklik bugday
elde edilen sonucglar diger kalite parametreleri ile kiyaslanarak Kalite 6zellikleri
aciklanmigtir. Protein orani, yas gluten ve Zeleny sedimentasyon GlutoPeak

degerlerinin Glutopik AM, BEM, AGGRE, PM, GPRT, GW ve GWA ile
yiksek iligkili oldugu tespit edilmistir. Bunun yaninda farinograf su
absorbsiyonu ile Glutopik AGGRE, AM, BEM, GGLT, GPRT, GW, GWA
ve PM degerleri arasinda yliksek bir korelasyon oldugu belirlenmisgtir.
Alveograf W degerinin Glutopik AM, BEM, PM, GPRT, GGLT, GW, GWA
ve AGGRE degerleri ile pozitif diizeyde 6nemli, PMT ile negatif seviyede
onemli iligkili oldugu tespit edilmisgtir. Bu ¢alismada incelenen 6zellikler
yoniinden elde edilen sonuclar, farkl kalite 6zellikleri bakimindan bazi
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cesitlerin 6ne ciktigini gostermektedir. Bu calismanin sonuglar ile
Glutopik cihazinin, az 6rnekle ve kisa siirede bugday unu kalitesini tespit
edebilecegi, bu sebeple Glutopik analizinin ekmeklik bugdayda cesit
gelistirme ve benzeri calismalarda faydal olacagi belirlenmigtir.
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INTRODUCTION

Wheat is one of the most produced cereals in Turkiye
due to its high adaptability, meeting a significant part
of the daily calories and protein required for human
nutrition and being a staple food (Kiin, 1996). In
parallel with the increasing population, the demand
for wheat is also increasing. Turkiye is one of the
countries with the highest annual grain consumption
per capita. In Turkiye, wheat consumption per capita
was 179.4 kg on average in the 2018-2019 period
(Giines & Turmus 2020). In developed countries, wheat
consumption per capita is behind the level of
developing countries (FAO, 2020). In Tiirkiye, where
wheat 1s consumed approximately 2.5 times the world
average as human food, it is a necessity that the wheat
is of high quality. In determining the quality of wheat,
primarily physical properties are taken into account.
Hectoliter weight and thousand kernel weight are the
most basic analyses in determining wheat quality and
are widely used for selection in breeding studies. The
parameters commonly used to determine bread wheat
quality are Zeleny sedimentation value, protein
content, gluten index, wet gluten, and dry gluten
values. Many processes such as agricultural
applications, genetic structure, milling, and baking
processes contribute to the final product quality of
wheat (Giicbilmez et al., 2019). Gluten is the main
storage protein that defines the baking quality of
wheat by providing water absorption capacity,
viscosity, and elasticity to the dough (Wieser, 2007).
Gliadin and glutenin protein are two components of
gluten that form the gluten network during dough
development and determine dough strength (Sharma
et al., 2020). The appropriate combination of the two
gluten components affects the visco-elastic properties
of the dough and eventually the quality of the final
products. Since gluten is the main determinant of
quality in wheat, gluten content was used as one of the
criteria in the selection of varieties and determining
the baking quality of flour samples in the breeding
program (Giicbilmez et al., 2019). Various quality
testing procedures such as allograph, chronograph,
and cooking tests continue to be applied at present to
characterize wheat for different end uses (Huen et al.,
2018).  Rheological measurements such as
chronographs and micrographs are widely used to
evaluate the gluten strength of dough and the overall
baking functionality of wheat flour (Wang et al., 2017).

930

However, such rheological analyses and baking quality
tests are often labor-intensive and time-consuming
(Bouachra et al., 2017). In such cases, analyses with
shorter durations may be more useful. GlutoPeak test
has started to be used as a rapid quality test that
requires fewer samples and measures the properties of
gluten aggregation, especially gluten strength and
aggregation rate (Huen et al., 2018). Studies have
shown that GlutoPeak parameters can be used to
differentiate wheat flours based on gluten aggregation
and dough rheological properties (Marti et al., 2015).

Within the scope of this study, some physical,
chemical, technological, and rheological properties,
bread analyses, and quality status in GlutoPeak
analyses of 10 registered bread wheat varieties
developed by Bahri Dagdas International Agricultural
Research Institute were determined in detail. At the
same time, the relationships between the physical,
chemical, and technological analyses and the
rheological and bread analyses between the GlutoPeak
quality parameters were investigated and the
potentials of the varieties were tried to be revealed.

MATERIALS and METHODS

In this research, the seeds obtained from the trial
carried out in the 2020-2021 period with two
replications in randomized blocks experimental design
of 10 bread wheat varieties (Bayindir, Bozkir, Sehzade,
ikonya, Meke, Selcuklu, Ekiz, Taner, Tugra and
Yavuz) grown in irrigated conditions in Bahri Dagdas
International  Agricultural Research  Institute
Konya/Tirkiye land were used as material. To obtain
flour from wheat samples in the research, the AACC
methods 26-95 and 26-50 were used with slight
modifications (AACC, 2000). One kg of cleaned seed
was taken, annealed on a moisture basis of 14.5% (w
w1), and then kept for 12 hours, then ground in
Yucebas YM1 (Yiicebags Machinery Analytical
Equipment Izmir, Turkey) flour mill.

Physical, Chemical, and Technological Analyzes

The thousand-grain weight of samples was determined
according to Williams et al., (2008) with a Pfeuffer
Contador brand device (model 75072,
Kitzingen/Germany). Test weight was determined
according to the standard method of AACCI (No: 55-
10.01) (AACCI, 2010). The grain hardness of bread
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wheat samples was determined in a NIR (Foss DS2500
F) device calibrated according to AACC 55-31 method
using a single kernel characterization system (SKCS;
AACC, 2000). Protein ratio was made according to the
Dumas method using the LECO FP 528 (Leco Inc, St
Joseph, MI) nitrogen determination device (nitrogen
ratio x 5.70) by weighing 0.20-0.25 g of ground sample
(AOAC 992.23, 2000). Zeleny sedimentation values of
flour samples were determined according to ICC
(International Association for Cereal Science and
Technology) Standard No.116/1 (ICC, 2008). The wet
gluten content of the flour samples was determined
according to AACC Method No: 38-12A (AACC, 2000).
Gluten index values of flour samples were determined
according to AACC Method No: 38-12A (AACC, 2000).
The time for the wheat starch to lose its viscosity
feature was determined by the falling number device
(Yiicebas ~ Makine, model 2016-No  Y120033
Izmir/Tiirkiye) according to AACC Method No: 56-81B
(AACC, 2000).

Rheological Analyzes
Farinograph analysis was determined by a
chronograph device (Farinograf-AT, Brabender

Germany) according to ICC Standard Method No:
115/1 (ICC, 2008). Alveograph analysis was made
using the Chopin Alveograph (Model Alveograph NG,
Chopin, France) device according to the ICC-Standard
No:121 method (ICC, 2008). GlutoPeak analyses were
performed with a Brabender GlutoPeak device (803400
model, Brabender GmbH&Co KG, Duisburg,
Germany). Nine g flour sample was mixed with 9 g
distilled water at a speed of 2750 rpm at 36 °C, and the
test material was evaluated using the Rapid Flour
Check method specified by Wiertz (2018).
Measurements made by GlutoPeak were recorded by
the device's software program (GlutoPeakR version
2.2.0) and AM (Torque 15 seconds Before Maximum
Torque, GPU), BEM (Maximum Torque of Gluten,
GPU), PMT (the time passed until the Maximum
Torque, sec), PM (Torque 15 sec After Maximum
Torque, GPU), GPRT (GlutoPeak Protein Ratio, %),
GGLT (GlutoPeak Wet Gluten Value, %), GW
(GlutoPeak Energy Value, x104 J), GWA (GlutoPeak
Water Absorption Capacity, % v wl ), AGGRE
GPU) values

(Aggregation Energy Value, were
obtained.
Bread Analyzes

Straight-Dough Bread-Making method (AACC 10-10B)
modified according to Turkish style bread was used in
bread-making studies. For this, based on 100 g flour,
1.5% g/g table salt, and 3% g/g yeast were added, and
then 2 units more water (cc) than the previously
determined farinograph values were added and
kneaded until a mature dough was formed. The
obtained doughs were left to mass fermentation at 30
°C and 70-80% relative humidity 2 times for 30
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minutes and at the end of these periods, they were
folded and aerated. At the end of this process, the
bread dough was given its final shape and left for final
fermentation at 30 °C for 55 minutes, and after
fermentation, the doughs were baked at 230 °C for 15-
20 minutes (Elgiin et al., 2014). Bread weights (g) were
determined by weighing the bread with laboratory-
type scales at least 1 hour after baking (Elgiin et al.,
2002). Bread volume was measured by the rapeseed
displacement method and the bread volumes of each
variety were determined in cm3 (Elgiin et al., 2002).

Statistical Analysis

In the evaluation of the data obtained as a result of the
study, variance analysis was performed and the mean
values of the features with significant differences were
grouped according to the LSD (0.05) test. JMP
statistics program (version 5.0.1, SAS Institute Inc.,
USA) was used in data analysis (JMP, 2003).

RESULTS and DISCUSSION

Evaluation of Analysis Findings of Bread Wheat
Varieties

The mean square results of the analysis of variance
obtained from the analysis results of the quality
parameters of 10 bread wheat varieties used in the
research are given in Tables 1 and 2, and the mean
values and significance groups are given in Tables 3
and 4. As it can be understood from the examination of
the tables, the differences between the varieties in all
the parameters obtained from the analyses were found
to be statistically significant at the level of P<0.01.

Evaluation of Findings Related to Physical, Chemical,
and Technological Analyzes

In determining the quality of wheat, first of all, its
physical properties are taken into account. Thousand-
grain weight and test weight are the most basic
analyses in determining wheat quality and are widely
used for selection in a variety of development studies
(Ozkaya & Ozkaya, 2005).

The shape and size of the grain, as well as the absence
of wrinkles and cracks, are the most important
physical grain characteristics that affect the thousand-
grain weight and directly affect the flour yield (Tyagi
et al., 2015). The thousand-grain weight gives
information about the endosperm ratio in the seed.
Since the endosperm ratios of varieties with a high
thousand-grain weight are generally high, flour yields
are high (Posner, 2009). Elgiin et al., (2001) reported
that thousand-grain weights ranged between 26-36 g
in soft wheat and 35-46 g in hard wheat. In the study,
the mean value of thousand-grain weight was
determined as 33.0 g, and this value varied between
27.5 and 41.5 g. The highest thousand-grain weight
was obtained from the Ekiz variety (41.5 g), followed
by Sehzade (39.9 g), Meke (36.2 g), Bozkir (34.1 g).
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Taner (33.0 g) and Bayindir (32.0 g) varieties were
found to have average values (Table 3). Aydogan &
Soylu (2017), in a similar study conducted on 14 bread
wheat varieties under Konya conditions, found that
the thousand-grain weight of the varieties ranged
between 30.90 g and 46.46 g and the mean value of the
trial was 38.32 g.

The test weight gives information about the unit
volume density, shape, and size of the grain. The high
test weight value is desirable for bread wheat
varieties. The fact that this value is 80 kg hl! and
above is especially desired by the wheat industrialists.
Elgiin et al., (2001) reported that test weights ranged
between 74-82 kg hl'! in soft wheats and 78-82 kg hl!
in hard wheats. The mean value of test weights
obtained in the study was determined as 75.8 kg hll,
and this value varied between 71.9-80.6 kg hl't. While
the Ekiz variety had the highest value with 80.6 kg hl
1 the Bayindir variety had the lowest value (71.9 kg hl’
1) (Table 3). Sahin et al., (2017), determined the test
weights between 70.97-77.43 kg hl! and the mean
value as 75.18 kg hl!in the study made on bread wheat
varieties.

Many methods have been developed to measure wheat
grain hardness and SKCS has been widely used
recently. The bread quality of hard wheat is generally
high. In general, hard wheats are suitable for bread
making and soft wheats are suitable for biscuits
(Giroux & Morris, 1998). During the conversion of very
hard wheat into flour, energy consumption is high or
in very soft wheat, the flour yield is low because it is
difficult to separate the bran from the flour (Elgiin et
al., 2001). The SKCS hardness values obtained in the
study were determined as 68.2% on average and this
value varied between 44.4-87.2%. In the study
conducted by Sahin et al., (2019), it was determined
the hardness values of bread wheat genotypes,
consisting of 20 varieties and breeding lines, between
29.78 and 87.66%.

Protein ratio is one of the important quality criteria
considered in the study. It has been reported that to
classify wheat and characterize wheat flour, it is
necessary to measure the protein and gluten content
together with the sedimentation value for wheat flour

characterization (Baslar & Ertugay, 2011). Although
the amount of protein is one of the most influential
criteria from climatic conditions and agronomic
applications (Aktan, 1992), it is one of the most
effective parameters in determining the quality of
wheat varieties (Williams et al., 1986). Protein ratios
obtained from the study varied between 11.7% and
16.8%. Selguklu variety had the highest protein
content with 16.8%, followed by Bozkir (16.0%),
Baymndir, Ikonya (15.4%) and Yavuz (15.1%). While the
protein ratios of Tugra (14.3%), Meke (14.1%), Taner
(13.9%), and Sehzade (13.1%) varieties were low, the
protein ratio of the Ekiz variety (11.7%) was
determined to be the lowest (Table 3). Egesel et al.
(2009) determined the protein ratio between 10.9% and
13.1% in the study they carried out for two years in 10
bread wheat varieties. Sahin et al. (2019) evaluated
the quality and technological characteristics of bread
wheat genotypes consisting of 20 varieties and lines
and found that the protein ratios varied between 12.29-
14.10%.

Wet gluten is an elastic substance formed by the
gliadin and glutenin proteins in the wheat composition
by absorbing water and swelling. The amount of wet
gluten helps to determine the gluten quality (gluten
structure, flour strength). The fact that the wet gluten
ratio is over 28% in the flour to be used in bread
making allows the production of good quality dough
(Erekul et al.,, 2005). The wet gluten mean values
obtained in the study were determined as 41.6%. This
value varied between 32.2-49.2%. While the Sel¢uklu
variety had the highest wet gluten value at 49.2%, wet
gluten values of Meke (35.6%), Sehzade (32.6%), and
Ekiz (32.2%) varieties were found low (Table 3). In the
study of Kegeli & Tkikarakaya (2013) conducted for two
years on 4 different bread wheat varieties, it was
determined the mean value of the wet gluten ratio was
28.0% in the first year and 27.0% in the second year.
Okur (2017) reported that for 57 samples milled as
flour and whole wheat flour, the mean value of the wet
gluten analysis values in red wheat was determined as
34.51 and 28.07%, and the mean value of the wet
gluten analysis values in white wheat was determined
as 31.27 and 27.08%, respectively.

Table 1. The mean square results of the variance analysis of the glutopic analysis values.
Cizelge 1. Glutopik analiz degerlerine ait varyans analizi kareler ortalamasi sonuglari.

VS SD AM BEM PMT PM GPRT | GGLT | GW GWA AGREE
Variety 9 100.9%* | 239.8%*% | 566.6%* | 215.1%* | 4.1%* 36.2%% | 37706%* | 44.1** | 208915%*
(Cesit)
Recurrence | 0.8 39.2 7.2 1.25 0.061 0.578 460.8 5.832 1828.8
(Tekerriir)
Error

9 5.35 29.86 13.42 3.47 0.19 1.81 366.13 | 5.57 9394.04
(Hata)
General
(Genel) 19

** (P<0.01), VS: Variation Sources, SD: Degree of Freedom, AM: Torque 15 sec Before Maximum Torque, BEM: Maximum Torque, PMT: Peak
Maximum Time, PM: Torque 15 s After Maximum Torque, GPRT: GlutoPeak Protein Ratio, GGLT: GlutoPeak Wet Gluten Value, GW:
GlutoPeak Energy Value, GWA: GlutoPeak Water Absorption Capacity, AGGRE: GlutoPeak Aggregation Energy Value

932



Aragtirma Makalesi
Research Article

(S0'0>d) sueaw
3y UsamIaq saauRIBYIP UBIYIUB|S A[[EIRSIIEIS S1EIIPUI ULWNJ0I 3Wes ay3 Ul S1uI51adns JUBIBRIC ., 'S9IU3I3JIQ0 JUBIYIUBIS 15837 (0ST 'UCHENEA JO JU3|IL07) TAD

061 12 v'EE 9'1 8'se 08 18'S TE €02 Ly'y 960 612 egs
8'1 9'0 6'9 11 92 L'y zZ9 €€ z'9 62 90 62 (%) AD
95t LLvT LETZ 1'v9 vEY 0'SL 91t 0'1p 0'ST z'e9 8'6L 0€E wejepo)ueay
LFGYY  0FUPT LFGS6T BOFUYI  ZFEIY 0FZ L TFBIY VIF0TY 0FWUST  0FeL'TL  TOFZSL  0%49'62 zZnae,
TFalBF TFx8PT  'ZF0LST SOFabT9  ZFZ8F tFx68L IZFuSbr  PIFu0Py  O0FmEbT 07,589 '0F:6'9L TF,60€ ebny
PIF06F T1F.8v1 ‘Z0F0282 P IF969  9F.187 'vF00L EFuSEr  VIFu0ZY  ZFH6ETL  [Fa2'9L '0F46'GL ‘0Fu0'EE 1suey
LFOIY TFIPT OTFSSIT  S0F49°6S IFaIIE  GF0'S8 SF.9°Z€ L'0F.6'GE VFTEL  ZFPPY  TFREOQL 0F6'6E apezyas
T+69 OF.EST  PIF00¥Z T'0%,9'89 TFLES TF4ES8 0F.Z26t 8'Z2%.095 E£0F.891 0DF.£8L CO0F6TL "0¥.5LZ npn3jas
TFH690  TFBYT  9IF602Z O IFeSZ9 TFLLE bFOT6  TFQGE UZFuSZF 0Fwel'PT  'EFE'SE ZTOFUSL "0F.2'9F W
LFSOP  0FBPL  LFLGT6T TOFWLED ZFGEP  ZFNIBL  [Fwl'SP L0750 0Fe?' ST 'IF0'8L TOFHLL 0F41'82 eAuoy
CFHEY  TFOPT OSFLEULZT YOF0Z9 STFSEY  ZFLGY CTFZZE L'0%:5'92 ZO0FLTIT pF41°9L 10,908 “0F.S1v N3
YIF0EF O0F=8¥T 6IFnSPIZ  T0F6G9 IFBYE 'EF8L9 TFal'SP L'0F45'9t DF09T  TFSPS  0FpE€'9L  OFT'VE Jixzog
LF500  TF0ST OVFO6BE bOFZOL  EFwl0S  PFZES  TFROMY 0'IF01E 0Fet'ST  'IFZ'L8  L'O0Fe6'TL  0F.0'CE Jipuifeg
(f v-01x) (nu (us) L (6)
(wd)  (6)(  (ue6a  oksquosqy (sikes (%) (%) (uywo (%) U6 (MO ugyagy
(tudey 16ynby  1isu3z 4 ns 2 (syapuy (uaynig Asejusunpss  (lueiQ ) 5 auey (11423)
Yowy3) Youy3) eiBovAly) jeiboupiey) wSn@) umnio)  Sex)  Auspziuo  wpyosg) SUS N uig) N i
swnjoA  ybam anjep uondiosqy 4 xapu| uINIH  PEJUIWIPIS OR®Y  unien  uBrep  JuBIOM
peaig peaug  ABusu3z y 12eM Y aqunN ua3n|o =M Ausjaz ujejouid ujeds p
desboanly desBounsey Bujjey SIS salL uesnoyy

Japabap eweleno ye auusenswered a)) ey izeq spuuspisas Aepbng yyawy3 g ablaz1d
'SBIIBLIEA JeaYM peauq Ul siaawesed Ajljenb awos Jo sanjea ueay] "€ s|qeL

WopdaLy JO aaBaA 108 "SAdIN0S VONRUEA (SA (10'0>d) «

61 (LIRS

oL 2580 95£'812 150 82Z0ET £5°21 ¥65'9 T4 R ¢ 080 806 Z81°0 PL9'0 6 ~ ou3

o'y 6£0'8 8'L68 <zZ0'0 SHOLIT LBY'T2 B6E'S <0'9 8ZE0 899Z'0 L00°0 zzLo I 25uUaunaY

L'EZZT «=S0°L1 B89 TLLZT 28I «ZL0900T  «95°1S2 +8'0L wZTSEL wGEE'Y  webBZEVEY bt 1T =S18'vY 6 Ardrsen
Ty (6) Wauzy  (nuoAisqiosqy (us) (%) (%) (jw)(uohs (%) (%) (14 B%)  (i61yuby
swy3) (Bnuby  eiboaaly) ns jesbounes) (1sifes (syopu, (uaanin Quawpes  (lueso (yp49s  (16naby @ auey uig)

@ Fowx3) anjep uondiosqy awsnag) uayno, sex) Auapaz) uoy  wpa304d) SoNS) 43110349H) Wybem as SA

wnop  ubB@EMm ABiau3a y 193eM Jaquiny xapuj uayn|n  jejuawipas  oney ssaupiey  Bam ujesn

peaig peaig desboanyy  ydesboupes Buyjjed uayn|o oM Ausjoz u1e30.4d SONS IsaL puesnoyy

KSU Tarim ve Doga Derg 27 (4), 929-939, 2024

KSU J. Agric Nat 27 (4), 929-939, 2024

‘Uednuos Isewe|euo Jajaiey zijeue sueflien Je suuauabap sey izeq uueiAepbng yyawy3 'z abjez1)d
Qeaym pealq Jo sanjea Ajjenb awos Jo sisAjeue acueLea JO S)NSal alenbs ueap) 1z ejqeyr

933



KSU Tarim ve Doga Derg 27 (4), 929-939, 2024
KSU J. Agric Nat 27 (4), 929-939, 2024

Arastirma Makalesi
Research Article

The parameters commonly used to determine the
quality of bread wheat are protein ratio, Zeleny
sedimentation value, wet gluten, dry gluten, and
gluten index values (Menderis et al., 2008). Gluten
index value is used to determine gluten quality and it
is required to be between 60-90% in bread flour (Elgiin
et al., 2001). The gluten index values obtained in the
study varied between 53.2-91.0%. Make variety had
the highest gluten index value with 91.0%, followed by
Selguklu (85.3%), Sehzade (85.0%), Tugra (78.9%) and
Ikonya (78.1%). While the gluten index values of Yavuz
(72.2%), Taner (70.0%), Bozkir (67.8%), and Ekiz
(65.7%) varieties were below the average value, the
Bayindir variety had the lowest value with 53.2%
(Table 3). Egesel et al., (2009) determined the gluten
index value between 14.0 and 77.8% in a study
conducted for two years on 10 bread wheat varieties.

The time for the wheat starch to lose its viscosity with
the activity of the a and B amylase enzymes in the flour
gives the falling number. The falling number
determines the activity of the amylase enzyme in the
flour. The value of a falling number over 300 seconds
is an indicator of low amylase activity. If amylase is not
added to flours with low amylase activity, bread
volume becomes low and bread crumbs become dry.
The falling number values obtained in the study were
determined as 434 seconds on average. This value
varied between 311-532 sec. (Table 3). Kara et al.,
(2020) determined the falling number values of bread
wheat between 262.5 and 882.0 sec. in different grain
sizes. It was determined that all varieties had low
amylase activity in terms of falling number values.

Evaluation of Findings Related to Rheological

Analyzes

In determining the quality of wheat for bread making,
physical and physicochemical properties do not provide
complete and precise information, so it is necessary to
determine the rheological properties of the dough. The
rheological properties of the dough give information
about the visco-elastic structure of the dough. The
visco-elastic structure of the dough shows the bread
quality. The visco-elastic structure allows the dough to
keep its shape. After the deformation formed in the
dough by a force applied to the dough, the dough tries
to return to its previous state. This i1s the most
important property of dough (Patel & Chakrabarti-
Bell, 2013). The visco-elastic properties of the dough
can be measured with some devices. One of the devices
developed for this purpose is the chronograph.
Farinograph determines the amount of water required
for the flour to become a normal dough and provides
information about the development, stability, and
softening degree of the dough (Elgiin et al., 2001).

Farinograph water absorption is the amount of water
required to be added to the flour to obtain a dough of a
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certain consistency, and it is desired that the amount
of water to be used in bread making is high. High water
absorption is a feature desired by bakers. When flours
with high water absorption are kneaded, more dough
is obtained. The mean values of water absorption
values obtained in the study were determined as 64.1%
(Table 3). Al-Saleh & Brennan (2012) reported that the
water absorption value varied between 56.30% and
64.05% in a study they conducted with bread wheat
genotypes under irrigated conditions.

Alveograph energy (W) value is one of the reliable data
to reveal the quality of wheat flour and has a key role
in the evaluation of the quality of wheat for bread
making among all allograph parameters. Abu
Hammad et al. (2012) classified the allograph energy
values as weak (<100 x104 J), moderately weak (101-
150 x104 J), moderately strong (151-200 x104 J), and
strong (201-250 x104J), and very strong (>250 x104 J).
In the study, the W value varied between 115.5-389.0
x104J. While Bayindir variety has the highest W value
with 389.0 x104 J, Yavuz (195.5 x104 J), Ikonya (191.5
x104 J), Tugra (157.0 x10* J), Ekiz (127.5 x104J) and
Sehzade (115.5 x10* J) varieties had lower than
average W values (Table 3). Kristensen et al., (2019)
found the W value between 40-293 x104 J and the
mean value of W value as 134.2 x104 J in their study.
According to Pomeranz (1987), the W value of standard
flour is around 141 x 104 J. Some other researchers
have suggested that the W value of standard flour is
characterized in the range of 160-200 x 10 J (Bordes
et al., 2008). Considering the literature information, it
was determined that the W values of the majority of
the varieties examined in this study were almost in the
standard range or higher.

Evaluation of Findings Related to GlutoPeak Analysis

The gluten qualities of bread wheat varieties must be
suitable for the end product.
To determine the gluten quality, information about
water absorption, energy value, and tolerance values
against kneading is obtained with devices such as
micrographs, allographs, chronographs, and
stenographs. These methods require large amounts of
samples and take a long time. In recent years, it has
been stated that the Glutopik device, which gives
results in a shorter time with fewer samples, has been
used to measure gluten quality (Giicbilmez et al.,
2019). GlutoPeak measures the aggregation of wheat
gluten proteins in a flour/water slurry under high-
speed shearing (Melnyk et al., 2011). Studies show that
GlutoPeak parameters can be used to differentiate
wheat flour according to gluten aggregation and dough
rheological properties (Malegori et al., 2018; Zawieja et
al., 2020).

In the research, the mean value of AM (GPU), which is
expressed as torque 15 seconds Before Maximum
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Torque, was determined as 25.6 GPU, and this value
varied between 17.5 and 42.0 GPU (Table 4).
Giigbilmez et al. (2019) and Sahin et al. (2020) reported
that AM values varied between 14-36 GPU and 19.5-
43.8 GPU respectively, in their study of bread wheat
flour.

When the BEM value of the GlutoPeak diagram is
examined, the Bayindir variety has the highest BEM
value of 89 GPU. Daba et al., (2021) determined the
BEM value between 53.5-81.5 GPU, with a mean value
of 64.8 GPU in their study.

The PMT value is expressed as the time (sec) from the
beginning of the GlutoPeak diagram to the maximum
torque. Varieties with strong gluten give lower PMT
and higher BEM values, while the opposite is true for
varieties with weak gluten (Giicbilmez et al., 2019). In
the study, the mean value of PMT was determined as
60.8 seconds, and this value varied between 45.5-87.0

seconds. Wang et al., (2018) stated that the PMT value
varied between 41.3 and 92.3 seconds in the GlutoPeak
analysis studies on bread wheat.

PM value is measured as the torque 15 sec after
maximum torque. Bayindir variety in the study had
the highest PM value with 69.5 GPU, followed by
Selguklu (66 GPU), Taner (58 GPU), Yavuz (56 GPU),
Bozkir (55 GPU), Tugra (54 GPU), Ikonya (52 GPU),
Meke (49 GPU), Ekiz (39.5 GPU) and Sehzade (36
GPU) (Table 4). Daba et al., (2021) are also in
agreement with this study in terms of PM value (43.0-
67.0 GPU).

In the study, the mean value of GPRT calculated by the
GlutoPeak was determined as 13.2%, and this value
varied between 10.8 and 15.7%. The Bayindir variety
in the study had the highest protein content with
15.7%. Sahin et al., (2020) found the mean of GPRT
values as 12.8% in their study on bread wheat.

Table 4. Mean values of GlutoPeak parameters of bread wheat varieties.
Cizelge 4. Ekmeklik bugday g¢esitlerinde glutopik parametrelerine ait ortalama degerler.

Variet, BEM PM GPRT GGLT GW GWA (% v AGGRE
Cosit). AMGPD)  (apyy  PMTGn)  (Gppy ©%) %) 104 9) w) (GPU)
Baymndir 42.02+14.9 89.0a+1.4 28.08+0.0 69.53+2.1 15.72+£0.1 32.4be+().6 6702+16.9 72.32+0.6 21732+£57.1
Bozkir 28.0be£2.1 68.5b+0.7 67.0bc+0.0 55.0c+1.4  13.7b<£0.3  31.6°4+0.0 419cd+8 4 66.4+0.6 1819v+38.5
Ekiz 17.5¢£3.5 59.0¢d+7.1 54.0e+5.7 39.5¢+4.9 11.4e+0.6 25.3¢+1.9 303e+86.2 60.0¢9+2.6 12794+177.9
Ikonya 27.0bcd+4.2 73.00+5.7 55.5d+13.4 52.00d+0.7  13.5°+0.0 32.2b+1.5 450b+17.6 64.1bc+0.8 1577+128.6
Meke 24.004+0.7 66.0p+£2.8 80.0a+9.9 49.04+4.9 12.9¢4+0.1  29.8¢d+0.6 3891+34.6 63.3bc+1.8 17724+26.9
Selcuklu 30.0p+2.9 84.0a+11.3  59.5¢1e+14.8 66.02+9.9 14.7°+0.8 35.0v+2.3 6312+35.3 72.92+6.1 2128a+14.6
Sehzade 16.540.7 51.54+2.1 87.02+12.8 36.0e+1.4 10.8e+0.1 23.6e+0.6 212(+26.1 57.94+0.7 11644+43.0
Taner 27.5be+0.7 71.0b+1.4 45.5+7.8 58.0b+0.7 13.8+0.5 38.2a+0.8 474b+69.2 66.8bc+2.4 1768+3.8
Tugra 22.0de+1.4 67.0v+£0.0 69.0b+1.4 54.0bc+1.4  13.4¢d+0.1 31.3¢d+0.1 40140.0 65.1b¢+0.2 1567+75.0
Yavuz 23.0cd+1.4 65.0vc+4.2 62.5b¢d+10.6 56.0h+4.2 12.74+£0.6 29.24+1.9 3774£51.6 66.17+0.4 1812b+158.1
Ortalama 25.6 69.4 60.8 53.4 13.2 30.8 432.4 65.5 1706
CV (%) 9.0 6.9 6.0 3.5 3.3 4.4 4.4 3.6 5.7
LSDo.o5 5.2 10.8 8.3 4.2 1.0 3.0 43.3 5.3 219.3

CV: Coefficient of Variation, L.SD: Least Significant Differences, @; Different superscripts in the same column indicate
statistically significant differences between the means (/%0.05). AM: Torque 15 sec Before Maximum Torque, BEM:
Maximum Torque, PMT: Peak Maximum Time, PM: Torque 15 s After Maximum Torque, GPRT: GlutoPeak Protein Ratio,
GGLT: GlutoPeak Wet Gluten Value, GW: GlutoPeak Energy Value, GWA: GlutoPeak Water Absorption Capacity, AGGRE:

GlutoPeak Aggregation Energy Value

The GGLT values, which express the wet gluten ratio
calculated by the GlutoPeak device, were found to be
30.8% on average. Taner variety had the highest GGLT
value with 38.2% followed by Selcuklu (35.0%),
Baymdir (32.4%), Ikonya (32.2%), Bozkir (31.6%),
Tugra (31.3%), Meke (29.8%), Yavuz (29.8%). 29.2),
Ekiz (25.3%) and Sehzade (23.6%) varieties (Table 4).
Sahin et al., (2020) found the the mean of GGLT values
as 30.5% in their study.

The mean value GW was determined as 432.4x104 J,
and this value varied between 212-670x10% J. The
Bayindir variety included in the study had the highest
GW value with 670x104 J (Table 4). Sahin et al., (2020)
determined the average GW value as 392.7x104 J.
GWA values varied between 57.9-72.9 % v w'l. While

the Selguklu variety had the highest GWA value with
72.9 % v w1, the Sehzade variety had the lowest GWA
value with 57.9 % v w'! in the study. Gugbilmez et al.,
(2019) determined the GWA value in the range of 52.8-
67.1% v w'! and found the mean value as 61.9% v w'!
in their study on bread wheat flour.

While the mean value of AGGRE obtained from the
GlutoPeak data was determined as 1706 GPU, the
Bayindir variety gave the highest AGGRE value with
2173 GPU. Daba et al., (2021) found the mean value of
AGGRE as 1794.7 GPU in their studies on dough
rheological properties and baking quality of wheat.

Evaluation of Findings Related to Bread Analyzes
While the mean value of bread weight obtained in the
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study was 147.7 g, this value varied between 141-153
g among varieties. In addition, the mean value of bread
volume was 456 cm3, and this value changed in the
range of 410-490 cm3. Aydogan (2016) determined the
bread weight between 141.6-149.5 g and the mean
value as 146.0 g in the study made on bread wheat
varieties grown under irrigated conditions. Also, the
bread volume was determined between 368-485 cm?:
and the mean value was 452.3 cm? in the research.

Evaluation of Relationships Between GlutoPeak Data
and Other Quality Parameters

The data obtained by using classical methods in 10
bread wheat varieties were compared with the data
calculated by the GlutoPeak method. The correlation
coefficients between the GlutoPeak parameters
obtained in the study and other parameters, and their
statistical significances are given in Table 5.

Table 5. Correlation coefficients between GlutoPeak and other quality analyses (r) (n=10)
Cizelge 5. Glutopik ile diger kalite analizleri arasindaki korelasyon katsayilan: (r) (n=10)

Farinograph Alveograph

T}g::iind Test SKCS Protein Zeleny Wet Gluten Falling Water Energy Bread Bread
Weicht Weight Hardness Ratio Sedimentation Gluten Index Number Absorption Value Weight Volume
(Bin %m o (Hektolitre (SKCS (Protein (Zeleny (Yas (Gluten (Diigme (Farinograf (Alveograf (Ekmek (Ekmek
Adirhéy) Agirhigr)  Sertlik) Orani) Sedimentasyon) Gluten) Indeks) Sayisi) Su Enerji  Agirhg) Hacmi)
Q(g)gf (kghl?) (%) %) (ml) (%) (%)  (n) Absorbsionu) Degeri) (&)  (em?)
(%) (x10-4 J)
AM -0.54 -0.76* 0.55 0.66* 0.12 0.66* -0.52 0.55 0.87*%* 0.95%* 0.70% 0.43
BEM -0.69* -0.72* 0.67* 0.72% 0.30 0.77**  -0.36 0.76* 0.93*%* 0.86** 0.88%* 0.58
PMT 0.33 0.29 -0.89** -0.20 0.27 -0.44  0.81% -0.71* -0.77%* -0.74* -0.53 -0.44
PM -0.77%* -0.78** 0.62 0.78%* 0.44 0.85%*  -0.36 0.74* 0.94** 0.85%* 0.86** 0.60
GPRT -0.70* -0.73* 0.58 0.76* 0.37 0.82**  -0.38 0.69* 0.93** 0.88** 0.85%* 0.62
GGLT -0.69* -0.50 0.49 0.59 0.56 0.79** -0.14 0.65* 0.74* 0.67* 0.75%  0.79*%*
GW -0.67* -0.74* 0.67* 0.71% 0.33 0.76* -0.35  0.78** 0.94** 0.87** 0.89** 0.60
GWA -0.74* -0.79** 0.60 0.79%* 0.48 0.83**  -0.32 0.74* 0.94** 0.82%* 0.89** 0.54
AGREE -0.67* -0.83** 0.45 0.79** 0.48 0.74* -0.26 0.60 0.92%* 0.85%* 0.86** 0.50

*(P<0.05) significant at 5% level, ** (/<0.01) significant at 1% level AM: Torque 15 sec Before Maximum Torque, BEM: Maximum Torque,
PMT: Peak Maximum Time, PM: Torque 15 s After Maximum Torque, GPRT: GlutoPeak Protein Ratio, GGLT: GlutoPeak Wet Gluten Value,
GW: GlutoPeak Energy Value, GWA: GlutoPeak Water Absorption Capacity, AGGRE: GlutoPeak Aggregation Energy Value

Relationships Between GlutoPeak Analysis and

Physical Analyzes

It was determined that there was a negative
significant correlation between thousand-grain weight
and BEM (r=-0.69 P<0.05), PM (r=-0.77 P<0.01), GPRT
(r=-0.70 P<0.05), GGLT (r=-0.69 P<0.05), GW (r=-0.67
P<0.05), GWA (r=-0.74 P<0.05) ve AGGRE (r=-0.67
P<0.05). A negative significant correlation between
test weight and AM (r=-0.76 P<0.05), BEM (r=-0.72
P<0.05), PM (r=-0.78 P<0.01), GPRT (r=-0.73 P<0.05),
GW (r=-0.74 P<0.05), GWA (r=-0.79 P<0.01), AGGRE
(r=-0.83 P<0.01) were observed. SKCS had a positive
significant correlation with BEM (r=0.67 P<0.05) and
GW (r=0.67 P<0.05), and a negative significant
correlation with PMT (r=-0.89 P<0.01). Giicbilmez et
al., (2019) reported that they found a significant
correlation (r=0.7607 P<0.01) between BEM value and
hardness value in their study. These findings are
compatible with Giicbilmez et al., (2019) in terms of the
correlations between BEM and hardness value
(r=0.7607 P<0.01).

Relationships Between GlutoPeak Analysis and

Chemical and Technological Analyzes

The correlation coefficients between the GlutoPeak
parameters obtained in the study and the chemical and
technological parameters and their statistical
significance are given in Table 5. No statistically
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significant correlation was found between Zeleny
sedimentation values and GlutoPeak parameters.
Positive significant correlations were determined
between protein ratio and AM (r=0.66 P<0.05), BEM
(r=0.72 P<0.05), PM (r=0.78 P<0.01), GW (=0.71
P<0.05), GWA (r=0.79 P<0.01) and AGGRE (=0.79
P<0.01). Positive significant correlations between wet
gluten and AM (r=0.66 P<0.05), BEM (r=0.77 P<0.01),
PM (r=0.85 P<0.01), GPRT (r=0.82 P<0.01), GW
(r=0.76 P<0.05), GWA (r=0.83 P<0.01), AGGRE
(r=0.74 P<0.01) values were observed. In addition, a
positive correlation was found between gluten index
value and PMT (r=0.81 P<0.05). When the protein
ratio values of the samples made by the Dumas method
and GPRT values were evaluated together; the
differences between varieties were determined as
significant (r=0.76 P<0.05).

Also, when the samples were compared in terms of wet
gluten values; it was determined that the differences
between varieties were significant (r=0.79 P<0.01).
Positive significant correlations were determined
between the falling number and BEM (r=0.76 P<0.05),
PM (r=0,74 P<0,05), GPRT (r=0,69 P<0,05), GGLT
(r=0,65 P<0,05), GW (r=0,78 P< 0.01), GWA (r=0.74
P<0.05) and negative significant correlations were
determined with PMT (r=-0.71 P<0.05). Bouchra et al.,
(2017) stated the positive significant correlation
between AM value and gluten quality, BEM value, and
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protein ratio.

Relationships Between GlutoPeak Analysis and
Farinograph Analysis

When the correlation coefficients and statistical
significance between the glutopic parameters and
farinograph water absorption were examined, positive
correlations between farinograph water absorption
and AM (r=0.87 P<0.01), BEM (r=0.93 P<0.01), PM
(r=0.94 P<0.01), GPRT (r=0.93 P<0.01), GGLT (r=0.74
P<0.05), GW (r=0.94 P<0.01), GWA (r=0.94 P<0.01),
and AGGRE (=0.92 P<0.01) ) and negative
correlations with PMT (r=-0.77 P<0.01) were obtained
(Table 4). The chronograph water absorption made
with the classical method and GWA were evaluated
together and it was determined that the differences
between genotypes were significant at the P<0.05 level
in both. The mean value of water absorption results
made with the classical method was found to be 65.5%,
and the average GWA value was determined as 64.1%.
Similar to this study, Sahin et al., (2020) and
Giicbilmez et al., (2019) reported a significant
correlation between the values obtained with both
devices at the level of r=0.8280 P<0.01 and r=0.9158,
P<0.01, respectively.

Relationships Between GlutoPeak Analysis and
Alveograph Analysis

The autograph W value was evaluated with the
obtained GlutoPeak parameters. It was determined
that there were positive correlations between AM
(r=0.95 P<0.01), BEM (r=0.86 P<0.01), PM (r=0.85
P<0.01), GPRT (r=0.88 P<0.01), GGLT (r=0.67
P<0.05), GWA (r=0.82 P<0.01) and AGGRE (r=0.85
P<0.01), and negative correlations with PMT (r=-0.74
P<0.05).

Relationships Between GlutoPeak Analysis and Bread
Analyzes

When the correlation coefficients and statistical
significance between the GlutoPeak parameters and
the technological parameters obtained from the study
were examined, positive correlations were found
between the bread weight and AM (r=0.70 P<0.05),
BEM (r=0.88 P<0.01), PM (+r=0.86 P<0.01), GPRT
(r=0.85 P<0.01), GGLT (r=0.75 P<0.05), GW (r=0.89
P<0.01), GWA (r=0.89 P<0.01), AGGRE (r=0.86
P<0.01). Also, positive correlations were obtained
between bread volume and GGLT (r=0.79 P<0.01)
(Table 4).

CONCLUSION

According to the data obtained as a result of the
analysis performed with the GlutoPeak device
developed to evaluate the gluten quality in bread
wheat, the high AM, BEM, PM, and AGGRE values
indicate high gluten quality, while the high PMT value
indicates late aggregation and weak gluten.
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A high correlation between GWA and water absorption
values obtained from farinograph analysis (r= 0.94,
P<0.01) was obtained. In addition, it was determined
that there was a significant correlation between GPRT
and protein ratio (r= 0.76, P< 0.01), GGLT and wet
gluten (r=0.79, P<0.01), and GW and allograph W
value (r=0.87, P<0.01).

Rheological measuring devices such as allograph,
chronograph, and stenograph are widely used around
the world to determine dough properties and bread-
making properties of flour. However, bread wheat
breeding studies take a long time (13-15 years).
Especially in the F1-F3 stages after crossing, the
amount of seeds is low (20-25 g), and breeders are
curious about the quality values of the wheat lines they
will develop at these stages. Therefore, there is a need
for analyzers that provide information about
technological analyses using fewer samples. Since 9 g
of sample is used in the GlutoPeak device, it is
considered to be suitable for this purpose. The use of
GlutoPeak device data in breeding stages can provide
a scientifically remarkable contribution to breeders in
the selection of bread wheat in terms of technological
properties. Comparison of GlutoPeak parameters with
allograph, farinograph, or chemical analysis in
advanced stages or variety trials where the sample
amount is high; may be required to make accurate
assessments in terms of results. Considering the
analysis findings of this study (flour water absorption,
flour protein ratio, wet gluten ratio, and dough
alveograph energy value [W]), it was concluded that
GlutoPeak analysis can be used in variety
development and similar studies in wheat because it
gives results in a short time with few samples.
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OZET

Bu ¢alismada, sodyum kazeinat esash S. boulardii ve farkl oranlarda
psyllium miisilaj tozu (PMP; %0, %0.125, %0.25 ve %0.5 (a/h)) iceren
biyoaktif filmlerin gelistirilmesi amacglanmistir. Elde edilen filmler
kalinlik, nem icerigi, suda ¢oziiniirliikk (SC), su buhar1 gecirgenligi
(SBG), opaklik, renk ve kurutma sonrasi probiyotik canlilig1 agisindan
incelenmigtir. PMP ilavesinin filmlerin kalinhk, nem ve SBG
degerleri iizerindeki etkisi énemli (p<0.05) bulunmustur. %0.5 PMP
iceren filmlerin kalinlik, nem ve SBG degerlerinde 6nemli bir artig
tespit edilmistir. PMP konsantrasyonunun film opaklig1 tizerindeki
etkisi  6nemli  (p>0.05)  bulunmamistir.  Ancak, PMP
konsantrasyonunun renk degerleri iizerindeki etkisi 6nemli (p<0.05)
bulunmustur. PMP ilavesi, probiyotigin kuruma stabilitesini énemli
olciide artirmistir (p<0.05) ve en yiiksek canlilik orani %0.25 PMP
iceren ornekte tespit edilmistir. Calisma sonuglarimiz, psyllium
musilaj1 iceren sodyum kazeinat filmlerin probiotik S. boulardii i¢in
tasiyici olarak umut verici bir potansiyele sahip oldugunu
desteklemektedir.

ABSTRACT

This study aimed to develop sodium caseinate-based films
incorporating S. boulardii and different amounts of psyllium mucilage
powder (PMP; 0%, 0.125%, 0.25%, and 0.5% (w/v)). The obtained films
were characterized for thickness, moisture content (MC), water
solubility (WS), water vapor permeability (WVP), opacity, color, and
probiotic viability after the drying process. The addition of PMP had a
significant effect (p<0.05) on the thickness, MC, and WVP values of
the films. The incorporation of 0.5% PMP led to a significant increase
in the thickness, MC, and WVP values of films. While the addition of
PMP did not result in a statistically significant impact on film opacity
(p>0.05), it did have a significant effect on color values (p<0.05). The
incorporation of PMP significantly (p<0.05) increased the drying
stability of the probiotic, with the highest viability observed in the
sample containing 0.25% PMP. Our study results support the
promising potential of sodium caseinate films incorporating psyllium
mucilage as carriers for the probiotic S. boulardii.
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INTRODUCTION

Probiotic is a term used to define "live microorganisms
that provide health benefits to the host when

consumed in adequate amounts." (FAO/WHO, 20086).
However, food products containing probiotics face
several limiting factors during their production
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process, including the structure of the food,
temperature, osmotic and mechanical stress, and acid-
base changes. Additionally, stress factors such as lack
of nutrients, oxygen and temperature requirements,
pH, and competitive microorganisms restrict the
viability of probiotics in the final product (Zoghi et al.,
2020). Therefore, various methods have been
developed to preserve the biological activities of
probiotics during food processing and storage stages
(Espitia et al., 2016). One recent advancement in this
field is the use of edible films as potential carriers for
probiotics (Ceylan & Atasoy, 2023).

Lactobacillus and Bifidobacterium species are
commercially widely used probiotics. Saccharomyces
boulardii is the only yeast with probiotic properties in
the market due to its bio-therapeutic effects (Khodaei
et al.,, 2020; Goktas et al., 2022). The therapeutic
effects of S. boulardii strains are increasing the
demand for products containing S. boulardii in the
probiotic market (Goktas et al., 2022). Although S.
boulardii has been the subject of much research
(Menezes et al., 2018; Santana et al., 2020) in recent
years, there are limited studies (Khodaei et al., 2020;
de Oliveira Filho et al., 2023) on the use of this yeast
in edible packaging formulations containing probiotics.

The health issues and advancements in research are
encouraging researchers to explore and evaluate new
prebiotics that have the potential to contribute to
human health. Psyllium (Plantago ovata) is a widely
used prebiotic. Its seeds are recognized as a powerful
dietary fiber that improves intestinal performance.
Psyllium seeds contain a high proportion of various
monosaccharides, including arabinose and xylose.
Psyllium seeds are rich in bioactive compounds
including minerals such as potassium, sodium and
phosphorus, fatty acids, amino acids, polyphenols, and
flavonoids. For all these reasons, the importance of
products containing fibers obtained from psyllium as a
prebiotic and probiotics is becoming increasingly
important (Martellet et al., 2022; Martellet et al.,
2023). In recent years, psyllium seed mucilage has
been the subject of some research as a new sustainable
film source due to its low cost, biodegradability, and
gel-forming properties (Hajivand et al., 2020; Hal4sz et
al., 2022).

There are limited studies on the use of plant seed
mucilages in edible packaging formulations containing
probiotics (Davachi et al., 2021; Rodrigues et al., 2018;
Semwal et al., 2022). In these studies, it has been
reported that plant seed mucilages increase probiotic
viability in edible films and coatings (Davachi et al.,
2021; Semwal et al., 2022). However, no study could be
found on the use of psyllium (Plantago ovata) mucilage
in edible films with probiotics. For these reasons, the
objective of this study was to develop films containing
S. boulardii with different amounts of psyllium seed
mucilage. The study aimed to investigate the
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physicochemical and optical properties of the films, as
well as the viability of probiotics after the drying
process.

MATERIALS and METHOD
Materials

Sodium caseinate and Psyllium seed were purchased
from Kimbiotek A.S. (Tirkiye, Istanbul) and TOS
Grup (Tiirkiye, Antalya), respectively. S. boulardi was
isolated from Reflor (lyophilized powder; Biocodex,
Gentilly, France). Sodium chloride, glycerol phosphate,
and Dichloran Rose Bengal agar (DRBC) were
purchased from Merck (Darmstadt, Germany) and
YPD broth was obtained from Condalab (Madrid,
Spain).

Obtaining psyllium mucilage powder (PMP)

Psyllium seeds were diluted 1:10 and mixed with a
magnetic stirrer for 2 h at room temperature. Then, to
increase the mucilage yield, it was transferred to 50
mL centrifuge tubes and homogenized in a sonicator
(WiseStir, HS-30D, Korea) at 75% power for 2 min. It
was then centrifuged at 7471 for 40 min. at 4 °C. The
separated supernatant (water) was decanted and the
mucilage in the middle layer was separated. The
remaining seeds were rehydrated and the same
procedures were repeated 2 times. The mucilages were
frozen at -20 °C for 72 h and then dried in a lyophilizer.
The resulting dry mucilage was homogenized with a
grinder and kept at -20 °C until film production.

Obtaining S. boulardii pellets

S. boulardii cells were activated in YPD broth (Yeast
extract, peptone, dextrose) by modifying the method
proposed by Goktas et al. (2022). For this, a capsule
containing S. boulardii was transferred to 10 mL of
YPB broth and incubated at 30°C for 24 h. Then, 3ml
of culture was transferred to 150ml of YPD broth and
incubated at 30°C for 48 h. At the end of the
incubation, the culture was centrifuged in 50 mL tubes
at 4500 rpm at 4 °C for 10 min and the pellet was twice
swashed with sterile physiological saline (0.85%, w v’

n.

Film production

Film production was carried out according to the steps
in Fig. 1 based on the method suggested by Ceylan &
Atasoy (2022a). In total four film-forming solutions
were manufactured which were; control (P-0, without
addition of PMP), film containing 0.125% PMP (P-
0.125), film containing 0.25% PMP (P-0.250), and film
containing 0.5% PMP (P-0.500). Pellets of the
harvested cells (corresponding to 150 mL of culture)
were added to the film-forming solution to reach a
concentration of 108 cfu mL1. Aseptically, 8.5 mL of
solution was transferred into sterile Petri dishes (inner
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diameter 8.5 cm) and they dried at room conditions for
16 h in a laminar flow cabinet at room temperature.
The dry films were carefully removed from the Petri

dishes and stored in sterile zippered bags at 4 °C until
probiotic cell count.

Obtaising e peyllivm
(Plantaga ovaty)
mucilage

Powdereg of mucilage
by Iyophialization

Tianafer of 1.5 ml 7FS
imo winriie pets| dishes

Drylng = o stesile
cabinet & room

emperntuie for 16 %

Preparation of the film
foeming solution
(Polymes + Solvent +
Plasticizer « Mucilage)

Homogenization for 20
méa tn dissodve the

peliots

Peafing the Nims and
uansfering tham w
wlorile Dags

% Sodlum caselnate +
100 mlL sserilized
distilled water « glycerol
* Mucilage (0%, 0.125%
025%, and 0.9%)

Cooling the FFS t0 40 °C
and adding probintic
peliety

Homogaenization with
magnetic stirrer for 1 h

Haolding in » water bath
for ba¥¥ aa hour ot %0 “C

Figure 1. Flow chart of edible bioactive film production
Sekil 1. Yenilebilir biyoaktif film tiretimi akis semasi

Determination of probiotic viability after drying
process

The probiotics viability in films after the drying
process was based on a method proposed by Khodaei et
al. (2020) with modifications. One mL of film-forming
solution was suspended in sterile 9 mL of NaCI (0.85%,
w v1) and then serial dilutions were prepared. One
gram of film samples was dissolved in sterile 99 mL of
NACI at 37 °C and then serial dilutions were prepared.
The number of colonies was counted on DRBC agar for
yeast cells (incubation at 30 °C for 48 h). Additionally,
the stability of probiotics in films after the drying
process was calculated. The viability of the probiotics
was calculated following the drying procedure of the
film-forming solution using Eq. 1.

Viability (%) = 100 x N/N, (1)

where N and No represent the number of viable cells in
the film and the film solution, respectively.

Physicochemical analysis of films

The thickness, moisture content (MC, %), and water
solubility (WS, %) values of the film samples were
determined according to the method described by
Ceylan & Atasoy (2022a). The thickness of the films
was measured from at least 6 points randomly with a
digital micrometer with the precision of 0.001 mm and
the average film thickness was calculated. For MC and
WS analysis, the films cut in 45 mm * 10 mm size were
dried at 105 °C for 12 h. The moisture content was
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calculated using the percent weight loss after drying.
To determine the WS value, the dry film was stirred in
distilled water at room temperature for 3 min. And
then the film was dried at 105 °C. The final weight of
film was measured and the WS was calculated as a
percentage based on the initial weight.

Water vapor permeability

For the water vapor permeability (WVP) of the films,
silica gel dried at 105 °C was transferred into special
containers and the mouth of the container was sealed
with a film. Then, the samples were placed at 25 °C in
a desiccator containing distilled water, and the weight
changes were recorded hourly for 8 h. WVP values of
films were calculated according to the ASTM E 96
(1995) procedure.

Opacity and color analysis of films

L*, a*, and b* values were determined in the films
placed on white paper based on the CIE Lab color
measurement system by colorimeter (Minolta CR-400,
Japan). Also, the AE value of films was calculated
using Eq. 2 (Khodaei et al., 2020). As a standard, the
L*, a*, and b* values on the surface of the white paper
were 90.04, 1.05, and -1.29, respectively.

AE = \[(L'y — L*)? + (a'; — a5)? + (b*y — b*y)? 2
Opacity analysis was performed with a UV/Visible

spectrophotometer (Biochrom Libra, S60, Cambridge,
UK) according to the method specified by Al-Hassan &
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Norziah (2012). The opacity value was calculated by
dividing absorbance at 600 nm wavelength by
thickness (mm).

Statistical analysis

The obtained data were subjected to a one-way
analysis of variance (ANOVA) using SPSS software
(IBM Corp, Armonk, NY, USA). Differences between
samples were determined using the Duncan multiple
comparison test at a 95% confidence level. Edible
bioactive film samples containing different levels of
PMP were compared in terms of tested properties. The
experiments were conducted in triplicate. The results
were presented as mean + standard deviation.

RESULTS and DISCUSSION
Physical properties of edible bioactive films
Fig. 2 presents the thicknesses, moisture content, and

0.10
0.08
0.06

0.04

Thickness (mm)

0.02

0.00

25.00
20.00
b
b

= ‘ .2333
< 15.00 13.1167 3
=
< 10.00

5.00

0.00 =

P-0

P-0.125
®)

Figure 2. Physical properties of edible bioactive films

P-0.125

@

water solubility values of the bioactive edible films
containing different concentrations of PMP. Thickness
is one of the most important parameters affecting the
optical, mechanical, and barrier properties of films
(Ceylan & Atasoy, 2022b). The thickness range of the
edible films was 0.068-0.094 mm. It was observed that
the thickness of the edible films increased with the
addition of PMP. The thickness value of the P-0.050
film was found to be significantly higher (p<0.05) than
the control film. This was probably due to the amount
of solid materials in the film-forming solution (Daei et
al.,, 2022). Film thickness can be affected by the
interaction between the ingredients as well as the
content and amounts of the components in the film
formulation (Zhang et al., 2020). Similar observations
were reported by different researchers (Krystyjan et
al., 2017; Daei et al., 2022) for edible films containing
PMP.

P-0.250 P-0.500

100.00 .
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~ 60.00
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20.00
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©
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Sekil 2. Yenilebilir biyoaktif filmlerin fizikokimyasal ozellikleri
Results are the as mean + standard deviation (n=3). Different lowercase letters indicate statistically significant differences
(p<0.05) between samples. MC, moisture content; WS, water solubility, P-0: control, P-0.125: film containing 0.125% PMP, P-
0.250: film containing 0.25% PMP, P-0.500: film containing 0.5% PMP.
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The melting of edible films is affected by factors such
as moisture content (MC) and water solubility (WS)
(Todhanakasem et al., 2022). In addition, the MC of the
films after drying is of critical importance, as it affects
the viability of probiotics in films (Davachi et al., 2021).
As seen in Fig. 2, the MC value of films increased with
the increase of the PMP content. The MC value of pure
sodium caseinate film was the lowest (13.12%), while
the MC value of the film containing 0.5% PMP was the
highest (19.49%). However, the MC values of the films
containing 0.125% and 0.25% PMP were not
significantly different (p>0.05) from the control film.
The addition of PMP causes an increase in the number
of available active sites for water binding due to the
hydrophilic nature of the mucilage (Badreddine et al.,
2022). This can result in edible films becoming more
hydrophilic and an increase in MC. Zhang et al. (2020)
reported that the MC value increased depending on the
PMP content in films containing different ratios of
whey protein isolate and PMP.

Water solubility (WC) is a property that plays a
significant role in determining the applicability of
edible films in both the food and pharmaceutical
industries. The solubility in water is influenced by the
chemical composition of the films and serves as an
indicator of their stability when exposed to water
(Ceylan & Atasoy, 2022b). Furthermore, the solubility
of probiotic films influences the release of probiotic
cells, and higher WS leads to increased cell release
(Kalantarmahdavi et al., 2021). The solubility of
bioactive films ranged from 83.09% to 85.07% (Fig. 2).
Semwal et al. (2022) reported the WS of probiotic films
containing sodium caseinate and chia mucilage in the
range of 35% and 92%. In another study (Krystyjan et
al., 2017), the WS values of the films containing
different ratios of psyllium mucilage and starch were
found to be between 16.76% and 22.85%. The
differences can be related to the polymers and their
concentrations in the film formulation, as well as the
differences in film preparation methods. In addition,
the high solubility of bioactive films in this study may
be attributed to the utilization of sonication during the
production of psyllium mucilage. Sonication has the
potential to decrease the molecular weight and
increase the polydispersity to some extent, thereby
enhancing solubility (Haldsz et al., 2022). When the
film or coating is utilized as an edible covering and
consumed along with the food, having a high level of
water solubility can prove to be beneficial (Halasz et
al., 2022). While the WS values of the films increased
with the increasing PMP content, the WS values of the
films did not differ significantly (p>0.05). Previous
studies (Krystyjan et al., 2017; Zhang et al., 2020)
showed that psyllium mucilage added to edible films
made from different polymers increased the water
solubility of the films.

944

Water vapor permeability of edible bioactive films

The water vapor barrier (WVP) property of edible films
is crucial for preserving food quality due to the
significant role of water in food deterioration
(Badreddine et al., 2022). Fig. 3 shows the WVP values
found for films containing different concentrations of
PMP. Bioactive films have a low permeability and
WVP values were found in the range of 0.43 to 0.56 g
mm m-2h1kPa’l. Zhang et al. (2020) reported the WVP
values of films containing different ratios of
WPI/psyllium mucilage in the range of 1.27 to 2.43 g
m?t g1 Pal A low permeability implies resistance
against water vapor interactions and hindered passage
due to structural uniformity (Aratjo et al. 2018). As the
concentration of psyllium in the formulation increased,
the water vapor permeability (WVP) generally
increased. Films containing 0.5% (P-0.500 sample)
psyllium had significantly higher (p<0.05) WVP values
compared to the control film. However, films
containing 0.125% and 0.25% psyllium had WVP
values similar (p>0.05) to the control film. Water vapor
transfer generally occurs along the hydrophilic portion
of the film, and therefore, it varies depending on the
hydrophilic-hydrophobic ratio of the film components
(Rojas-Graii et al., 2006). Furthermore, the water
vapor permeability (WVP) value of edible films is
significantly influenced by factors such as film
thickness, moisture content, biopolymer structure, and
extraction method (Hal4sz et al., 2022). Considering
the influence of thickness and moisture on
permeability, the thickness and MC values of the films
containing 0.5% psyllium were found to be consistent
with the WVP results.

Optical properties of edible bioactive films

Optical properties are crucial for edible films and food
packaging applications, as they not only affect
consumer preferences but also the quality of products
(Davachi et al., 2021). The measured opacity values of
the films ranged from 2.011 to 2.416. The opacity
values of the prepared bioactive films were found to be
lower than low-density polyethylene (LDPE, 4.264)
films commonly used as commercial packaging
materials and higher than oriented polypropylene
(OPP, 1.566) films (Guerrero et al., 2011). Hal4sz et al.
(2022) determined the opacity values of pure psyllium
mucilage films containing different proportions of
glycerol in the range of 2.45-3.95. In another study
(Krystyjan et al., 2017), the transparency values of
starch-based films supplemented with psyllium
mucilage ranged from 0.81 to 2.42. There was no
significant difference in opacity among the films with
different concentrations of PMP (p>0.05). This can be
interpreted as the homogeneous distribution of PMP
within the film matrix and its compatibility with the
components present in the formulation. The light
transmittance of films is dependent on the
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microstructural properties of the film and the
homogeneous  distribution of the components
comprising the film. Weak compatibility among the
components in the film matrix increases opacity by
causing scattering or reflection of light at the
interfaces (Zhang et al., 2020). Contrary to our
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findings, Krystyjan et al. (2017) reported that the
addition of psyllium mucilage to starch-based films
resulted in a more transparent appearance. Zhang et
al. (2020) found that the light transmittance of films
prepared with different ratios of WPI/psyllium
mucilage increases depending on the mucilage content.
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Figure 3. Water vapor permeability (a) and light barrier properties (b) of edible bioactive films
Sekil 3. Yenilebilir biyoaktif filmlerin su buhar gegirgenligi (a) ve 151k bariyer ézellikleri (b)

Results are the same as mean + standard deviation (n=3). Different lowercase letters indicate statistically significant
differences (p<0.05) between samples. WVP, water vapor permeability, P-0: control, P-0.125: film containing 0.125% PMP, P-
0.250: film containing 0.25% PMP, P-0.500: film containing 0.5% PMP.

The L7, a*, b*, and AE values of the bioactive films are
shown in Table 1. The L, a%, b*, and AE values were
significantly  (p<0.05) affected by the PMP
concentration in the formulation. The film containing
0.5% PMP was found to have significantly (p<0.05)
lower brightness compared to the control film. The a*
values of the films decreased with increasing PMP
content, while the b* values decreased. The highest AE
values were observed in the films containing 0.25%
and 0.500% PMP. The changes in the color values of

Table 1. Colour characteristics of edible bioactive films

the bioactive films indicate that the addition of PMP
results in a shift toward darkness, greenness, and
yellowness in the film. In contrast to our findings,
Zhang et al. (2020) reported that the mucilage in
WPI/psyllium mucilage-based films led to an increase
in the Lvalue and a decrease in the a, b, and AE values
of the films. The reason for this discrepancy could be
the variety and concentration of materials included in
the formulation, as well as the film production
technique.

Cizelge 1. Yenilebilir biyoaktif filmlerin renk karakteristikleri

Film L a* b* AE

P-0 88.10+0.202 0.40+0.092 2.01+0.52P 3.88+0.56¢
P-0.125 87.62+0.542> 0.20+0.09> 2.09+0.25P 4.27+£0.11¢b
P-0.250 87.70+0.062p 0.01+0.04¢ 3.00+0.31a 5.00+0.292
P-0.500 87.42+0.36P 0.03+0.10¢ 3.46+0.41a 4.82+0.262b

Results are the same as mean + standard deviation (n=3). Different lowercase letters in the same column indicate statistically significant
differences (p<0.05) between samples. P-0: control, P-0.125: film containing 0.125% PMP, P-0.250: film containing 0.25% PMP, P-0.500: film

containing 0.5% PMP.

Probiotic viability after drying of edible bioactive films
Figure 4 demonstrates the probiotic viability after the
drying process in films containing different
concentrations of PMP. There was a decrease in the
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viable cell count during the drying stage of the film-
forming solutions. Khodaei et al. (2020) reported that
the number of S. boulardii cells decreased during the
drying of film-forming solutions in gelatin and low
methoxyl pectin-based films. Similarly, de Oliveira
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Filho et al. (2023) reported that drying of the
filmogenic solution resulted in a reduction in the
number of probiotics in films containing alginate,
mangaba pulp, and S. boulardii.

The probiotic viability in the films after drying was
found to be between 76.61% and 94.87%. The drying
process did not have an acute toxic effect on the
viability of probiotic cells. Semwal et al. (2022)
reported that the drying process in films supplemented
with chia mucilage based on sodium caseinate had no
toxic effect on probiotic cells. This result may be
associated with the moderate temperature application
during drying, allowing the removal of water from
probiotic cells without subjecting them to any
significant thermal stress (Semwal et al., 2022).
Additionally, the presence of sodium caseinate in
bioactive film formulations may have contributed to
the survival of probiotic cells under osmotic stress
during drying. In protein-based films, proteins play a
role in preserving cell membrane integrity by

100.00 a
94.:87
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S 4000 = —
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20.00 = _g
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Figure 4. Viability of probiotics after the drying process

Sekil 4. Kuruma prosesi sonrasi probiyotik canlilig

capturing free radicals and providing micronutrients
(Semwal et al., 2022).

The effect of PMP on the drying stability of the
probiotic was found to be significant (p<0.05). The film
containing 0.25% PMP exhibited the highest probiotic
viability, while the control film showed the lowest
probiotic viability. The cell-protective effect of the
mucilage during the drying process may be attributed
to its chemical composition. Psyllium seeds are
considered a notable source of prebiotics due to their
composition, which includes various monosaccharides
like arabinose and xylose (Martellet et al., 2022). These
polysaccharides play a protective role in the survival of
probiotics by interacting with cell membrane
phospholipids (Semwal et al., 2022). Similarly, Semwal
et al. (2022) discovered that incorporating chia
mucilage based on sodium caseinate in probiotic films
influenced the inactivation rates of L. fermentum and
L. brevis.

Results are the same as mean + standard deviation (n=3). Different lowercase letters indicate statistically significant
differences (p<0.05) between samples. P-0: control, P-0.125: film containing 0.125% PMP, P-0.250: film containing 0.25% PMP,

P-0.500: film containing 0.5% PMP.

CONCLUSION

In this study, bioactive edible films on sodium
caseinate-based incorporating S. boulardii and
different amounts of psyllium mucilage powder (PMP;
0%, 0.125%, 0.25%, and 0.5%) were developed. The
physicochemical, barrier, and color properties of the
obtained films, as well as the viability of probiotic cells
after the drying process, were investigated. The effect
of film formulations was significant on the tested
properties of the films, except for opacity and water
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solubility. The highest thickness, moisture content,
and water vapor permeability were observed in the
samples containing 0.5% PMP. Furthermore, it was
found that PMP led to the formation of darker, greener,
and more yellowish films. During the drying process,
the film formulations did not have a toxic effect on S.
boulardii. Additionally, PMP exhibited a cell-
protective effect during the drying process. The highest
viability after drying was observed in the film
containing 0.25%.
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The obtained results demonstrate that the tested film
formulations were suitable carriers for S. boulardii
cells, and the addition of PMP to sodium caseinate
films enhances the film properties and drying stability
of the probiotic. Our plans regarding the development
of bioactive films containing psyllium mucilage and
probiotics include the utilization of other probiotic
strains, examination of mechanical, SEM, and FTIR
analyses, as well as the investigation of probiotic
viability during storage. Furthermore, it is
recommended that future studies systematically
investigate the applicability of the developed film
formulations for coating various food materials,
thereby expanding our understanding of their
potential in food preservation and packaging. The
current findings demonstrate that the tested
formulations serve as suitable carriers for S. boulardii
and that PMP enhances the film properties and drying
stability of the probiotic. Therefore, bioactive films
incorporating psyllium mucilage and S. boulardii could
present a novel alternative for the probiotic food
market.
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ABSTRACT
This study determines the extracts of bee products prepared with

Food Science

different solvents in terms of phenolic content and antioxidant activity of Research Article

the Hatila Valley and Macahel region of Artvin, Turkey. For this purpose,

water and ethanol extracts of royal jelly and honey; water, ethanol, 70% Article History

ethanol, propylene glycol, and 70% propylene glycol extracts of pollen and Received 124.07.2023
propolis have been analyzed by total polyphenol and flavonoid content Accepted 103.12.2023
and ferric-reducing power. The results of the analysis indicated that

Macahel honey and propolis had higher phenolic content and antioxidant Keywords

activity than Hatila honey and propolis. The propolis of both regions, Artvin

whose mixtures were prepared, was determined as Macahel propolis >
Hatila + Macahel propolis > Hatila propolis in terms of polyphenol and
flavonoid content and ferric reducing power. Although propolis samples

Bee products
Phenolic content
Antioxidant activity

with 70% ethanol and 70% propylene glycol had higher solubility, the
lowest solubility was in water. These differences vary depending on the
geographical location, botanical variations of the region where the bee
products are collected, and the solvent used for the extraction.

Tiirkiye Artvin Ili Hatila Vadisi ve Macahel Ar1 Uriinlerinin Farkl Céziiciilerdeki Fenolik Igeriklerinin
ve Antioksidan Aktivitelerinin Belirlenmesi

OZET Gida Bilimi

Bu calisma, Turkiye'nin Artvin ili Hatila Vadisi ve Macahel yo6resinin

farkli ¢éziiclilerle hazirlanan ar: tirtinlerinin ekstraktlarini fenolik igerik Aragtirma Makalesi

ve antioksidan aktivite yoninden belirlemektedir. Bu amacla ar1 siitii ve . .

balin su ve etanol ekstraktlari; polen ve propolisin su, etanol, %70 etanol, Makale T.ar'lhge.m

propilen glikol ve %70 propilen glikol ekstraktlari, toplam polifenol ve Gelis Tarl}‘u' 24.07.2023
flavonoid igerik ve demir indirgeyici gii¢ agisindan analiz edilmistir. Kabul Tarihi :03.12.2023
Aflaliz sonu(;la}rl Macahel .bah. ve .Iv)ropolisinir} Ha'tila bal ve propolisir}e Anahtar Kelimeler

gore daha yuksek fenolik igerige ve antioksidan aktiviteye sahip Artvin

oldugunu gostermistir. Karigimlari da hazirlanan her iki yo6renin Ar1 iiriinleri

propolisi polifenol ve flavonoid igerik ve demir indirgeyici gig Fenolik igerik

bakimindan Macahel propolisi > Hatila + Macahel propolisi > Hatila
propolisi olarak belirlenmistir. %70 etanol ve %70 propilen glikolli
propolis 6rnekleri daha yuksek ¢ozunurlige sahip olmakla birlikte en
dusiik cozunirlik suda olmustur. Bu farkhihiklar, ari trtnlerinin
toplandigr bolgenin cografi konumu, botanik cesitliligi ve ekstraksiyon
icin kullanilan ¢éziicliye bagh olarak degismektedir.

Antioksidan aktivite

To Cite : Bozkus, T.N., (2024). Determination of Phenolic Contents and Antioxidant Activities in Different Solvents of
Hatila Valley and Macahel Bee Products in Artvin, Turkey. KSU J. Agric Nat 27(4), 949-957. https://doi.org/
10.18016/ksutarimdoga.vi.1331388

Atrf Sekli:  Bozkus, T.N., (2024) Tiirkiye Artvin Ili Hatila Vadisi ve Macahel Ar1 Uriinlerinin Farkl Coziciilerdeki Fenolik

Iceriklerinin ve Antioksidan Aktivitelerinin Belirlenmesi. KSU Tarim ve Doga Derg 27 (4), 949-957.
https://doi.org/10.18016/ksutarimdoga.vi. 1331388

INTRODUCTION

Considering that natural products can help protect
human health, they are in high demand by consumers,
the food industry, and researchers today (Agiiero et al.,

2011). Bee products are particularly notable because of
their increasing importance among these natural
products and their widespread use in various sectors.
Bee products are royal jelly and bee venom, which the
bee secretes directly from its body, and honey, pollen,
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and propolis, which are products that the bee collects
from plants and partially adds to their body secretions
(Rita Elkins, 2011). The biological properties of bee
products vary depending on the vegetation and
geographical characteristics of the region where they
are collected (Kaskoniene, 2010). Bee products can be
used to prevent pathological conditions such as
inflammation, diabetes, cancer, and heart diseases and
to protect human health due to their antioxidant,
antimicrobial, antibacterial, antiviral, anti-
inflammatory, and anticancer properties (Kumazawa
et al.,, 2004; Korkmaz, 2008; Premratanachai &
Chanchao, 2014). Natural bee products with high
antioxidant capacity contain pharmacologically
effective flavonoids, and various phenolic and aromatic
compounds (Buratti et al., 2007; Olszewski et al., 2010;
Nori et al., 2011).

Honey is a natural sweet substance that honeybees
produce from the nectar of flowers, the secretions of
living parts of plants, or the excrement of plant-
sucking insects on living parts of plants, which
honeybees collect, transform, and combine with certain
substances (Mendes et al., 1998; Kahraman et al.,,
2010). While honey contains approximately 70-80%

carbohydrates, 18-20% water, and 1-2% protein,
organic acids, phenolic compounds, and mineral
substances, 1t contains more than 200 chemical

components (Saxena et al., 2010; Otmani et al., 2021).
Bee pollen is formed because of mixing flower pollen
collected by bees with nectar and secretions from the
hypopharyngeal glands (Oliveira et al., 2013). Bee
pollen has a very rich content in terms of proteins,
various amino acids, carbohydrates,
saturated/unsaturated fatty acids, lipids, sterols,
vitamins, terpenes, phenolic substances, enzymes, and
minerals (Villanueva et al., 2002; Campos et al., 2010;
Fuenmayor et al., 2014; Conte et al., 2017). Propolis is
a sticky, resinous natural substance collected by
honeybees from various plant sources. Bees use
propolis to seal holes in honeycombs, smooth the inner
walls of the hive, and protect the entrance from
outsiders (Burdock, 1998). Propolis contains more than
300 chemical components such as polyphenols
(flavonoid aglycones, phenolic acids and esters,
phenolic  aldehydes, alcohols, and ketones),
sesquiterpene quinones, coumarins, steroids, and
inorganic compounds (Khalil, 2006). Royal jelly is a
thick and milky secretion secreted from the
hypopharyngeal and mandibular glands of young
worker bees (Apis mellifera L.) and is used to feed
larvae (Isidorova et al., 2009). Royal jelly generally
consists of 60-70% water, 9-18% protein, 7-18%
carbohydrates, 3-8% lipids and minerals, vitamins,
and essential amino acids (Sabatini et al., 2009).

Artvin is one of the most valuable gene centers that
preserve and house the pure Caucasian bee breed in
Turkey’s beekeeping sector. Thanks to its rich plant
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diversity and ecosystem, the Macahel (Camili) region,
which was declared the first "Biosphere Reserve" of
Turkey by UNESCO, and the Hatila Valley, which
hosts around 1300 rich and diverse plant species with
endemic characteristics, are among the most
important regions of Artvin in terms of beekeeping
(Eminagaoglu, 2015; Anonymus, 2021).

It has been determined that there are a limited
number of studies conducted by different researchers
on bee products from the Artvin region in the literature
(Popova et al., 2005; Silici et al., 2005; Girgin et al.,
2009; Silici et al., 2010; Aliyazicioglu et al., 2013;
Keskin et al., 2019). In addition, while there are no
studies on the bee products of Hatila Valley, one of the
two important regions of Artvin, there are very few
studies on the Macahel (Camili) region (Ozen et al.,
2010; Temiz et al., 2013; Sarikahya et al., 2021).
However, none of these studies included a study in
which bee product samples from Hatila Valley and
Macahel were investigated in terms of phenolic content
and antioxidant activity.

The extraction solvent is as important as the
extraction method in determining the phenolic content
and antioxidant activities of bee products (Cunha et
al., 2004; Sforcin, 2007; Bozkus & Deger, 2022).
Extraction methods can affect the activity of bee
products, as different solvents can dissolve and extract
different components in other bee products (royal jelly,
honey, pollen) just like in propolis (Sforcin, 2007).
Therefore, in this study, water, ethanol, and propylene
glycol were preferred as solvents for the extraction of
bee products, which have not been proven to be
harmful to health. In the literature, there is no study
in which bee product extracts dissolve best among
these solvents and the difference between these
solvents is revealed. This study aimed to determine the
amounts of total polyphenol and total flavonoid content
and antioxidant activities of water, ethanol, 70%
ethanol, propylene glycol, and 70% propylene glycol
extracts from bee product samples (honey, pollen, royal
jelly, propolis) obtained from Hatila Valley and
Macahel and to determine the best solvent for the
samples of propolis. At the same time, the comparison
of the phenolic content and antioxidant activities of all
Hatila Valley bee products, the evaluation of Hatila
Valley and Macahel propolis, and their mixtures in
terms of phenolic content and antioxidant activity are
among the objectives of this study. In this sense, this
study is the first research in this field.

MATERIAL and METHOD
Preparation of Bee Product Extracts

Extracts of natural bee product samples obtained from
the Macahel and Hatila Valley of Artvin province in
Turkey were prepared as follows;

Hatila royal jelly: 15 g of Hatila royal jelly sample was
weighed and 25 mL of pure water and ethanol were
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added to it. These samples were coded as HRJw and
HRJE.

Hatila honey: 15 g of Hatila honey sample was weighed
and 25 mL of pure water and ethanol was added. These
samples were coded as HHw and HHE.

Macahel honey: 15 g of Macahel honey sample was
weighed and 25 mL of pure water and ethanol were
added to it. These samples were coded as MHw and
MHE.

Hatila pollen: 2.5 g of Hatila pollen sample was
weighed and 25 mL of pure water, ethanol, and
propylene glycol were added each. These samples were
coded as HPolw, HPolg, and HPolpc.

Hatila propolis: 2.5 g of Hatila propolis sample was
weighed and 25 mL of pure water, ethanol, propylene
glycol, 70% ethanol, and 70% propylene glycol were
added to it. These samples were coded as HProw,
HPror, HProprg, HPror(70%), HProprc(70%).

Macahel propolis: 2.5 g of Macahel propolis sample was
weighed and 25 mL of pure water, ethanol, propylene
glycol, 70% ethanol, and 70% propylene glycol were
added. These samples were coded as MProW, MProE,
MProPG, MProx(70%), MProrc(70%).

Hatila + Macahel propolis: 1.25 g of Hatila propolis
sample and 1.25 g of Macahel propolis sample were
weighed and 25 mL of pure water, ethanol, propylene
glycol, 70% ethanol, and 70% propylene glycol were
added. These samples were coded as H+MProw,
H+MProg, H+MPropq, H+MProx(70%),
H+MProra(70%).

Royal jelly and honey samples were vortexed, kept in
an ultrasonic bath for 10 minutes, and left to incubate
in a shaker incubator at 25°C at 150 rpm for 24 hours
with continuous shaking to dissolve. Pollen and
propolis samples were vortexed and incubated in a
shaker incubator at 60°C at 150 rpm for 24 hours with
continuous shaking to dissolve. After 24 hours of
incubation, royal jelly, honey, pollen, and propolis
extracts were centrifuged at 2057 g for 10 minutes and
filtered with filter paper. Thus, 600 mg/mL water and
ethanol stock royal jelly and honey extracts, 100
mg/mL water, ethanol and propylene glycol stock
pollen extracts, and 100 mg/mL water, ethanol, 70%
ethanol, propylene glycol, and 70% propylene glycol
stock propolis extracts were prepared. The extracts
were stored in the refrigerator at +4 °C in the dark to
be used in the necessary experiments.

Determination of the Total Polyphenol Content

The total polyphenol content of the extracts was
determined spectrophotometrically according to the
modified Folin-Ciocalteu method (Horzic et al., 2009).
According to this method, 12.5 pl. of bee product
extract, 62.5 pL. of 1:10 diluted Folin-Ciocalteu
reagent, and 125 uL of 20% sodium carbonate solution
(Na2COs) were added to a 96-well microplate. After 30
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minutes of incubation at room temperature and in the
dark, absorbance was measured at 700 nm on a
microplate reader. The total polyphenol content was
calculated using a calibration curve constructed with
gallic acid as standard. The results are given in mg
gallic acid (GA) / g sample.

Determination of the Total Flavonoid Content

The total flavonoid content of the extracts was
determined using the aluminum chloride colorimetric
method (Chang et al., 2002). According to this method,
20 pL of bee product extract, 172 uL of 80% ethanol, 4
uL of 10% aluminum chloride (AlCls), and 4 uL of 1 M
potassium acetate (KCH3COO) solution were added to
a 96-well microplate. After 40 minutes of incubation at
room temperature and in the dark, the absorbance was
measured at 415 nm in a microplate reader. The total
flavonoid content was calculated using a calibration
curve constructed with quercetin as standard. Results
are given as mg quercetin (Q) / g sample.

Determination of Ferric (Fe3*) Reducing Antioxidant
Power

Antioxidant activity with the ferric (Fe3*) reducing
power method was determined by modifying the
method proposed by (Moreira et al., 2008). 40 uL of bee
product extract, 100 pL of 0.2 M phosphate buffer (pH:
6.6), and 100 pL of potassium hexacyanoferrate
[K3sFe(CN)s] were added to each of 1.5 mL microtubes
and incubated at 50 °C for 20 minutes in the dark.
After incubation, the microtubes were cooled. 100 pL
of 10% trichloroacetic acid (TCA) was added to the
mixtures in the microtube and this mixture was
centrifuged at 3000 g for 10 minutes. 100 pL of the
upper phases of the centrifuged samples were taken
from the 96-well microplate and 100 pL of distilled
water and 20 pL of iron (ITI) chloride (FeCls) were
added to them. The final mixture was incubated for 5
minutes at room temperature and in the dark. After
incubation, the absorbance was measured at 700 nm in
a microplate reader. The ferric (Fe3*) reducing
antioxidant power was calculated using a calibration
curve generated with trolox as standard. Results are
given as mg trolox (T) / g sample.

Statistical Analysis

The results were expressed in the form of arithmetic
mean * standard deviation (S.D); n = 4. Data were
statistically evaluated using the R program (Version
4.3). To reveal the relationship between the groups,
normality analysis was performed, and it was seen
that the data were normally distributed. Data were
evaluated with one-way analysis of variance (ANOVA)
and t-test. Based on the results of this analysis, the
Games-Howell post-hoc test analysis was used among
the significant groups, and those with p<0.05 were
considered significant.
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RESULTS and DISCUSSION

In this study, bee product samples obtained from
Hatila Valley and Macahel were prepared in different
solvents and analyzed to evaluate their polyphenol and
flavonoid content and antioxidant activities. The
results of the determination of the total polyphenol

content of the extracts are given as mg GA/g sample in
Table 1, the results of the determination of the total
flavonoid content are given as mg Q/g sample in Table
2 and the results of the determination of the ferric
(Fe3*) reducing antioxidant power are given as mg T/g
sample in Table 3.

Table 1. Total polyphenol content of bee product extracts (mg GA/g sample)
Cizelge 1. Ari iiriinii ekstraktlarinin toplam polifenol icerigi (mg GA/g érnek)
Sample Code Water Extract Ethanol Extract Propylene Glycol

70% Ethanol 70% Propylene

Extract Extract Glycol Extract
HRJ 0.50 £ 0.02 0.43 +0.01
HH 0.12 £ 0.02 0.15+0.04
MH 0.20 £ 0.01 0.19+0.02
HPol 4.76 £ 0.09 17.24 +£0.28 18.93 +£0.63
HPro 6.59+0.13 21.11 +£0.07 29.41 + 0.46 24.24 + 0.642 27.01 +£0.762
MPro 10.07 = 0.24P 76.04 + 0.88P 74.06 + 1.58b 94.04 + 1.84ab 99.12 + 2.75ab
H+MPro 8.59 + 0.15P 67.06 = 1.540 66.65 = 0.920 68.76 £ 2.11ab 72.31 + 3.782b

HRJ: Hatila royal jelly, HH: Hatila honey, MH: Macahel honey, HPol: Hatila pollen, HPro: Hatila propolis, MPro: Macahel
propolis, H+MPro: Hatila+Macahel propolis, GA: Gallic acid. Each value is expressed as mean + S.D., n =4. a: It differs
significantly in terms of solvent (p<0.05). b: It differs significantly in terms of location (p<0.05).

Table 2. Total flavonoid content of bee product extracts (mg Q/g sample)
Cizelge 2. Ari iiriinii ekstraktlarinin toplam flavonoid icerigi (mg Q/g érnek)
Sample Code Water Extract Ethanol Extract Propylene Glycol

70% Ethanol 70% Propylene

Extract Extract Glycol Extract
HRJ 0.16 £ 0.03 0.05 + 0.02
HH 0.02 +0.01 Not detected
MH 0.03 +0.00 Not detected
HPol 0.79+0.13 2.31+0.03 2.56+0.11
HPro 0.67+0.13 6.52 + 0.28 7.98+0.13 5.38 + 0.262 4.52 + 0.302
MPro 0.43 + 0.06P 15.51+0.28> 17.59 + 0.38b 25.93 £ 0.79ab 16.81 + 0.59ab
H+MPro 0.54 £ 0.10P 10.63 £ 0.77b 11.32 £ 0.55P 16.59 + 0.622b 11.49 £ 0.31ab

HRJ: Hatila royal jelly, HH: Hatila honey, MH: Macahel honey, HPol: Hatila pollen, HPro: Hatila propolis, MPro: Macahel
propolis, H+MPro: Hatila+Macahel propolis, Q: Quercetin. Each value is expressed as mean + S.D., n =4. a: It differs
significantly in terms of solvent (p < 0.05). b: It differs significantly in terms of location (p < 0.05).

Table 3. Ferric (Fe3*) reducing antioxidant power of bee product extracts (mg T/g sample)
Cizelge 3. Ari iiriinii ekstraktlarinin demir (Fe3*) indirgeyici antioksidan giicii (mg T/g érnek)
Sample Code Water Extract Ethanol Extract Propylene Glycol 70% Ethanol

70% Propylene

Extract Extract Glycol Extract
HRJ 0.38+0.04 0.26 + 0.01
HH 0.60 +0.03 0.13+0.04
MH 0.69 + 0.04 0.23 +0.01
HPol 7.96 +0.26 36.24 +1.12 47.01 £0.81
HPro 11.10+0.15 20.12 £0.21 33.43 +£0.21 25.97 £0.422 33.36 £ 0.622
MPro 17.82 + 0.25P 141.74 + 0.93P 174.76 + 0.42b 125.21 + 1.89ab 170.48 + 1.80ab
H+MPro 14.40 £ 0.21P 88.74 +0.87> 132.82 + 0.50P 92.27 £ 0.972b 107.88 + 0.692b

HRJ: Hatila royal jelly, HH: Hatila honey, MH: Macahel honey, HPol: Hatila pollen, HPro: Hatila propolis, MPro: Macahel
propolis, H+MPro: Hatila+Macahel propolis, T: Trolox. Each value is expressed as mean + S.D., n =4. a: It differs significantly
in terms of solvent (p < 0.05). b: It differs significantly in terms of location (p < 0.05).

between linden honey obtained from Hatila Valley and
chestnut honey obtained from Macahel, chestnut
honey has higher phenolic content and antioxidant
activity compared to linden honey. Likewise, although
it varies depending on the extraction solvent used, it
was determined the total polyphenol content of Hatila,
Macahel and Hatila + Macahel propolis samples is 6.59

Although it varies depending on the solvent used in the
study, it was detected in the range of the total
polyphenol content of honey samples is 0.12 + 0.02 —
0.20 £ 0.01 mg GA/g honey, the total flavonoid content
is 0.02 £ 0.01 — 0.03 £ 0.00 mg Q/g honey, and the
amount of ferric reducing antioxidant power is 0.13 +
0.04-0.69+0.04 mg T/g honey. It was determined that
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+ 0.13 — 99.12 + 2.75 mg GA/g propolis, the total
flavonoid content is 0.43 £ 0.06 — 25.93 = 0.79 mg Q/g
propolis, and the amount of ferric reducing antioxidant
power between 11.10 + 0.15 — 174.76 + 0.42 mg T/g
propolis. Depending on the solvent used, it was
determined in the range the total polyphenol content
of pollen samples is 4.76 = 0.09 — 18.93 + 0.63 mg GA/g
pollen, the total flavonoid content is 0.79 + 0.13 — 2.56
+0.11 mg Q/g pollen, and the amount of ferric reducing
antioxidant power is 7.96 + 0.26 — 47.01 + 0.81 mg T/g
pollen, while the highest amounts were detected in the
propylene glycol extract. It was determined that the
total polyphenol, total flavonoid, and ferric-reducing
antioxidant power of royal jelly samples were higher in
the water extract than in the ethanolic extract and
varied according to the extraction solvent, respectively:
0.43+0.01 —0.50+0.02 mg GA/g royal jelly, 0.05 + 0.02
—0.16+0.03 mg Q/g royal jelly was between 0.26 + 0.01
—0.38 £ 0.04 mg T/g royal jelly.

In terms of supporting this study, in various studies
with different types of honey, it has been reported that
the amount of polyphenolic substances in chestnut
honey is higher than in other honey (Al-Mamary et al.,
2002; Aljadi & Kamaruddin, 2004; Kiiciik et al., 2007).
Tezcan et al. (2011) determined the total phenolic
content of 10 different honey samples obtained from
the Black Sea region of Turkey in the range of 0.36 +
0.02 — 1.14 = 0.02 mg GA/g honey. From this study, it
was concluded that dark-colored honey such as
chestnut honey show higher antioxidant wvalues
depending on their total phenolic compound content.
In another study conducted by Al et al. (2009) using
water extracts of 24 different kinds of honey in
Romania, they determined that the total polyphenol
content of the honey was in the range of 2.00 — 125.00
mg GA/100 g honey and the total flavonoid content was
in the range of 0.91 — 28.25 mg Q/100 g honey.
Furthermore, they reported that the highest flavonoid
content was found in honey with multiple floral
sources. In another study conducted by Bertoncelj et
al. (2007) with the 7 most common types of honey in
Slovenia, it was found that all honey types contain
phenolic compounds and have antioxidant activity.
The total phenolic content and antioxidant activity
showed great differences between different types of
honey. It was determined that the total amount of
phenolic content and antioxidant activity was the
lowest in light-colored acacia and linden honey, and
the highest in darker honeys such as fir, spruce, and
forest honey. Phenolic compounds have been observed
to be responsible for the antioxidant activity of honey
and it has been determined that there is a significant
relationship between antioxidant activity and phenolic
content (Bertoncelj et al., 2007).

Raw propolis is not an easily consumed mixture due to
the resin- and wax-like substances in its structure. For
this reason, it is necessary to reveal the biologically
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active components in its structure with the applied
extraction method (Pietta et al., 2002; Ozkdk et al.,
2021). Solvents such as ethanol, glycerol,
polyethylene/polypropylene glycol, glycerol, and water
are used in the extraction process (Ozkdk et al., 2021).
Since different solvents can dissolve and extract
different components in propolis, propolis extraction
methods can affect propolis activity (Sforcin, 2007). In
the study conducted by Bozkus and Deger (2022),
Turkish propolis was collected from different provinces
of Turkey and mixed. The water, ethanol, glycerol,
dimethyl sulfoxide (DMS, O), and acetone extracts of
Turkish propolis were found to have total polyphenol
content in the range of 19.7 + 0.29 — 141.2 £ 9.99 mg
GA/g propolis, total flavonoid content in the range of
1.3 £ 0.12 — 55.3 + 6.63 mg Q/g, and ferric reducing
power in the range of 26.2 + 8.57 — 273.8 + 11.62 mg
T/g propolis. Depending on the amount of phenolic
content and antioxidant activity, it was determined
that propolis dissolved best in DMSO, followed by
ethanol, acetone, glycerol, and water. As in the
previous study, in this study, the ethanol extract of
propolis was found to be higher in terms of phenolic
content and antioxidant activity than the water
extract. In a study by Silva et al. (2012) conducted in
three different regions of Portugal, hydroalcoholic
extracts of propolis were found to have significantly
higher polyphenol and flavonoid content compared to
methanol and water extracts. Findings like the study
conducted by Silva et al. (2012) were also determined
in this study, and it was found that 70% ethanol and
70% propylene glycol extracts of propolis generally had
higher phenolic content and antioxidant activity than
ethanol, propylene glycol, and water. The total
polyphenol content ranged from 87.15 + 4.80 — 277.17
+ 7.50 mg GA/g propolis in hydroalcoholic extracts,
58.61 + 3.10 — 181.31 = 4.71 mg GA/g propolis in
methanol extracts, and 18.52 + 1.35 — 72.15 + 1.20 mg
GA/g propolis in water extracts. The total flavonoid
content ranged from 25.15 + 2.53 — 142.32 + 4.52 mg
Q/g propolis in hydroalcoholic extracts, 13.62 + 2.49 —
135.51 + 4.18 mg Q/g propolis in methanol extracts,
and 6.34 + 0.55 — 42.30 + 2.10 mg Q/g propolis in water
extracts.

The results obtained from this study were found to be
compatible with each other when compared with the
data in the literature in terms of the amount of
polyphenol and flavonoid content. In addition, since
different modified methods have been applied in the
literature in terms of ferric-reducing power, it was seen
that the results were in line with the literature data
when compared only with propolis.

In the study, when Hatila Valley propolis, Macahel
propolis, and Hatila + Macahel propolis mixture were
compared in terms of polyphenol and flavonoid content
and ferric reducing power, it was determined that the
order was Macahel propolis > Hatila + Macahel
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propolis > Hatila propolis. In addition, it was
determined that there was a statistically significant
difference between 70% ethanol and 70% propylene
glycol and water, and the lowest solubility was in
water. Only water, ethanol, and propylene glycol
solvents were used in this study. However, the use of
different solvents or solvent combinations can increase
or alter the extraction of different components, which
can affect the antioxidant activity and phenolic
content. Therefore, this study is important for the
optimization of extraction procedures and the most
effective use of bee products, depending on the effects
of different solvents on the phenolic content and
antioxidant activity of bee products.

Kroyer and Hegedus (2001) found the total polyphenol
content of the pollen samples collected from various
places and prepared as water, ethanol, and methanol-
water (1:1) extracts between 7.4 = 0.2 — 9.7 = 0.3 mg
GA/g pollen. The total polyphenol content of the pollen
mixture was determined as 8.2 mg GA/g pollen. When
this study is compared with the study conducted by
Kroyer and Hegedus (2001), the total polyphenol
content of the aqueous and ethanol extracts of pollen
was determined in the range of 4.76 = 0.09 — 17.24 +
0.28 mg GA/g pollen, so the results were different.

Although there are many studies on honey, pollen, and
propolis in the literature, there are not many studies
on the amount of phenolic content and antioxidant
activity of royal jelly. Nagai and Inoue (2004) stated
that royal jelly is a rich mixture of protein and fatty
acids, and the amount of phenolic substances i1s not
very high. In another study, six samples of royal jelly
were collected from the Mediterranean region
(Morocco, Portugal, and Spain), and the total
polyphenol content in their water extracts ranged from
3.0 £ 0.1 -9.0 + 0.8 mg GA/g royal jelly. The total
flavonoid content ranged from 0.1 = 0.0 — 0.5 + 0.0 mg
Q/g royal jelly (El-Guendouz et al., 2020). When the
values in this study were compared with the study
conducted by El-Goundez et al. (2020), the polyphenol
content of the water extract of royal jelly was
determined as 0.50 £ 0.02 mg GA/g royal jelly, while
the flavonoid content amount was determined as 0.43
+0.01 mg Q/g royal jelly, and the results were found to
be compatible with each other.

In this study, when Hatila Valley bee product samples
were compared in terms of polyphenol and flavonoid
content and antioxidant activity, it was determined
that the order was propolis > pollen > royal jelly >
honey. There are many studies in the literature
showing that propolis has a high amount of
polyphenols (Kumazawa et al., 2004; Choi et al., 2006;
Ahn et al., 2007; Moreira et al., 2008; Kalogeropoulos
et al., 2009). Therefore, it is expected that the phenolic
content of propolis is high, and the values obtained
were found to be compatible with the literature.
Furthermore, this study focused only on the Hatila
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Valley and Macahel bee products. Therefore, the
antioxidant activities and phenolic content of the bee
products obtained from other regions and different
climatic conditions will be different.

The main components responsible for the antioxidant
activity of bee products are flavonoids and phenolic
compounds, and these antioxidant effects are closely
related to their free radical scavenging activities
(Eraslan et al., 2008; Kanbur et al., 2009; Hegazi,
2012). Their composition, which varies according to
botanical origin, is also responsible for high levels of
antioxidant activity (Kanbur et al., 2009). Therefore,
both in the studies conducted in the literature and in
this study, it was determined that as the amount of
phenolic substance increased, the total antioxidant
activity increased in parallel.

This study shows that bee products have phenolic
content and antioxidant activity, revealing the
potential health benefits of these natural products.
This can make a significant contribution to existing
knowledge in the field of health and nutrition. In
addition, this study highlights the potential of bee
products for wider use in diet and health applications.

CONCLUSION and RECOMMENDATIONS

Today, bee products are widely consumed as
nutritional supplements and are used in the food,
pharmaceutical, and cosmetic industries. It is known
that honeybee products such as honey, pollen, propolis,
and royal jelly are rich in antioxidants and have
various antioxidant effects and beneficial functions in
the human body.

In this study, when the Hatila Valley bee product
samples were compared in terms of polyphenol and
flavonoid content and antioxidant activity, it was
determined that the order was propolis > pollen > royal
jelly > honey and the values obtained were consistent
with the literature. Therefore, for bee products, it is
possible to say that as the amount of phenolic
substance increases, the total antioxidant activity
increases in parallel. Additionally, when Hatila Valley
propolis, Macahel propolis, and Hatila + Macahel
propolis were compared in terms of phenolic content
and antioxidant activity, it was determined that the
order was Macahel propolis > Hatila + Macahel
propolis > Hatila propolis. In addition, it was
determined that there was a significant difference
between 70% ethanol and 70% propylene glycol and
water, and while the solubility of these solvents was
higher, the solvent with the lowest solubility was
water. It can be concluded from this study that extracts
with less potency are mixed with more active extracts,
resulting in lower activity than extracts with high
activity, but higher activity than extracts with low
activity. This strengthens the idea that such propolis
mixtures can be suitable for different applications in
terms of various sectors such as the food, medical and
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cosmetic industries. Therefore, because of the mixtures
obtained, it will be possible to provide maximum
benefit from this natural product, as well as increase
its value both biologically and economically.

Since Hatila Valley and Macahel bee products have a
rich phenolic content and therefore high antioxidant
activity, they can potentially be used in applications
such as food additives, nutritional supplements, or
functional foods in terms of food science and
technology. This study also shows that the phenolic
content and antioxidant activity of bee products can
vary depending on the type of solvent. This can be an
important factor in the selection of solvents used in the
extraction and processing of bee products, not only in
the food industry but also in various sectors such as
pharmaceuticals and cosmetics.

In conclusion, this study is important for the
conservation and sustainability of local ecosystems, as
it provides important information on the local
biodiversity of certain regions such as the Hatila
Valley and Macahel.
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OZET
Bu calismada Gaziantep ilinde baharathk kirmizibiber treten

Tarim Ekonomisi

isletmelerin liretim maliyetinin hesaplanmasi ve pazarlama yapisinin Aragtirma Makalesi
ortaya konulmasi aclanmistir. Gaziantep ilinin Islahiye ve Nurdag

ilgelerinde baharatlhik kirmizibiber Uretimi yapan 162 tarim igletmesi Makale Tarihgesi

uzerinde gergeklestirilmis olan bu aragtirmada, igletmelerin tiretim Gelig Tarihi  :31.08.2023
maliyeti hesaplamalari, karhlik analizi ve pazarlama yapilar Kabul Tarihi :24.01.2024
incelenmigtir. Tek urtn biitce analiz yontemi kullanilan c¢alismada

incelenen tarim igletmelerinde ortalama olarak 45.41 dekar alanda Anahtar Kelimeler
baharathk  kirmizibiber  tlretimi  gerceklestirildigi, baharathk Kirmizibiber

kirmizibiber tretiminde dekara ortalama degisken masraflarin 1788.20 Maliyet

b da-1, sabit masraflarin 434.10 b da-1 ve toplam {liretim masrafinin Net kar

2222.30 b da-1 oldugu belirlenmistir. Baharatlik yas kirmizibiber verimi Pazarlama marj

ortalama 1656.80 kg da-1, baharatlik kirmizibiber tiretimiyle 3810.64 b Gaziantep

da-1 gayrisafi tiretim degeri elde edilmistir. 1 kg baharathik kirmizibiber
uretim maliyeti ortalama 1.34 b kg-1 olarak tespit edilmistir. Pazara
ulasan kirmizibiberin maliyeti 1.37 b kg-1 olarak belirlenmistir.
Pazarlama masraflar1 dikkate alindiginda, 1 dekar alandan elde edilen
net kar ortalama 1532.76 b, brit kar ise ortalama 1967.04 £ olarak
hesaplanmigtir. Calismanin sonuglarina gore, arastirma bolgesindeki
baharatlik kirmizibiber tireticilerinin 1 Hlik tiretim maliyetine karsilik
elde ettikleri oransal kar ortalamasi tiretim ve pazarlama agamalari igin
sirasiyla 1.72 ve 1.68 olarak hesaplanmistir. Tiketicinin 1 kg kuru
kirmizibibere 6dedigi paranin %17.69u tretici eline gecerken, %82.31’1
aracilarin eline gegmektedir.

Production Cost and Marketing Situation of Spice Red Pepper (Maras Pepper) in Gaziantep Province
ABSTRACT

This study aimed to calculate the production cost and reveal the

Agricultural Economics

marketing structure of the enterprises producing spicy red pepper in Research Article
Gaziantep province. This research was conducted on 162 agricultural Article Hi
enterprises producing spice red pepper in the Islahiye and Nurdag R tlc.e dlstory. 31.08.2023
districts of Gaziantep province. The study examined the production cost Aecewe d ) 24'01'2024
calculations, profitability analysis, and marketing structures of these ieote e
enterprises. Using the single-crop budget analysis method, the study

. Keywords
found that on average, spice red pepper was produced on 45.41 acres of Ted o

land. The average variable costs per acre for spice red pepper production Cost
were determined as 1788.20 b acre-1, fixed costs were 434.10 b acre-1,

. . Net profit
and the total production cost was 2222.30 b acre-1. The average yield of MarlIZeting margin
spice fresh red pepper was 1656.80 kg acre-1, resulting in a gross Gaziantep

production value of 3810.64 b acre-1. The average production cost of 1 kg
of spice red pepper was determined as 1.34 & kg-1. The cost of red pepper
reaching the market was determined as 1.37 b kg-1. Taking marketing
expenses into account, the average net profit per acre obtained was
1532.76 b, and the average gross profit was 1967.04 b. According to the
results of the study, the average proportional profit obtained by spice red
pepper producers in the research area was calculated as 1.72 for
production and 1.68 for marketing, for every 1 b of production cost. While
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17.69% of the money paid by the consumer for 1 kg of dried red pepper
goes to the producer, 82.31% goes to intermediaries.

At:if Sekli:  Yavug, E., & Dagdemir, V., (2924). Gaziantep Ilinde Baharathik Kirmizibiberin (Maras Biberi) Uretim Maliyeti
ve Pazarlama Durumu. KSU Tarim ve Doga Derg 27 (4), 958-966. https://doi.org/10.18016/ksutarimdoga.vi.
1353230
To Cite : Yavuz, E., & Dagdemir, V., (2024). Production Cost and Marketing Situation of Spice Red Pepper (Maras
Pepper) in Gaziantep Province. KSU J. Agric Nat 27 (4), 958-966. https://doi.org/10.18016/ksutarimdoga.vi
1353230
GIRIS 119869 da ekili alanda 256735 ton iretimi yapilmigtir.

Tarim sektorii; dinya niifusunun beslenmesine ve
sanayl sektorinin hammadde ihtiyacin1 karsilamasi
yaninda dig ticaret, istthdam, sermaye tedariki ve gelir
teminine katk:r saglamasi ile dinya ekonomisi
tzerinde buyik bir 6neme sahiptir. Niifus artisiyla
beraber tarim ve gida sektoriindeki arz ve talep de
buna baglhh olarak artmaktadir. Bu artis trendi
icerisinde arz ve talebi artan tarim urinlerinden biri
de baharatlik kirmizibiberdir (Maras Biberi).

Kirmizibiber otsu bir sebze olup hem diinyada hem de
Turkiyede agikta ve tek yillik olarak tiretimi
yapilmaktadir (Verit ve ark., 2001). Insan isgiciine
ihtiya¢  duyularak tarladan  toplanmilan tam
olgunlagmis bu sebzelerin 6nce teknigine uygun bir
sekilde saplari  temizleyerek kurutulmasi ve
ogutulmesi sonucu baharatlik kirmizibiber elde
edilmektedir. Elde edilen kirmizibiberlerin tim
dinyada oldugu gibi Turkiye’'de de kullanim alani ¢ok
genig olup genellikle gida maddesi olarak yemeklere
lezzet, tat, aroma ve renk vermesli icin
kullanmilmaktadir (Coksdyler, 1995). Eski zamandan
bu yana sifa kaynagi olarak bilinen kirmizibiber,
geleneksel ve modern tip alaninda 6nemli bir yere
sahiptir. Halk arasinda romatizma, soguk alginligi,
grip vb. rahatsizliklarda faydali olduguna inanilmakta
olup kalp ve damar ile kanser gibi bir¢ok hastalig:
onleyici ya da tedavi edici 6zelligi oldugu da
bilinmektedir (Beis, 1990; Perucka & Materska, 2001).
Dunyadaki baharathik kirmizibiber tretimi 2019 yili
verilerine gore 4.2 milyon tondur. Hindistan dinya
uretiminin = %41.00'im1, Tayland %8.20’sini, Cin
%7.70'ini, Etiyopya %7.40mm, diger tulkeler ise
%35.70'lik kismini karsilamaktadir. Turkiye 15 bin
ton kirmizibiber tretimi ile diinya uretiminin
%0.36’s11 karsilamaktadir (FAO, 2020).

Diinyada dig ticarete konu olan kirmizibiber miktari
2019 yil1 verilerine gore yaklagik 920 bin ton civarinda
olup ithalat¢1 ulkeler arasinda ilk i1ki sirada Cin
(%19.00) ve Amerika Birlesik Devletleri (%16.20) yer
almaktadir. Diinyadaki baharatlik kirmizibiber
ihracatcis1 tilkeler ise sirasiyla; Hindistan, Cin,
Ispanya, Meksika ve Peru’dur. Hindistan %49.00'1uk
bir oranla ilk sirada yer alirken ayni zamanda ithalat¢i
olan Cin %22.30’lik bir oranla ikinci sirada yer
almaktadir. Tirkiyenin toplam ihracati yaklagik 2786
ton olup ihracattaki pay1 %0.30’dur (FAO, 2020).

Turkiye’de 2020 yilinda baharathk kirmizibiberin

959

Turkiye’de kirmizibiber tiretimi yapan iller tretim
miktarlarina goére sirasiyla Sanhurfa, Gaziantep,

Kilis, Kahramanmaras, Bursa, Aydin, Hatay ve
Mugla’dir. Ekili alanin  %35.87'sini  karsilayan
Gaziantep, toplam Uretimin %25.94’4ntl

kargilamaktadir. Gaziantep’te 2020 yilinda 43 bin
dekar alanda baharathk kirmizibiber ekimi yapilmig
olup 66603 ton iiretim gerceklesmistir (TUIK, 2020).

Uretim maliyetleri, piyasa fiyatlar1 ve verim gibi
faktorlerin kirmizibiber yetistiriciliginin karliligini
etkiledigi ve karliligin belirli kogsullara bagli oldugu
yapilan baz calismalar ile ortaya konulmustur (Akbay
ve ark., 2012; Candemir ve ark., 2012; Citak, 2015; Ilié
ve ark., 2017; Aytop, 2018; Dessie ve ark., 2019; Telek
ve ark., 2019; Hastuti & Sari, 2020; Hayran & Giil,
2020).

Calisma konusu olarak belirlenen kirmizibibere
Kahramanmarag ilinde 14.04.2002 tarihinde “Maras
Biberi” ismiyle menge isaretli olarak cografi igaret
tescili verilmistir (Anonim, 2002).

Baharatlik kirmizibiberin tretim asamasinda yogun
isglciine ihtiya¢ duymasi, ¢esitli tarima dayali sanayi
igletmelerinde hammadde olarak kullanilmasi, i¢ ve
dis pazarin taleplerine cevap vermesi ile tilke ve bolge
ekonomisinde o6nemli bir etkiye sahiptir. Tarim
sektorinde oOnemli bir yeri olan baharathk
kirmizibiber tiretiminde makine igsgiicinden ¢ok insan
igsgiicine ihtiya¢ duyulmakta ve tretim asamasinda

girdi maliyetleri artmaktadir. Serbest piyasa
kosullarinda girdi maliyetlerinin ylksek olmasi
ureticileri olumsuz etkilemektedir. Uretim

asamasinda ne kadar masrafla lretimin organize
edilebilecegine karar verebilen Ttreticiler, uretmis
olduklar1 Griiniin fiyatin1 belirlemede ayni esneklige
sahip degillerdir. Bunlardan dolay1 treticiler i¢in
Uretim ve pazarlama masraflarimin ayrintili  bir
sekilde belirlenmesi biiylik 6nem tegkil etmektedir.

Meveut arastirmada, Gaziantep Ili Islahiye ve
Nurdag Ilgelerinde baharathk kirmizibiber iireten
igletmelerin  iretim maliyetinin  hesaplanmasi,
karhligin olglilmesi, pazarlama yapisinin ortaya
konulmasi, baharathik kirmizibiberin uretimi ve
pazarlanmasinda yasanilan sorunlarin belirlenmesi ve
bunlara yonelik ¢6ziim Onerilerinin gelistirilmesi
amaglanmigtir.
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MATERYAL ve METOD
Materyal

Calismada temin edilen veriler, birincil ve ikincil
verilerden olusmustur. Gaziantep’in Islahiye ve
Nurdag: ilcelerinde baharathik kirmizibiber (Maras
Biberi) iireticiligi yapan isletmelerle yiiz yiize yapilan
anketlerden elde edilen veriler birincil verileri
meydana getirmigtir. Ikincil veriler ise Tirkiye
Istatistik Kurumu (TUIK), Food and Agriculture
Organization of The United Nations (FAO) tarafindan
yayimlanan istatistik verileri, Tarim ve Orman
Bakanhg kayitlari, konu ile 1ilgili ulusal ve
uluslararas1 diizeyde yapilmig tez, makale ve proje
raporlarindan elde edilmigtir. Calisma 2020 yili
uretim donemini kapsamaktadir.

Metotlar
Ornekleme agamasinda kullanilan yontem

Tarim ekonomisi arastirmalarinda tesadiifi 6rnekleme
yontemleri daha ¢ok tercih edilmektedir. Bu yontemin
ayricaligi, oOrnekten elde edilen istatistiklerin
popllasyon parametrelerini, belirli bir glven
araliginda ve bilinen bir hata pay1 ile temsil
edilebilmesi olarak belirtilmigtir.

Arastirmada en saghkli verilere ulasmada, 2020 yihi
Gaziantep Tarim ve Orman Bakanhg I ve Ilge
Miidiirliiklerinde Cift¢ci Kayit Sisteminden (CKS)
alinan bilgiler dogrultusunda baharatlik kirmizibiber
isletmelerinin ekim alanlarinin parcali ve daginik
olmasindan dolay1 ayni igsletmelere ait ekilen alanlar
birlegtirilerek, toplam tretim miktarlar1 hesaba
katilmigtir. Ekilen alanlarin birlestirilmesi sonucunda
Islahiye ve Nurdag ilgelerinde toplam 972 baharathik
kirmizibiber tUreten tarim isletmesinin mevcut oldugu
saptanmigtir. Bu tarim isletmelerinin 566’s1 (%58.20)
Islahiye ilcesinde, 406’s1 (%41.80) ise Nurdag
ilgesindedir. Calisma bo6lgesindeki tarim
igletmelerinin arazi biyiklikleri 2 < n < 200 dekar
olarak belirlenmigtir. Bu o¢l¢ek kapsaminda 2 da
altindaki igsetmelerin sadece 6z tuketim ig¢in uretim
yapmasi, 200 da tizerindeki igletmelerin ¢ok buytk ve
nispetlerinin  ¢ok  disiikk olmasindan  dolay:
popllasyonu temsil etme niteligi tasimadigi
diisunulerek ana kitleye dahil edilmemistir.

Bu nedenle o6rnek igletmelerin seg¢iminde Basit
Tesadifi Ornekleme Yontemi tercih edilmis olup
orneklem kitlesini belirleyecek formil ve hesaplama
Esitlik 1’de gosterilmistir (Dagdemir & Askan, 2004).

2 5.2
N*S"*z
n=

(N -1)*d? 482 * 72

_ 972*1238,49* 2,706
(972 -1) *17,214+1238,49 * 2,706

Burada;

=162 (1)

n = Ornek hacmi

S? = Varyans (1234,49)

z =% 90 giiven araliginda z cetvel degeri (1.645)

N = Ana kitleye ait toplam birim sayis1 (972)

d = Kabul edilebilir hata pay1 (d =X * 0.10) (d = 41.49
*0.10 = 4.149 — d2 = 17.214)

X = Igletme bagina ortalama arazi miktar1 (41.49 da)
%90 giiven sinirinda (z =1.645) ve ortalamadan %10
sapma ile ornek igsletmelerin hacimleri
belirlenmigtir.

Esitlik 1’deki veriler dikkate alindigi zaman toplam
anket sayis1 162 olarak bulunmustur. Gerek anketor
gerekse katilimcilardan kaynaklanabilecek hatal
anketlerin yerine ikame edilmek tzere %10 yedek
anket yapilmig olup analizler 162 anket tzerinden
yapilmigtir. 162 anketin 94 tanesi Islahiye, 68 tanesi
ise Nurdag ilgesindeki igsletmelerle yapilmistir.

Baharatlik kirmizibiber tiretim maliyet analizi

Tarumda veya diger sektorlerde isletmeler her zaman
farkli tretim faktorlerini bir araya getirerek,
toplumun ihtiyaclarini kargilamaya yarayacak bigim,
nitelik ve miktarda iiriin tiretirler. Bu Grtinler mal ve
hizmet seklinde olabilmektedir. Her igsletmenin kendi
faaliyet konusunu olusturan mal ve hizmetleri elde
edebilmek icin harcadigr farkli tretim girdilerinin
para ile olgulen degerine, o Urinin maliyeti
denilmektedir (Dagdemir, 2018).

Maliyet analizindeki veriler baharatlik kirmizibiber
icin 1 dekar alana yapilan {retim masraflarim
gosterecek gekilde dizenlenmigtir. Calismada elde
edilen tum veriler tartili ortalamalar: ifade edecek
sekilde degerlendirilmistir. Baharathik kirmizibiber
uretiminde, biber tohumunu ekmek i¢in toprak
hazirliginin yapildigi asamadan baglayip Uriinin
hasat edilip depolanmasindan pazarlanmasina
kadarki siiregte olan masraflarin tamami iretime
yapilan maliyetleri ifade etmektedir.

Uretim masraflar1 sabit ve degisen masraflar olarak
iki grupta incelenmigtir. Sabit masraflar, tretim
miktarina baglh olarak degismeyen, diger bir deyisle
yapilsa da yapilmasa da ortaya cikan masraflardir.
Arazi kiras1 ve genel idare giderleri (degisen
masraflarin  %3’) sabit masraf olarak dikkate
alinmigtir (Kiziloglu & Dagdemir, 2010). Degisen
masraflar ise liretim faaliyetinin baglamasina olanak
saglayan, tiretim hacmine bagh olarak artan ya da
azalan masraflardir. Degisen masraf kalemleri, is¢ilik
(capalama, giibreleme, ilaclama, sulama, hasat) ve
islemler icin gerekli olan iiretim girdileri (tohum,
giibre, ilag) ile {iretimde kullanilan makine ¢eki giicii
masraflarinin tamami toplanmis ve déner sermaye
faizinin yaris1 da (%12/2) eklenerek degisen masraflar
toplam1 hesaplanmigstir. isgﬁcﬁ ve ¢eki glicii masrafi
hesaplanirken ¢alismanin yapildig: sahada géz 6ntinde
tutulan igglicli licretleri ve makine ¢eki giiclerine ait
kira bedelleri ele alinarak degerlendirilmistir. Uretim
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masraflar: toplaminin dekara verime boliinmesi ile 1
kg kirmizibiber maliyeti hesaplanmagtir.

Isletmelerin aile isgiici; cinsiyet, yas ve caligtiklary
streler g6z 6ntinde tutularak hesaplanmigtir. Cinsiyet
ve yas farkliliklar1 dikkate alinarak mevcut olan
igsgiici EIBne cevrilip meveut is giici varhg:
bulunmustur. EIB’ye cevrilen aile ve yabanc isgiicii,
uretim donemi icerisindeki toplam caligma siiresi ve
giinlik igglici Ttcretiyle carpilarak iggiici gideri
hesaplanmistir (Dagdemir, 2005)

Baharatlik kirmizibiber tiretiminden elde edilen
GSUD, net kar ve briit kar formilleri asagida
belirtilmistir.

GSUD (kg da-1) = Verim * 1 Kg Kirmizibiber Satis
Fiyati

Net Kar (b da-1) = GSUD — Toplam Uretim
Masraflari

Briit Kar (b da-1) = GSUD — Degisen Masraflar
Toplami

Pazarlama marjinin analizi

Pazarlama marji; tiiketicinin Uretilmis olan herhangi
bir Urtinin bir kg1 ic¢in o6dedigi fiyat ile aym
miktardaki tiriine benzer olan ilk trin igin ¢ift¢inin
eline gecen fiyat arasindaki fark olarak tanimlanabilir
(Gilten, 1971; Dagdemir ve Agkan, 2004).

Mutlak Pazarlama Marj = P, — Pr
Pr = 1 kg kirmizibiber igin Ureticinin eline gegen
fiyat

P:=1 kg kirmizibibere tiiketicinin 6dedigi fiyat

BULGULAR ve TARTISMA
Kirmizibiber Uretiminde Sosyal Sermaye

Islahiye ve Nurdag: ilgesinde iiretim yapan baharathik
kirmizibiber {ireticilerinin ankete cevap verenlerin
tamami1 erkek olup yas ortalamasi 50.35 yil olarak
bulunmustur. Yas dagilimina gére ise tureticilerin 35
yag ve alt1 %10.49, 35 ile 55 yas araliginda %51.85 ve
55 yas tuzerinde 1se %37.65 oraninda oldugu
belirlenmigtir. Bolgede onceki yillarda yapilan
¢alismalar incelendiginde son on yillik siirecte tiretici
yasinin dizenli bir sekilde yiikseldigi gérilmekte olup
2010 yillarinin basinda ortalama 45 olan tretici yasi
2015 yilindan sonra 47’ye yiikselmistir (Akbay ve ark.,
2012; Boz, 2013; Aytop, 2018). Bolgede iireticilerin yas
ortalamasinin yukseldigi gérilmektedir. Bu durumun
tilkede uzayan insan 6mri ve genglerin tarimsal
faaliyetlerden uzaklagmas1 ile iligkili oldugu
diustniulmektedir.

Ureticilerin egitim diizeyleri incelendiginde %19.14’
okuryazar, %16.05’1 ilkokul, %19.14’4 ortaokul,
%41,981 lise ve %3,70'inin ise tUniversite mezunu
oldugu tespit edilmistir. Ureticilerin %93.83’iiniin
sosyal guvencesinin oldugu, %6.17’sinin ise olmadig:
belirlenmistir. Ureticilerin %42.59unun tarim dis1
faaliyetlerde de bulunduklari, %57.41'ininde sadece
tarimsal faaliyette bulunduklar: tespit edilmigtir.

Kirmizibiber Uretiminde Arazi Sermayesi

Isleteme arazisi olarak ciftciler tarafindan islenen
toplam tarim arazisi; mulk arazi, kiraya ve ortaga
tutulan arazilerin toplamindan olugsmaktadir. Ortaga
verilen arazi bulunmamaktadir. Arazi tasarruf sekli
Cizelge 1‘de verilmistir.

Cizelge 1. Baharatlik Kirmizibiber Ureten Igletmelerin Arazi Tasarruf Sekli
Table 1. Land Savings of Enterprises Producing Spicy Rea{ Pepper

Arazi Tasarruf Sekli

Isletme Basina Ortalama Arazi Varhig (da)

Kiraya Tutulan

Ortaga Tutulan

Miilk Arazisi

Toplam Iglenen Arazi Varhg

8.37
5.89
85.31
99.57

Arastirma sonucglarina goére isletmelerin ortalama
arazi genigligi 99.57 dekardir. Toplam islenen arazi

varhginin 4545 dekarinda kirmizibiber {retimi
yapilmaktadir. Isletmelerde ortakgilik ¢ok
kullanilmamakta olup ortak¢ilik yapan igletme

sahiplerinin de genellikle akrabalar arasinda oldugu
gozlemlenmigtir. Kiraya tutulan arazi ortaga tutulan
arazi oranindan daha fazla tercih edilmekte oldugu
tespit edilmistir. Ureticilerin arazileri genel olarak
nadasa birakilmayip, topragr hem dinlendirecek hem
de zenginlegtirecek sgekilde degerlendirme yapip
kullandiklar1 tespit edilmis ve kullanilan arazilerin
tamaminin sulu oldugu bildirilmistir.

Bolgede yapilan benzer calismalarda elde edilen
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milkiyet yapisinin gecen siirede degismedigi ve
ureticilerin arazi kullamimlarinin aym sekilde devam
ettigi gorilmektedir. (Akbay ve ark., 2012; Aytop,
2018). Calisma kapsaminda 200 dekar arazinin iist
sinir olarak kabul edilmesi nedeni ile ortalama
kullanilan arazi miktar1 onceki ¢aligmalarin biraz
altinda bulunmustur.

Kirmizibiber Uretim Masraflari ve Maliyet

Baharatlik kirmizibiber tretiminde dekara yapilan
Uretim masraflar incelendiginde tUretim
masraflarinin =~ %80.47’ini  degisen  masraflarin,
%19.53Unt  sabit masraflarin olusturdugu tespit
edilmistir. Degigsen masraflar igerisinde en fazla paya
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iggiicii ve materyal masraflar: sahipken en az paya ise
¢eki giici masraflarinin sahip oldugu tespit edilmigtir.

Cizelge 2. Birim Alana Uretim Masraflar1 ve Dagilimi

Sabit masraflar igerisinde yer alan arazi kiras: tiretim
masraflarinin %17.12’sini olusturmaktadir (Cizelge 2)

Table 2. Production Costs and Distribution per Unit Area

Deger (hdat) Oran (%)
Degigsen Masraflar Toplam1 1788.20 80.47
Isgticii Masrafi 785.30 35.34
Ceki Gticii Masrafi 2562.70 11.87
Materyal Masrafi 649.00 29.20
Doner Sermaye Masrati 101.20 4.55
Sabit Masraflar Toplami 434.05 19.53
Genel Idare Gideri 53.65 2.41
Arazi Kirasi 380.40 17,12
Uretim Masraflar: Toplam1 2222.25 100.00

Biber yetistiriciliginde degisen masraflarin toplam
masraflardaki orani farkli ¢alismalar incelendiginde,
Bayramoglu ve ark. (2021) %73.73, Basaran ve
Engindeniz (2015) %82.39, Ukay (2018) %84.07 ve
Aytop (2018) tarafindan %86.71 oraninda oldugu
belirlenmiglerdir. Diinyada en o6nemli kirmizibiber
ureten tilkelerden olan Hindistan’da Navyasri ve ark.
(2021) tarafindan yapilan calismada konvansiyonel
biber yetigtiriciliginde degisen masraflar %73.00
olarak belirlenmigtir. Degisen masraflar icerisinde
isglici masrafi gerek Turkiye gerekse de diger
ulkelerde yapilan calismalarda en oOnemli masraf
unsuru olarak ortaya cikmistir. Bu durum biber
yetistiriciliginin emek yogun bir Uretim dali oldugu
sonucunu ortaya cikarmaktadar.

Bir dekar baharathik kirmizibiber treten ¢iftginin
tarladaki Urinid i¢in yapmig oldugu toplam tretim
masrafi 222225 b dal olarak hesaplanmigtir.
Baharatlik kirmizibiber verimi 1656.80 kg da‘! olarak
bulunmustur. 1 kg baharatlik kirmizibiber tretim
maliyeti bolge ortalamasinda 1.34 b, pazar maliyeti
1.37 b olarak hesaplanmig olup satis fiyat1 2.30 t'dir
(Cizelge 3).

Candemir ve ark. (2012) tarafindan yapilan ¢calismada
organik kirmizibiber veriminin 1300 kg da’l, tretim
maliyetinin 1.27 b kg'!, Uretici eline gegcen ortalama
fiyatinin 1.34 b kg! oldugu tespit edilmigtir.

Aytop (2018) tarafindan yapilan calismaya gére de
kirmizibiber uretiminde degisken masraflar
toplaminin 1671.94 b da’l, sabit masraflar toplaminin
255.70 b da’l, iretim masraflar: toplaminin ise 1927.64
b da! oldugu belirtilmigtir. Kirmizibiber tretiminde
elde edilen ortalama verim 1558.01 kg da’! olarak
bulunmustur. Uriin ortalama 1.56 b kg’a satilirken,
Urinin birim maliyetinin 1.24 1 kg?! oldugu tespit
edilmigtir.

Kirmizibiber Uretim ve Pazarlamasinda Oransal Kar,
Briit Kar ve Net Kar

Bir dekar baharathk kirmizibiber {iretiminden
ortalama 3810.64 b da! gayrisafi Uretim degeri

saglanmirken 1588.39 b da! net kar, 2022.44 © da’! da
briit kar elde edildigi belirlenmistir. Ureticilerin
uretim i¢cin yaptigi 1 ¥’lik masraf karsiliginda saglanan
kar, yani tretim maliyetine gore oransal kar ortalama
1.72 olarak hesaplanmistir (Cizelge 4).

Baharatlik kirmizibiber pazar toplam masrafi 2277.65
b daVdir. 1 Kg baharatlik kirmizibiber pazar maliyeti
ise 1.37 b olarak hesaplanmigtir. Pazar masraflar
toplami dikkate alindiginda 1 dekardan saglanan net
kar 1532.76 b, brut kar ise 1967.04 b'dir. Pazar
maliyetine gore oransal karin ise 1.68 oldugu tespit
edilmigtir. Arastirma bolgesinde baharathk
kirmizibiber tireticisi igin s6z konusu trtini tiretmenin
karli bir tarimsal faaliyet oldugu anlasilmaktadir
(Cizelge 4).

Candemir ve ark. (2012) tarafindan yapilan calismada
organik kirmizibiberden elde edilen kar marjinin 0.07
b kg1 oldugu tespit edilmistir. Aytop (2018) tarafindan
yapilan calismaya gore kirmizibiberden saglanan kar
marj1 0.32, gayrisafi tiretim degeri 2430.50 b da’?, brit
kar ise 758.56 b olarak tespit edilmistir. Kirmizibiber
uretiminde oransal kar 1.26 olarak belirlenmigtir.

Baharatlik Kirmizibiberin Pazarlama Yapisi

Kirmizibiber yaygin olarak tretimi yapilan ve ciftciler
i¢in 6nemli bir ge¢im kaynagi haline gelen bir bitkidir.
Gaziantep’teki biber yetistiriciligi 6zellikle kuru
kirmizibiber tretimi i¢in yapilmakta, baharat trana
olan pul ve toz biber uretiminde kullanilmaktadir.
Pazara uygunluk bakimindan da kirmizibiber 6nemli
bir yere sahiptir. Kirmizibiber, i¢ pazar i¢in gerekli
oldugu kadar, yabanci tlkelere yapilan dig satim
potansiyeli agisindan da ekonomik bir 6neme sahiptir.

Kirmizibiber treticilerinin tGrinlerini ya direk igleme
tesisleri olan fabrikalara ya da toplayici tiiccarlara
satmakta oldugu tespit edilmistir. Isleme tesisleri ise
baharatlik kirmizibiberleri gerekli islemler sonucunda
toz veya pul biber olarak dogrudan toptanci firmalara
pazarlamakta ya da ihracatg firmalar araciligiyla disg
piyasaya satis1 yapmaktadirlar.
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Cizelge 4. Kirmizibiber Uretim ve Pazar Maliyetine Gore Oransal, Briit ve Net Kar
Table 4. Proportional, Gross and Net Profit According to Red Pepper Production and Market Cost

Degisken Masraflar Toplami (b da') (1 1788.20
Uretim Masraflar: Toplami (b da?) (2 2222.25
Yas Kirmizibiber Verimi (kg da™?) (3) 1656.80
1 Kg Kirmizibiber Uretim Maliyeti (b kg?) (4=2/3) 1.34
1 Kg Yas Kirmizibiber Satis Fiyati (b kg) (5) 2.30
Uretim Maliyetine Gére Oransal Kar (6=5/4) 1.72
Gayrisafi Uretim Degeri (b da) (7=3*5) 3810.64
Uretim Maliyetine Gére Net Kar (b da) (8=7-2) 1588.39
Uretim Maliyetine Gére Briit Kar (b da) (9=7-1) 2022.44
Kirmizibiber Tasima Masrafi (b da) (10) 55.40
1 Kg Kirmizibiber Tagima Maliyeti (b kg'1) (11=10/3) 0.03
Pazardaki Toplam Masraf & da?) (12=2+10) 2277.65
1 Kg Kirmizibiber Pazar Maliyeti (b kg!) (13=12/3) 1.37
Pazar Maliyetine Gore Oransal Kar (14=5/13) 1.68
Pazar Maliyetine Gore Net Kar (b da'!) (15=7-12) 1532.99
Pazar Maliyetine Goére Briit Kar (b da1) (16=7-(1+10)) 1967.04

Anketlerden elde edilen verilere goére treticilerin

%88.27’si  yas-kuru  kirmizibiberleri  fabrikaya,
%11.734 1se toptanci-tiiccara sattiklar1 tespit
edilmigtir.

Aytop (2018) tarafindan yapilan arastirmaya gore
ureticilerin = %79.41't  kirmizibiberi  fabrikalara,
%20.51'1 toptanci/tiiccara sattiklarini, %9.62’si ise
kendilerinin pazarladiklarini bildirmislerdir.

Baharatlhik Kirmizibiberin Pazarlama Marji

Anketlerden elde edilen verilere gore ortalama olarak
5 kg yas kirmizibiberden 1 kg kuru kirmizibiber elde
edildigi tespit edilmigtir. Yas kirmizibiberin satig
fiyat1 2.30 b kg! olarak bulunmustur. Bu hesaba gore
1 kg kuru kirmizibiber icin tiretici eline 11.50 % (5 kg *
2.30 b) gecmektedir.

Kuru kirmizibiber ortalama toptan satis fiyat1 45.00 b
kgl, ortalama perakende satis fiyat1 ise 65.00 b kgt
olarak belirlenmigtir. Perakende satis fiyatina gore
pazarlama marj1 53.50 (65.00 -11.50) b kg! olarak
hesaplanmigtir. Tuketicinin 1 kg kuru kirmizibibere
o0dedigi paranin %17,69'u flretici eline gecerken,
%82.31’1 aracilar eline gegmektedir.

Pazarlama marjinin endistri Griinlerinde ve 6zellikle
ihracata konu olan geleneksel gidalarin iiretiminde
trinlerin igleme ile farklilagmasi1 nedeni ile yiiksek
oldugu ongériillmektedir (Aslan 2022). Kirmizibiber
tretiminde igleme ve tiriin farklilagmalarindan dolay:
marj yiksek olarak degerlendirilmektedir.

Pazarlamada Karsilagilan Sorunlar

Pazarlama yapilirken tureticiler farkli sorunlarla kars:
karsiya kalmaktadir. Ureticilerin %99.38inin trini
pazarlama konusunda yeterli pazarin olmadiginin
onemli oldugunu, %0.62’si de az 6nemli oldugunu ve
%100 inltn de pazarin giuvenilir olmamasinin 6nemli
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ve gerekli oldugunu savunduklari belirlenmigtir.
Uretim miktarinin az olmasini iireticilerin %93.21
onemli, %5.56’s1 az 6nemli, %1.23’G de hi¢ 6nemli
olmadigini ayrica Ureticilerin %86.42’si pazarlamada
rekabet giiciiniin zayif oldugunun 6nemli, %9.88'nin az
onemli, %3.70'inin de 6nemli olmadigini savunduklari
tespit edilmistir (Cizelge 5).

Uretilen triinlerin hasattan sonra yapilan kurutma
iglemlerini yapilirken gerekli tedbirlerin
alinmamasindan olugsan kif sorunlarmmin ve
depolamada yanlis kullanilan materyallerden dolay:
kalite sorunlarimin meydana geldigi Ureticiler
tarafindan ifade edilmistir. Kalite standartlarinin
duisiik olmasi ureticilerin %75.92’s1 tarafindan 6nemli
oldugu, %14.20’si az Onemi %9.88'1 ise Onemli
olmadigini ifade etmislerdir. Ureticilerin pazarlamada
karsilagtiklar1 6nemli sorunlardan biride trun satig
fiyatlarinin diisiik olmasi olup bu sorun tiiketicilerin
%96.91'1  tarafindan o6nemli gorulmekte, %3.09'u
tarafindan ise az 6nemli oldugu belirtilmistir. Biberde
desteklemenin olmamasi1 biber treticilerini tretim
konusunda tegvik ve destek amaciyla olmasinin
onemli oldugunu tureticilerin %76.54’4 savunmakta,
%16.05'1 az Onemli oldugunu, %7.411 1se Onemli
olmadigini savundugu tespit edilmistir. Pazarlamada
aracilarin ¢ok olmasi ureticilerin %91.981 tarafindan
onemli bir sorun oldugu, %6.79u bu sorunun az 6nemli
oldugunu, %1.23i 6nemli olmadigin1 savundugu
belirlenmistir. Aracilarin trini ucuza aldiklarini da
bir sorun olarak belirten tureticilerin %96.91’1 énemli
sorun oldugunu, %3.09u az onemli oldugunu
belirtmiglerdir. Diger o¢6nemli sorunlardan biride
pazarin uzak olma durumudur ve bu sorunun 6nemli
oldugunu belirten ureticilerin %95.681, az Onemli
oldugunu %3.09u, ureticilerin %1.234  sorun
olmadigini belirtmistir. Ayrica nakliye masraflarinin
da 6nemli bir sorun oldugunu %98.77 énemli, %1.23"4
ise sorun olmadiginmi savunmuslardir.
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Cizelge 5. Pazarlamada Karsilasilan Sorunlar (%)
Table 5. Problems Encountered in Marketing (%)

Pazarlamada Karsilagilan Sorunlar Onemli Az 6nemli Hic 6nemli degil
Yeterli pazarin olmamasi 99.38 0.62 0.00
Pazarin giivenilir olmamasi 100.00 0.00 0.00
Uretim miktarmin az olmasi 93.21 5.56 1.23
Rekabet gliciniin zayif olmasi 86.42 9.88 3.70
Kalite standartlarinin disiik olmasi 75.92 14.20 9.88
Uriin satis fiyatlarinin diigiik olmasi 96.91 3.09 0.00
Biberde destekleme olmamasi 76.54 16.05 7.41
Aracilarin ¢ok olmasi 91.98 6.79 1.23
Aracilarin Griini ucuza almasi 96.91 3.09 0.00
Pazarin ¢ok uzak olmasi 95.68 3.09 1.23
Nakliye masraflarinin yiiksek olmasi 98.77 1.23 0.00

Uriin isleme ve degerlendirme agisindan yapilabilecek
bir yonetim ve igletmecilik anlayisi hem bdlge
ekonomisine hem de tUlke ekonomisine katk:
saglayacaktir. Ayrica biber kurutma iglemlerinde
yasanilan aflatoksin olaymin pazarlamada buyuk
sorun olusturdugu gézlemlenmistir. Bolgede yapilan
diger calismalar ile (Akbay ve ark., 2012; Aytop, 2018)

benzer sorunlarin yillar igerisinde devam ettigi
gorulmusgtir.

SONUC ve ONERILER

Gaziantep ilinde baharatlik kirmizibiber tireten

igletmecilerin son on yillik siiregte ortalama yaglarinin
yikseldigi, arazi kullanim yapisimin degismedigi
belirlenmigtir. Uretici ortalama yasimmin siirekli
ilerlemesinin geng¢ nifusun tarima yoénlendirilmesi ile
durdurulmasi stirdurilebilirlik agisindan 6nemlidir.
Ayrica baharathik kirmizibiber Uretiminin
strdiirilebilir olmasi i¢in treticinin pazardan aldig:
pay arttirilmalidir. Kurutma iglemlerini daha hijyenik
ve daha gelismis modern ortamlarda yapilmasinin
pazarlamada kolaylik saglayacagir diisinilmektedir.
Bu konuda gerekli tedbir ve oOnemler yetkililer
tarafindan alinmahdir.

Reklam ve tanmitimlar arttirilmasi ile i¢ ve dig piyasa
satiglarimin kolay bir sekilde yapilmasina yardimci
olunabilecektir. Baharatlik kirmizibiberin kullanim
alanlar1 detayli bir sekilde televizyon, radyo vb. arag
gereclerle anlatilarak halkin bu konu hakkinda
bilgilendirilmeleri 6nerilebilir. Boylece hem tiiketimde

hem de pazarlamada artis saglayacag
distnulmektedir. Ureticilerin Griinlerini kolay sekilde
pazara sunabilecekleri gilivenilir alanlar tahsis

edilmelidir. Ayrica pazarlama konusunda meydana
gelen fiyatlardaki dalgalanmalarda olusan sorunlar
¢ozilerek ureticilerin zarar etmeyecegi sekilde
fivatlarin belirlenmesi i¢in gerekli plan yapilip
kararlar alinmahdir. Yapilacak tegvikler ve
desteklemelerle Gaziantep ve Tirkiye genelinde
uretimin payi, verimi, ekilen alanlarin ve ihracatin
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artis saglayacagi ongorulmektedir.
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ABSTRACT

To assess the impact of COVID-19 on farmers' use of the internet for
agricultural issues. A questionnaire was used to collect data from 188
farmers in Samsun province. For the interpretation of the collected data,
a Paired Sample t-test was used using Python programming language.
Significant differences were found in the number of mobile gigabytes
(GB) owned by farmers, the frequency of attending online agricultural
training, the frequency of visiting the websites of the Ministry of
Agriculture and private companies, the frequency of searching
agricultural issues on the Internet, and the frequency of checking product
and input prices on the Internet compared to before the COVID-19
pandemic. On the other hand, there is no significant difference in the
frequency of using the Digital Agricultural Market (ditap.gov.tr) website,
conducting marketing research on the internet and e-commerce
compared to before the COVID-19 pandemic. The study results suggest
that challenging crises such as COVID-19 can accelerate farmers'
adoption of innovations. The study helps to understand the impacts of
crises such as COVID-19 on the diffusion of information. Understanding
these changes can be useful for policymakers and sector leaders to
develop strategies to support farmers and ensure the continued success
of the agricultural sector during and after the pandemic.

OZET

KOVID-19'un ciftcilerin tarimsal konularda internet kullanimi
uzerindeki etkisini degerlendirmektir. Samsun ilindeki 188 ¢iftgiden veri
toplamak i¢in bir anket kullamilmigtir. Toplanan verilerin
anlamlandirilmas: i¢in Python programlama dili kullamilarak Iligkili
Orneklem t Testi'nden yararlamilmigtir. Ciftcilerin sahip oldugu mobil
gigabayt (GB) miktari, ¢evrimici tarimsal egitimlere katilma sikhig,
Tarim Bakanlhigr ve 6zel sirketlerin web sitelerini ziyaret etme sikligi,
internette tarimsal konularda arama yapma sikligi, internette triin ve
girdi fiyatlarmi kontrol etme sikliklarmda KOVID-19 pandemisi
oncesine gore anlamh farkhihiklar tespit edilmistir. Ote yandan, Dijital
Tarim Marketi (ditap.gov.tr) web sitesini kullanma sikligi, internette
pazarlama arastirmasi yapma ve e-ticaret yapma sikliklarinda KOVID-
19 pandemisi 6ncesine gore anlaml bir fark bulunmamaktadir. Calisma
sonuglari, COVID-19 gibi zorlu krizlerin ¢iftgilerin yenilikleri
benimsemesini hizlandirabilecegini ortaya koymaktadir. Calisma,
KOVID-19 gibi krizlerin bilginin yayilhmi iizerindeki etkilerinin
anlagilmasina yardimci olmaktadir. Bu degisikliklerin anlagilmasi,
politika yapicilarin ve sektor liderlerinin ¢iftcileri desteklemek ve tarim
sektoriniin pandemi sirasinda ve sonrasinda basarisini strdirmesini
saglamak i¢in stratejiler gelistirmeleri agisindan faydali olabilir.
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INTRODUCTION

The COVID-19 pandemic has deeply affected the
society in almost every aspect (Bostan et al., 2020;
Lone & Ahmad, 2020; Phelps & Sperry, 2020; Talevi et
al., 2020; Suryasa et al., 2021) and severely affected
the agricultural sector (Arumugam & Kanagavalli,
2020; Dev, 2020; Gray, 2020; Siche, 2020; Beckman &
Countryman, 2021; Demiryiirek et al., 2021). While
the COVID-19 pandemic has deeply shaken the
agricultural sector, it has also drastically changed the
social lives of farmers. It is thought that farmers' use
of the Internet for agricultural issues may be among
these changes.

The Internet has long been used as a valuable and
useful tool for farmers (Just & Just, 2001; Rolfe et al.,
2003; Yurtlu et al., 2012; Fernando et al., 2016; Alao et
al.,, 2021). Using the Internet, farmers can better
manage the agricultural production process with
decision support applications in agricultural
production (Rose et al., 2016; Demir et al., 2021), learn
weather forecasts in detail (Ray, 2017), access
information on market prices more easily (Kizilaslan
& Goniiltag, 2011), and share information faster (Yan
et al., 2016). Internet use in agriculture also enables
farmers to better communicate with other farmers and
experts in the field.

It is a fact seen in the literature that the problems
experienced by farmers in accessing the internet are
not common and that they generally have access to the
Internet (Just and Just, 2001; Panda et al., 2019;
Derya & Demiryurek, 2020). However, the same
literature review on farmers' use of the Internet for
agricultural purposes shows that farmers' use of the
Internet for agricultural purposes is not common
enough (Smith et al., 2004; Erdal & Calli, 2013). It is
also known that with the COVID-19 pandemic, social
life has been greatly restricted worldwide, and
accordingly, the frequency of people's internet use has
increased. (Branscombe, 2020; Pandey & Pal, 2020;
Sun et al., 2020; Huang et al., 2021). It is also in the
literature that farmers use digital communication
tools (Erjavec et al. 2021) and the Internet more
frequently for sales (Godrich et al., 2022).

In the literature searches, no study was found to
examine the effects of the COVID-19 pandemic on
farmers' use of the internet for agricultural issues.
Therefore, this study aims to fill this gap in the
literature.

The main objective of this study is to reveal the impact
of COVID-19 on farmers' use of the internet for
agricultural issues. In this context, the main
hypothesis of the study is that the COVID-19 pandemic
has a significant impact on farmers' use of the Internet
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for agricultural issues. In addition, this study will also
help to understand the impact of crises such as
COVID-19 on the diffusion of information in rural
areas.

METHODOLOGY

The main material of the study consists of primary
data obtained from the survey conducted with farmers
(face-to-face, online, or both) in Samsun province. In
Samsun province, 188 farmers were interviewed.
Districts that can reflect Samsun province were
selected for the purpose. While selecting the districts
for the purpose, time, personnel, budget constraints as
well as the vital threat posed by the COVID-19
pandemic and the bans imposed due to COVID-19
disease were taken into consideration. In this context,
the survey was completed with a total of 188 farmers,
81 (43.1%) in Bafra, 52 (27.6%) in Carsamba, 29
(15.4%) in Tekkekdy, 15 (8%) in Alacam, 10 (5.3%) in
Terme and 1 (0.5%) in Atakum.

Statistical Analysis

To test the difference in the internet usage status of
farmers before and after the COVID-19 outbreak, a
Paired Sample t-test was conducted through the SPSS
Program.

To determine the level of internet use of farmers before
and after the COVID-19 pandemic, 13 statements were
asked of farmers. Farmers were asked to answer each
statement as Disagree=1, Neutral=2, or Agree=3.
Farmers could score at least 1 and at most 3 points for
each statement. The score for each statement was
summed and a score was created for internet use in the
agricultural sector. The scores were averaged and a
Paired Sample t-test was applied.

Limits and Permissions

Researchers faced many travel restrictions during the
data collection period, such as curfews or bans on
travel by private vehicle. In addition, several bans
were also imposed on farmers, the target audience for
data collection, but the government was more flexible
towards farmers.

As the impact of the COVID-19 pandemic intensified,
the Ministry of Health required all researchers to
obtain permission to study COVID-19. According to
this requirement, since the thesis topic involved
COVID-19, an application was submitted to the
Ministry of Health and the necessary permits were
obtained for all researchers.

Apart from the official bans, the lethal risks of the
disease prevented farmers and researchers from
meeting from time to time and shortened the duration
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of the research. Despite all these limitations, the study
was completed.

Findings

This section presents the results of the analysis of the
data collected to answer the research questions and
test the hypotheses. Analyses were conducted
following the methodological approach of the study.
The findings are explained and interpreted.

When the socio-demographic characteristics of the
farmers participating in the study are analyzed in
Table 1, it is seen that 89.9% of the farmers are male.
17.6% of farmers did not continue their education after
primary school. 51.6% of farmers consider the farming
profession profitable.

The average age of the 188 farmers participating in the

Table 1. Descriptive of farmers
Cizelge. Tanimlayici bilgiler

study 1s 49.77 years. The youngest farmer is 25 years
old and the oldest farmer is 75 years old. It was
determined that farmers had an average of 21.62 years
of agricultural experience. The farmer with the highest
agricultural experience is 60 years, while there are
also farmers with no experience. Looking at the land
assets of the farmers participating in the research; it is
seen that the average land owned by the farmers is
69.83 decares and the largest is 4000 decares. The
average amount of internet used by the farmers on
their smartphones is found to be 9.02 GB per month.
When the internet use of farmers before and after the
COVID-19 pandemic was analyzed, significant
differences were observed in some transactions
performed by farmers. Related findings are presented
in Table 3.

Descriptive Statistics Frequency Percent
Gender
Female 19 10.1
Male 169 89.9
Education Level
Primary School 99 17.6
Middle School 15 2.7
High School 47 8.3
University 27 4.8
Finding a Farming Profession Profitable
Finds it's Profitable 91 48.4
Not Profitable 97 51.6
Table 2. Age, experience, lands, and mobil gb of farmers
Cizelge 2. (ifteilerin yasi, deneyimi, arazileri ve mobil internet kullanimi

Minimum Maximum Mean Standard Deviation
Age 25 75 49.77 11.358
Agricultural Experience (years) 0 60 21.62 10.452
Land Assets in Ownership 0 4000 69.83 317.926
Amount of Mobile Internet Owned (GB) 0 35 9.02  4.966

As can be seen in Table 3, there have been differences
in some transactions of farmers after the COVID-19
pandemic. According to these results, the amount of
mobile GB in farmers' smartphones, the frequency of
farmers' participation in online agricultural training,
the frequency of farmers' banking transactions over
the internet, the frequency of farmers' researching the
problems they experience during agricultural
production over the internet, the frequency of farmers'
visiting the websites of companies and unions in the
agricultural sector, the frequency of farmers' visiting
the website of the Ministry of Agriculture and
Forestry, the frequency of farmers' checking product
and input prices over the internet increased compared
to before the COVID-19 pandemic and these increases
were found to be statistically significant.
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The first expression which states that there is a
significant difference in the amount of mobile GB in
farmers' smartphones compared to before the COVID-
19 pandemic, is accepted (t=-13.521, p<0.001). There is
an average increase of 2.58 GB in the amount of mobile
GB that farmers have on their smartphones. When the
literature is examined, there are studies with similar
findings (Demiryurek et al., 2021). It is seen that the
internet use of farmers has increased with the COVID-
19 pandemic.

It is seen that there is no significant change in the
frequency with which farmers perform Digital
Agricultural Market (ditap.gov.tr) transactions (t=-
1.640, p>0.05). A similar result was found in a study
conducted across Tiirkiye (Demiryurek et al., 2021).
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Table 3. Impact of covid-19 on farmers internet use
Cizelge 3. Covid-19'un cift¢ilerin internet kullanimi lizerindeki etkisi
Expression Mean = SD Before Mean + SD Mean Difference t D
the Pandemic After Pandemic + ss

Mobile Internet (GB) 6.44+4.17 GB 9.02+5.49 GB  -2.58+2.6 -13.521 .000*
Digital Agriculture Market 1.03£0.19 1.05£0.25 -0.02+0.17 1.640  .103
(ditap.gov.tr) density of use
The frequency with which farmers
search for new markets to sell their 1.06+0.32 1.08+0.35 -0.224+0.46 -1.345  .180
agricultural products
Frequency of farmers' participationin ; (o 4 o7 1.16£0.49 -0.08+0.34 -3.204  .002*
online agricultural education
Frequency of farmers' online banking 79, gq 1.88+0.92 -0.08+0.56 -2.084  .039*
transactions
Frequency of farmers researching on
the internet to solve the problems they ; o4, g 1.39:0.74 -0.14+0.52 -3.879  .000*
encounter during agricultural
production
Frequency of farmers visiting the
websites of companies and unions in ~ 1.25+0.51 1.48+0.71 -0.23+0.52 -6.103  .000*
the agriculture sector
Frequency of farmers' visits to the
website of the Ministry of Agriculture 1.32+0.54 1.55+0.72 -0.22+0.46 -6.573  .000*
and Forestry
Farmers selling agricultural products

. 1.07+0.31 1.12+0.39 -0.04+0.30 -1.899  .059
on the internet
Frequency of farmers checking the
prices of agricultural products they can 1.51+0.64 1.85+0.79 -0.34+0.50 -9.193  .000*
sell on the internet
The frequency with which farmers
check the prices of inputs required for 1.55+0.62 1.84+0.77 -0.28+0.52 -7.579  .000*
agricultural production online
The frequency with which farmers
conduct research about irrigation on  1.15+0.47 1.19+0.52 -0.03+0.36 -1.404 .162
the internet
Frequency of farmers obtaining
information about the marketing of =, ;) 45 1.190.51 -0.04£0.37 1741 .083

agricultural products they can sell
from the internet

It is seen that farmers are slightly more likely to
attend online information meetings on agricultural
issues than before the COVID-19 pandemic (t=-3.204,
p<0.05). However, it is seen that this significant
increase is one of the least changed transactions when

Table 4. Test of main hypothesis
Cizelge 4. Ana hipotezin test edilmesi

the difference between the other transactions is
analyzed. In a study conducted in the literature, it is
stated that farmers' participation in agricultural
information meetings organized online has increased,
but there is still no change in the majority of them
(Demiryurek et al., 2021).

Hypothesis Mean + SD Before theMean + SD AfterMean Differenceﬂ:t
Pandemic Pandemic SD P

There is a significant increase
in farmers' use of the Internet

for agricultural issues 15.21+£4.09 16.77+5.16 1.56+2.37 -9.014  .000*

compared to before the COVID-
19 pandemic.
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A new score was calculated from the sum of the
statements in Table 3 and farmers' use of the Internet
for agricultural issues was analyzed. In this case, a
statistically significant increase is observed and the
main hypothesis is accepted (t=-9.014, p<0.001). It can
be said that the COVID-19 pandemic may have had an
impact on farmers' use of the internet and its use in
agricultural issues.

A review of the literature shows similar results to the
findings of the study. A study conducted in Slovenia
found that farmers use digital communication tools
more frequently (Erjavec et al., 2021). In another study
conducted in Costa Rica, it was determined that
farmers increased web-based sales with the effect of
COVID-19 (Godrich et al., 2022).

CONCLUSIONS and RECOMMENDATIONS

The COVID-19 pandemic may have had a significant
impact on farmers' use of the internet for agricultural
issues. The pandemic, together with factors such as
social distancing and mobility restrictions, may have
led farmers to turn more to digital platforms for
information access and marketing strategies. In
particular, issues such as marketing of agricultural
products, exchange of information on agricultural
techniques, weather forecasts, and agricultural
policies have become easier and faster to follow online.
This may have increased the importance of the
Internet as a source of information for agricultural
activities in rural areas. For example, online
agricultural seminars, web-based training programs,
and social media groups can help farmers become more
aware of agricultural issues.

The findings of this study, in addition to the studies in
the literature, showing a higher behavioral intention
to adopt technology when individuals are ready for
technology (Lin & Hsieh, 2007; Yap et al., 2023), show
that individuals can adopt technology even if they are
not ready for the technology. The findings suggest that
knowledge diffusion may accelerate in the agricultural
sector, affected by crises.

It is a matter of curiosity what will happen to the
information diffusion that accelerated in the
agricultural sector as a result of the COVID-19 crisis
once the effects of the COVID-19 crisis subside. It is
the authors' recommendation to conduct a study on
this issue.
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ABSTRACT

This study examined trends in per capita consumption of game meat,

Agricultural Economics

mutton, pork, and total meat and provided evidence of their correlation Research Article
with key macroeconomic factors in Nigeria. Data from the Food and . .
Agricultural Organization (FAO), the Central Bank of Nigeria (CBN), Artlc.l e Hlstory'
and the World Bank (WB) covering the period 1981-2021 were analyzed. Received ) 20.07.2023
The results showed that game meat, mutton, pork, and total meat Accepted - 18.01.2024
consumption per capita recorded annual exponential growth rates of - K d
i . eywords
0.87%, 2.05%, 2.08%, and -0.54%, respectively. The empirical results Meat
showed that the inflation rate, nominal exchange rate, GDP per capita, Trend
credit to the agricultural sector, and the capacity utilization rate in the Macroeconomic
meat industry influence the per capita consumption of game meat, Nigeria

mutton, pork, and the total meat consume in both the short and long-run
periods. To increase the per capita meat consumption in the country, it is
strongly recommended that appropriate macroeconomic measures should
be adopted to reduce the current inflation rate and the nominal exchange
rate (N/$). At the same time, concerted efforts should be made to increase
Nigerians purchasing power through an increase in the per capita GDP.

Kisi Bagina Et Tiiketimi: Nijerya'daki Trend ve Makroekonomik Belirleyiciler

OZET

Bu calisma, av eti, koyun eti, domuz eti ve toplam etin kisi basina

Tarim Ekonomisi

tiuketimindeki egilimleri incelemis ve bunlarin Nijerya'daki temel Aragtirma Makalesi
makroekonomik faktorlerle korelasyonuna dair kanitlar saglamistir.

Cida ve Tarim Orgiitii (FAO), Nijerya Merkez Bankas: (CBN) ve Diinya Makale Tarihgesi
Bankasimin (WB) 1981-2021 dénemini kapsayan verileri analiz edildi. Gelig Tarihi  :20.07.2023

Sonuclar, kisi basina av eti, koyun eti, domuz eti ve toplam et tiikketiminin
sirasiyla -%0,87, %2,05, %2,08 ve -%0,54 oraninda yillik tstel bliytime

Kabul Tarihi :18.01.2024

oranlar1 kaydettigini gosterdi. Ampirik sonuglar enflasyon oraninin, Anahtar Kelimeler
nominal déviz kurunun, kisi bagina disen GSYH'nin, tarim sektoriine Et

verilen kredinin ve et endustrisindeki kapasite kullanim oraninin her iki Akim

ulkede de kisi bagina av eti, koyun eti, domuz eti tiiketimini ve toplam et Makro ekonomi
tiketimini etkiledigini gostermistir. kisa ve uzun vadeli donemler. Nijerya

Ulkede kigi basina et tiitketiminin artirilmasi amaciyla, mevecut enflasyon
oraninin ve nominal déviz kurunun (N/$) diisiiriilmesine yénelik uygun
makroekonomik 6nlemlerin alinmasi 6nemle tavsiye edilmektedir. Aym
zamanda kigi bagina diigen GSYIH'yi artirarak Nijeryalhlarin satin alma
glicini artirmak igin ortak ¢aba sarf edilmelidir.

Atif Sekli: Akpan, S. B, Udoh, E. J., & Nkanta, V. S. (2023). Kisi Bagina Et Tiiketimi: Nijerya'daki Trend ve
Makroekonomik Belirleyiciler. KSU Tarim ve Doga Derg 27 (4), 973-983. https://doi.org/10.18016/
ksutarimdoga.vi.1329540.

To Cite : Akpan, S. B., Udoh, E. J., & Nkanta, V. S. (2023). The Per Capita Meat Consumption: The Trend and

Macroeconomic Determinants in Nigeria. KSU J. Agric Nat 27 (4), 973-983. https://doi.org/10.18016/
ksutarimdoga.vi.1329540

INTRODUCTION

The Nigerian meat industry has recently been
challenged by several factors and its production has
been undermined by poor processing facilities and the

unregulated market system, among others (Babatunde
and Qaim, 2010; Agboola and Balcilar, 2012; Ogbeide,
2015; Akpan, 2022a). Despite the disadvantages, the
production and consumption of meat in Nigeria offers
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huge potential for both domestic and foreign
investment. However, efficient and sustainable
production and consumption of meat as well as other
agricultural products are anchored, among other
things, in a stable and favorable economic environment
(Akpan et al., 2014, Akpan and Udo 2021, Akpan and
Umoren, 2021). As the OECD (2023) notes, meat
consumption is linked not only to macroeconomic
uncertainties and GDP shocks, but also to living
standards, nutrition, animal production, and
consumer prices.

According to recent surveys, the demand for meat in
sub-Saharan Africa especially in Nigeria is increasing
(Reardon et al. 2021; FAO 2021). The increasing
activities in the meat industry in Nigeria have
provided food for millions of people and provide
excellent livelihoods (OECD, 2023). The increase in
youth population, improved human and social capital,
personal income, and expanding cities and towns are
some of the factors that have contributed to the
increase in demand for meat and its derivatives
(Akpan 2022a; Akpan and Nkanta 2022; OECD 2023).
Despite the boom in meat and demand for meat
derivatives in the country, the supply capacity is
fundamentally small-scale and has a marginal annual
production growth rate (Babatunde and Qaim 2010;
Agboola and Balcilar, 2012; Ogbeide, 2015; Odoemena
et al., 2020).

Given the country's current population of more than
200 million (NPC, 2023; Akpan and Ebong, 2021),
there are enormous challenges in meeting citizens'
recommended animal protein requirements. In
addition, most of the country's livestock farmers are
resource-poor and affected by climate change, conflict,
and economic changes, among others (Bamaiyi, 2013;
Akpan and Monday 2021). In addition, most of the
country's population (which is young) quickly adapts to
a diet rich in animal protein and its derivatives
(Ogbeide, 2015; Akpan et al., 2015). As a result, the
consumption of meat and its by-products in the country
is increasing sharply. It is imperative to increase
domestic production to prioritize the minimum animal
protein consumption needs of Nigerians (Osazuwa-
Peters, 2021; Odetokun et al., 2021, Akinsulu, et al.,
2019; Arowolo, et al., 2021; Elegbede, et al., 2018).

The adequacy of meat consumption in the country is
easily assessed using the index of meat consumption
per capita. Meat consumption per capita represents
the average amount of meat (in kilograms) available to
a person at a given point in time in a well-defined area.
It is calculated by dividing the total meat consumption
(i.e. the sum of total domestic meat production, total
imported quantity, and total game meat in kg) by the
total population at a given point in time. The Meat
Consumption Index per capita measures the
availability of meat for all citizens of a country at any
given time. In Nigeria, per capita meat consumption is
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roughly equal to per capita meat production as the
country rarely exports meat products (FAO, 2023).

In Nigeria, the per capita meat consumption index is
much lower than in most African countries. Between
2018 and 2020, the average African consumed 12.7 kg
of meat per year (OECD/FAO, 2019). Chicken meat
had the highest annual consumption on the continent
at 5.77 kilograms per capita. Meanwhile, Africa had
the lowest meat consumption per capita in the world
for the same period. In 2019, according to OECD/FAO
(2021a), the Seychelles had the highest per capita
amount of meat available for human consumption in
any country in Africa. The average meat supply on the
African island was 65 kilograms per person. South
Africa followed in second place with a supply of almost
64 kilograms per capita. In contrast, Burundi and the
Democratic Republic of the Congo had the lowest
annual meat stocks, at just 3.8 kilograms and 2.4
kilograms per person, respectively.

Furthermore, according to statistics, Nigeria's per
capita meat consumption in 2021 was 8.30 kg per
person per year, which is much lower than most
African countries (FAO, 2023; OECD/FAO, 2021b). It
is also well below the average consumption of 19.0 kg
person-1 across the continent and the minimum
consumption recommended by the World Health
Organization for adults (0.830 g kg-1 body weight per
day) (FAO, 2019; OECD/FAQ, 2022). To address the
problem of animal protein shortages in Nigeria, the
three levels of government have implemented specific
policies in line with the federal government's Livestock
Transformation Framework. The livestock
transformation program was designed to increase the
production and consumption of animal protein sources
to meet the average minimum protein requirement of
most Nigerians in 2027 (Williams, 1989; Ojiako and
Olayode 2008; Akpan 2022a). However, one of the
expected outcomes of the livestock transformation
program, which is an increase in meat consumption
per capita, depends, among other things, on a sound
macroeconomic and political environment (Udah et al.,
2015a, Udah et al., 2015b; Akpan et al., 2015; Udoh
and Akpan, 2019; Akpan and Umoren, 2021; Ecker and
Hatzenbuehler 2022, Akpan 2022b). The literature has
provided evidence that agricultural production and
food consumption are strongly associated with
macroeconomic fundamentals in developing countries
(Akpan et al., 2012; Udah et al., 2015b; Udah et al.,
2015¢; Akpan et al, 2021; Akpan and Udo, 2021;
Mekonnen et al. 2021; Ecker and Hatzenbuehler 2022).

Although there is little literature on this core topic, its
contributions need to be validated and updated,
especially given that unexpected economic downturns
have bewildered the country in recent years. From the
archive, Simo-Kengna et al. (2018) several factors
affecting meat consumption in SEAFO countries. The
results showed the price of meat, the country's GDP,
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the rate of inflation, the amount of exports, and
imports, and the size of urban areas. Similarly, Akpan
and Udo (2021) made connections between the gross
domestic meat and milk production indices and the
macroeconomic fundamentals of Nigeria. The results
show that the long-run determinants of milk and meat
production are GDP per capita, nominal exchange rate,
and land density, while the short-run determinants
are income per capita, economic creditworthiness, and
land density. In addition, Betru and Kawashima
(2009) identified the factors affecting meat
consumption in Ethiopia. Their results showed that
cities and personal income had a significantly positive
impact on meat consumption. James et al. (2009)
examined beef demand drivers and opportunities for
improvement in the United States. Their results
showed that there was a significant positive
relationship between consumer spending and beef
consumption, and that beef price fluctuations had a
negative and inelastic effect on consumer demand.
Bascron et al. (2019) investigated red and white meat
consumption and production trends in Egypt. The
results showed an annual increasing trend of 1.40%
and 2.87% per year for both variables. Akpan (2022a)
again analyzed the relationship between ruminant
meat production and several key macroeconomic
factors in Nigeria. The results showed that the
inflation rate, personal income, and exchange rate
affect domestic meat production. Fatima et al. (2022)
conducted a study investigating macroeconomic factors
influencing red meat consumption in Saudi Arabia
from 1980 to 2020. They used an autoregressive
distributed lag model and found a significant negative
correlation between domestic red meat consumption
and the meat price index.

The literature indicates that there is no particular
focus on per capita meat consumption in Nigeria. The
importance of meat consumption to the well-being of

Nigerians cannot be overstated given that the country

is one of the poorest countries in the world. The meat

sub-sector therefore needs policy recommendations to
close the current consumption deficit gap.

Additionally, Nigeria's macroeconomic environment

has changed significantly over the past two decades,

including the recent global COVID-19 pandemic,
necessitating an update of meat consumption trends
and their correlation with macroeconomic variables.

Therefore, the study specifically examines:

a) the trends in annual per capita consumption of
mutton, pork, game meat, and total meat in the
country from 1981 to 2021, and

b) establish the relationship between the per capita
meat consumption and some key macroeconomic
fundamentals.

RESEARCH METHODOLOGY
Study Area and Data Source: The study took place in
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Nigeria, a country on the Gulf of Guinea in sub-
Saharan Africa. Nigeria extends from 40 to 140
degrees north of the equator and from 30 to 150
degrees east of Greenwich. It covers a land mass of
923,769 square kilometers (or approximately 98.3
million hectares) and has 853 kilometers of coastline
along the northern edge of the Gulf of Guinea. The
country has a population of over 200 million (National
Population Commission, 2023) and 1is rich in
agricultural, mineral, marine, and forest resources.
More than 60 percent of the country's population is
engaged in the production of food crops such as corn,
cassava, yam, rice, beans and vegetables, ginger,
carrots, legumes, sorghum, onions, tomatoes, and
melons. In addition, animal husbandry, aquaculture,
and fishing are carried out on a large scale in all
regions of the country. The main cash crops grown in
Nigeria are cocoa, cotton, peanuts, palm oil, and rubber
(Federal Ministry for the Environment, 2021). The
study used secondary data from the WB (World Bank),
FAO (Food and Agriculture Organization), and CBN
(Central Bank of Nigeria). The data/information
covered the period from 1981 to 2021.

Model Specification

The trends in per capita meat consumption

The explicit form of an exponential trend equation was
adopted to analyze the trends in the per capita meat
consumption in Nigeria. The specification is shown in
Equation 1:

lnTMCt = /10 + /11t + gt M ees wes wes wen wen www e e wen e s wes (1)

Where TMC: is the total per capita meat consumption
measured in kg person-1, “t” is the annual trend. Note,
that the per capita is computed as in equation 2.

Per capita meat consumption

= zn: TMt/Zn: POP, ..o vee e (2)
i=1 i=1

Where TM: is a specified meat in kg at period t while

the POP:is the country’s population in period t. Hence,

the dependent variables for this study are defined as:

(a) MMC: = mutton per capita consumption (kg person-
1) (meat from sheep)

(b) KMC¢ = game meat per capita consumption (kg
person-1) (meat from wild animal animals)

(c) PMC: = pork per capita consumption (kg person-1)
(meat from pig)

(d) TMCt = Total meat per capita consumption (kg
person-1)

Therefore, the exponential growth rate from Equation

1 is expressed in Equation 3:

(Growth rate) = (e* — 1) 100 ... ... ... .. .. (3)

To determine whether the specified per capita meat

consumption growth rate suggests an accelerated or
decelerated trend, an exponential equation in



KSU Tarim ve Doga Derg 27 (4), 973-983, 2024
KSU J. Agric Nat 27 (4), 973-983, 2024

Arastirma Makalesi
Research Article

quadratic form was explicitly used in equation 4:
log,TMC, = @, + @1t + Qat? + &4 e . .(4)

If the estimated coefficient ¢ is positive and
significant, it implies persistent long-run growth in the
per capita meat consumption; but if ¢z is negative and
statistically significant, it means there is a significant
long-run deceleration in the per capita meat
production. Nevertheless, if ¢2 is not significant, it
connotes dormancy or stagnation in the per capita
meat consumption in the long run (Ojiako and Olayode
2008; Akpan and Okon 2019; Akpan 2019). Note
equations 1-4 were estimated for all dependent
variables.

The determinants of the per capita meat consumption

The relationship between the per capita meat
consumption and some exogenous factors (e.
macroeconomic fundamentals) was explicitly stated in
a double -log form and is stated as:
LnTMC, = ¥, + +¥,LnFLT, + ¥,LnINC, + W5LnRET,

+ W,LnCRD, + WsLnCAU, + U, ....(5)

Where,

TMC: = the total meat per capita consumption in
ALnTMC; = my + myALnTMC,_, + m,ALnNFLT; + m3ALnINC, +

Table 1. Descriptive Statistics of Variables
Cizelge 1. Degiskenlerin Tanimlayici Istatistikleri

kg/person as described in equation 1

FLT: = annual rate of inflation (%)

INC:= annual GDP per capita (naira person-1)

RET: = annual nominal exchange rate (Naira Dollar-1)
(%)

CRD: = annual domestic credit disbursed to the
agricultural sector per GDP (%)

CAU¢ = capacity utilization rate of the meat industry
(%)

Ut = Stochastic error term and Uy~ IID (0, §2v)

Note Equation 5 was estimated for all the dependent
variables listed in Equation 1. The study used the
Engle and Granger two-step technique test to verify
the presence of a long-run stable relationship between
a specific per capita meat consumption and some key
macroeconomic variables (Engle and Granger, 1987).
The conditions for using the method required that all
variables involved be integrated in the same order. The
error correction model (ECM) was also estimated for
the co-integrating equations. The estimated ECM 1s
shown explicitly in Equation 6.

m,ALnRET, + mwsALnCRD, + m,ALnCAU, + m,ECM,_, + U, (6)

Variable Mean Minimum Maximum Std. dev. CV Skewness
Total meat/capita (TMCv) 8.3815 6.7380 10.2820 0.8642 0.1031 0.1373
Game meat/capita (KMCy) 0.9872 0.8160 1.3302 0.1289 0.1306 1.1547
Mutton/capita (MMCy) 0.7169 0.4051 1.0593 0.2221 0.3098 -0.0474
Pork/capita (PMCv 1.2223 0.4820 1.4857 0.2890 0.2365 -1.4175
Inflation rate (FLT¢) 18.9490 5.3880 72.836 16.659 0.8792 1.8542
GDP/capita INCy) 1683.60 270.03 4471.10 1025.0 0.6088 0.3422
Exchange rate (RETY 108.170 0.6177 403.58 110.14 1.0182 0.9842
Domestic credit (CRDy) 9.2506 4.9575 19.626 3.4678 0.3749 1.1862
Capacity utilization (CAUY) 45.9710 12.700 75.750 14.450 0.3143 0.1553

Source: Computed by authors.

The coefficients (7;) measure the deviation from the
long-run equilibrium in the previous period. Also,
equation 6 was estimated for all dependent variables
specified in Equation 1.

RESULTS and DISCUSSION

The descriptive statistics of the given variables are
presented in Table 1. The coefficients of variability are
10.31% for total meat consumption per capita, 13.06%,
30.98%, and 23.65% for per capita consumption of
game, mutton, and pork, respectively. The results
suggest that the Nigerian country experienced little
variation in annual meat consumption per capita. The
results suggest that annual meat consumption per
capita in Nigeria has not changed significantly over
the years. The skewness indices showed that the
annual per capita meat consumption of individual
types of meat changes only slightly. Nevertheless, the
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mean of the total meat consumption was 8.38 kg per
person. This is well below the mean for Africa with
12.77 kg per person in 2019 and 2021. While
Seychelles, South Africa, Gabon, Mali, and Ghana had
65.08 kg/person, 63.67 kg person-1, 61.76 kg person-1,
23.35 kg person-1, and 13.63 kg person-1 respectively
in 2019. The mean for individual meat consumption is
given as 0.99 kg/person for game meat, 0.72 kg/person
for mutton, and 1. 22 kg per person-1 indicated for
pork. These statistics revealed the great lack of
individual meat consumption in the country compared
to other countries in Africa. For example, the per
capita consumption of poultry in Africa in 2020 was
reported at 5.77 kg per person-1, mutton at 2.18 kg per
person-1, and beef at 3.68 kg per person-1. However,
the average per capita consumption of pork (1.22 kg
person-1) in Nigeria was higher than the average
reported for Africa (1.08 kg person-1) in 2021.

The descriptive tests performed on the macroeconomic
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variables revealed significant fluctuations in the
nominal exchange rate (RET), indicating its instability
over the indicated study period. The inflation rate also
showed large fluctuations and averaged 87.92% per
year. On the other hand, the coefficient of variation
was lowest for the capacity utilization variable of the
meat industry and loans paid to the agricultural
sector. This suggests that while financing of the
agricultural sector and capacity utilization of the meat
industry have evolved positively over the years, they
have not changed significantly. The skewness index of
macroeconomic fundamentals all showed positive
signs, suggesting that they exhibited progressive
patterns throughout the period of interest.

The Trends in annual meat per capita consumption in
Nigeria

Table 2 shows estimates of exponential and quadratic
trend equations for per capita game meat, mutton, and
pork consumption and total meat consumption per
capita in Nigeria. The results showed that the annual
per capita consumption of mutton and pork was
positively and significantly related to time. Annual
exponential growth rates of approximately 2.05% and
2.08%, respectively, were achieved for mutton and
pork. However, the squared-exponential trend
estimates showed a slowdown in the growth rates of
both meat sources over the long term.

Table 2: The exponential and quadratic trend equations for meat per capita consumption
Cizelge 2. Kisi basina et tiiketimi igin listel ve ikinci dereceden trend denklemleri

Game meat/capita Mutton/capita Pork/capita Total meat/capita
Exponential trend equation
Variable Coeff. t-value Coeff. t-value Coeff. t-value Coeff. t-value
Constant 0.1623 7.64%** -0.8101 —11.16%** —0.2705 —4.47%%% 2.2345 86.00%**
Time -0.0087  —9.89%** 0.0203 6.74%** 0.0206 8.20%** —0.005 —5.02%**
R-square 0.7148 0.5381 0.6328 0.3926
F-cal. (1, 39) 97.748%%* 45.425%%* 67.217%%* 25.208%%*
Exp. GR (%) -0.86713 2.0497 2.0799 -0.5410
Quadratic exponential trend equation
Variable Coeff. t-value Coeff. t-value Coeff. t-value Coeff. t-value
Constant 0.2560 9.60%** —-1.2353 —17.88%%* —0.6300 —11.20%** 2.1775 55.99***
Time —0.0218 —7.44%*%% 0.0796 10.50%** 0.0708 11.45%** 0.0025 0.59
Time Square 0.0003 4.61%%* -0.0014 —8.07*** —0.0012 —8.38*** —0.0002 -1.92*
R-squared 0.8170 0.8297 0.8709 0.4463
F- cal. (2, 49) 84.842%*%* 92.536%** 128.264%** 15.313%**

Source: computed by authors. The symbols ***, **
In addition, game meat consumption and total meat
consumption per capita increased exponentially by -
0.87% and -0.54%, respectively. This suggests that
average game meat consumption and total meat
consumption per person 1s decreasing over time.
Further studies showed a significant acceleration and
deceleration of game meat consumption and total meat
consumption per person respectively over a long
period. Several phenomena, including uncertainty in
the macroeconomic environment, have been linked to
the relationship between meat consumption per capita
and time (Akpan, 2022). In addition, several studies on
agricultural commodities in Nigeria have estimated a
similar exponential growth rate, e.g. Ojiako and
Olayode (2008), Baskhron et al. (2019), and Akpan
(2022).

Figure 1 shows a graphical representation of the trend
lines for different meats per capita consumed in
Nigeria. The evolution of per capita consumption of
mutton showed a gradual increase in per capita
consumption of mutton from 1981 to 2010 with a clear
trough in 2012 and a subsequent minimal acceleration
until 2021. For game meat, there was a downward
trend from 1981 to 2009. Beginning in 2010, per capita
consumption of game meat assumed an accelerating

977

, and * represent different levels of statistical significance.

pattern that later declined through 2021. Pork
consumption per capita trend indicates a progressive
trend from 1981 to 2021. This means that the
consumption level of pork was mounting perhaps with
the potential for more investments.

The trend in total meat per capita consumption
fluctuates from 1981 to 2021. From 1981 to 1985, the
country witnessed an increment in total meat
consumption reaching a peak of 10.28kg/person in
1985. From 1986 to 1991 representing the period of the
structural adjustment programme (SAP), (Kanayo et
al., 2013; Ogbonna, 2012), the total meat consumption
declined reaching the mark of 7.57kg/person in 1991.
In 1988, an import ban was implemented for fresh and
chilled as well as frozen meat to safeguard local
producers, but it was unsuccessful following an
adverse economic environment (Egwaikhide, 1997).
Following the implementation of several agricultural
policies to boost animal protein intake, the per capita
meat consumption upsurge from 7.85kg/person in 1992
to 8.57kg/person in 2000. From the period 2001 to
2021, the country witnessed progressive declines in
total meat per capita, being lower than most African
countries. The index deteriorated to 6.87kg/person in
2020 which is far below the WHO recommended index
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and average obtained for Africa. During this time,
private investment in the meat industry significantly
increased, but the sub-sector development was
constrained by the rising instability of the underlying
macroeconomic conditions (Akpan, et al, 2012
Ejedegba, 2023). In the post-SAP era, lasting from
1993 to 2021, new agricultural policies were
implemented, including a restriction on frozen poultry
meat imports, currency devaluation, and a significant
increase in private participation in meat production,
processing, and marketing (Akpan et al., 2012; Kanayo

et al., 2013; Ogbonna, 2012). Although these incentives
helped increase meat production somewhat, they had
little impact on per capita meat consumption in the
country given the growing population. This is reflected
in the erratic decline in total meat consumption per
capita between 2001 and 2021. Also, the emergence of
the COVID-19 pandemic in 2020 and the increasing
rise in feed prices made it difficult for total meat
consumption to increase, thus contributing to the
continued downward trend growth.

Total meat (kg/person)

10.5 -
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Figure 1. Trends in per capita meat production in Nigeria (1981 to 2021).
Sekil 1. Nijeryada kisi basi et tiiketimindeki yonelimler (1981-2021)

Unit root test

The augmented Dickey-Fuller test was used in the
study to confirm the unit root of the specified variables.
The results shown in Table 3 confirm that the
variables reported were not stationary at their levels
but were at their first difference. This suggests that
Engle Granger's two-step method can be used to
examine the long-term relationship between the
variables (Engle and Granger, 1987). However, to use
this method, all variables must be stationary at the
same level.

Test of cointegration

Engle Granger's two-stage method was used to
investigate whether there was a cointegration between
the variables mentioned. The results presented in
Table 4 show that all equations presented showed
evidence of cointegration. This suggests that there is a
stable long-term relationship between some
macroeconomic variables and per capita meat
consumption of game meat, mutton, pork, and total
meat in Nigeria.
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The Short and the Long run determinants of per capita
meat consumption in Nigeria

The results of analyses for the specified meat per
capita consumption are discussed in the following sub-
sections.

Determinants of per capita mutton consumption in the
short and long runs

Table 5 shows estimates of the equations for per capita
consumption of mutton in both the short and long run.
The ECM adjustment coefficient is negative and
significant, indicating a 28.18% convergence rate
toward long-run equilibrium. Additional diagnostic
tests confirmed the reliability and sufficiency of the
estimates. The empirical results show that the
inflation rate has a significant negative relationship
with the per capita consumption of mutton in both the
short and long term. In addition, there is a positive
relationship between per capita income or GDP/capita
and per capita mutton consumption in the short run,
but a negative relationship in the long run.
Furthermore, the capacity utilization coefficient
increases with the per capita consumption of mutton in
the short and long runs, while the exchange rate has a
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positive correlation with the per capita consumption of
mutton in the long run. These results are supported by

Table 3. ADF unit root tests on variables
Cizelge 3. Degiskenler tizerinde ADF birim kok testleri

previous studies by Simo-Kengne et al. supported.
(2018), Akpan and Umoren (2021), and Akpan (2022).

Variables

ADF unit root (without constant)

Level Lag 1st Diff. Lag Decision
Total meat/capita (TMCt) -0.5139 0 -5 77T 1HE* 0 1(1)
Game meat/capita (KMCt) -1.7297 0 -5.0280%** 0 1(1)
Mutton/capita (MMCt) -1.8323 0 -5.6027%** 0 1(1)
Pork/capita (PMCt) -1.7558 0 -3.7646%** 0 1(1)
Inflation rate (FLTt) -0.8074 0 -6.2809%** 0 1(1)
GDP/capita (INCt) -0.1086 0 -6.0466%** 0 1(1)
Exchange rate (RETt) 1.9705 0 -4.3109%** 0 1(1)
Domestic credit (CRDt) 0.2469 0 -5.7867T*** 0 1(1)
Capacity utilization (CUTt) -0.4462 0 -6.5973%** 0 1(1)

Source: Author’s compilation and asterisks *** i

Table 4: Co-integration test of variables
Cizelge 4. Degiskenlerin eg blitiinlesme testi

indicate a 1% significance level. Note that, variables are expressed in a natural
logarithm and the significant level was defined at a 1% level only.

Equation residual ADF test Order of Remark
(without constant) integration

Total meat/capita (TMCt) -2.5692%* 1(0) Co-integration

Mutton/capita (MMCt) -2.3122%* 1(0) Co-integration

Game meat/capita (KMCt) -2.8546%** 1(0) Co-integration

Pork/capita ((PMCt) -2.8665%** 1(0) Co-integration

Source: Author’s compilation and asterisks *** i

indicate a 1% significance level. Note that, variables are expressed in a natural
logarithm and the significant level was defined at a 1% level only.

Table 5: Determinants of mutton per capita consumption in Nigeria
Cizelge 5. Nijerya'da kisi basina koyun et1 tiiketiminin belirleyicileri

ECM of mutton/capita Long run equation of mutton/capita

Variables Variables

Coeff. Std. error t-value Coeff. Std. error t-value VIF
Constant 0.0107 0.0145 0.738 Constant —0.7198 0.3954 -1.821% -
Inflation rate -0.0578 0.0243 —2.382%*% | Inflation rate —0.0829 0.0406 —2.044%* 1.237
GDP/capita 0.1445 0.0383 3.773%** GDP/capita —0.0986 0.0372 —2.651%* 1.371
Exchange rate 0.0179 0.0445 0.403 Exchange rate 0.1106 0.0194 5.699%** 2.500
Credit disbursed 0.0321 0.0729 0.439 Credit disbursed 0.1707 0.1223 1.396 2.934
Capacity utilized 0.0607 0.0192 3.162%** Capacity utilized 0.1322 0.0596 2.218%* 1.318
Mutton lag 1 0.2175 0.1249 1.741*
ECM1 —0.2818 0.1036 —2.721%%%

Diagnostic test

R2 0.254 R2 0.806
F- cal. (7,31) 6.5073%** F- cal. (5,35) 29.1601%**
Normality test 5.3789 (0.6629)
RESET test 0.6083 (0.4415)
Breush-Pagan 2.3359 (0.8429)
CUSUMSQ test -1.27509 (0.2121)
Durbin Watson 1.8755 (0.2697)

Source: The author performed the computation. Symbols ***  **

, and * represent significance levels of 1%, 5%, and 1%, respectively. Variables

used in the error correction model (ECM) are expressed in log differences, while those used in the long-run equation are expressed in natural

logarithms.

Determinants of short and long runs per capita game
meat consumption

Estimates for game meat consumption per capita are
presented in Table 6. The ECM coefficient has the
appropriate sign and is statistically significant at the
1% probability level. This confirms the existence of a
long-run equilibrium in the per capita game meat

979

consumption model. Other statistical tests indicate
that the estimated model is adequate. The empirical
results showed that in the short-run model, GDP per
capita and the previous value of per capita game meat
consumption have a positive influence on the per
capita game meat consumption, while loans disbursed
to the agricultural sector showed a negative
relationship. In the long-term model, the study found
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a significantly positive correlation between per capita
game meat consumption and GDP per capita and a
significantly negative correlation with the nominal

exchange rate. These results are supported by the
work of Simo-Kengne et al. (2018), Akpan and Umoren
(2021), and Akpan (2022a).

Table 6. Determinants of Game meat per capita consumption in Nigeria
Cizelge 6. Nijerya'da kisi basina av et tiiketiminin belirleyicileri

ECM of game meat/capita Long run equation of game meat/capita
Variables Coeff. Std. error t-value Variables Coeff. Std. error t-value VIF
Constant -0.0051 0.0055 -0.932 Constant -0.0559 0.1178 -0.475
Inflation rate 0.0054 0.0077 0.7018 Inflation rate -0.0011 0.0121 -0.093 1.237
GDP/capita 0.0317 0.0132 2.405%** GDP/capita 0.0187 0.0111 1.692* 1.371
Exchange rate -0.0139 0.0160 -0.871 Exchange rate -0.0597 0.0058 —10.33***  2.500
Credit disbursed -0.0507 0.0272 —1.866* Credit disbursed 0.0185 0.0365 0.508 2.934
Capacity utilized 0.0189 00.0181 1.043 Capacity utilized 0.0208 0.0237 0.876 1.318
Game meat lag 1 0.2986 0.1551 1.926*
ECMi1 —-0.4466 0.1231 —3.627%%*
R2 0.422 R2 0.876
F- cal. (7,31) 3.2272%* F- cal. (5,35) 49.4499%**
Normality test 7.4404 (0.7518)
RESET test 1.5835 (0.3039)
Breush-Pagan 3.1809 (0.7158)
CUSUMSQ test 0.3192 (0.7518)

Durbin Watson 1.9968 (0.41084)

Source: The author performed the computation. Symbols ***, **

, and * represent significance levels of 1%, 5%, and 1%, respectively. Variables

used in the error correction model (ECM) are expressed in log differences, while those used in the long-run equation are expressed in natural

logarithms.

Determinants of short and long runs per capita pork
consumption

Estimates for the per capita pork consumption
equation are shown in Table 7. The ECM estimates
achieve the expected results with a convergence rate to
the long-run equilibrium of 25.30%. The empirical
results show that the exchange rate, previous pork
consumption, and per capita income have a significant
positive or positive impact on per capita pork
consumption in Nigeria in the short term. On the other
hand, the capacity utilization -coefficient has a
significant negative impact in both the short and long
runs. Furthermore, the long-run model shows a strong
negative correlation between Nigeria's nominal
exchange rate and per capita pork consumption. These
results are supported by the findings of Simo-Kengne
et al. supported. (2018), Akpan and Umoren (2021),
and Akpan (2022a).

Determinants of short and long runs per capita total
meat consumption

The results presented in Table 8 show a convergence
rate of 31.70% in the long-run for total meat
consumption per capita short-run equation. This
supports the use of cointegration models. The stability
of the estimated model over time is confirmed by the
CUSUMSQ value. The error term follows a normal
distribution, justifying the use of the ordinary least
squares method. The RESET test and the Breush-
Pagan test support the structural rigidity of the
estimated short-run model and indicate a minimal
influence of heteroscedasticity respectively. The error
correction model shows a positive short-run
relationship between total meat consumption per
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capita and GDP per capita as well as the capacity
utilization of the meat industry in Nigeria. In addition,
there is a significant negative short-term relationship
between total meat consumption per capita and the
inflation rate. In addition, the long-term estimates
revealed significant negative correlations between
total meat consumption per capita the rate of inflation,
and the nominal exchange rate. On the contrary, there
is a positive relationship between total meat
consumption per capita and capita GDP as well as the
capacity utilization of the meat industry. These results
are consistent with research by Akpan and Umoren
(2021) and Akpan (2022a).

CONCLUSION and RECOMMENDATIONS

The analyses have shown that meat consumption in
Nigeria is completely inadequate. The results revealed
that the average per capita consumption of game meat,
mutton, and total meat in Nigeria is lower than the
data for Africa in 2021. However, the pork meat per
capita consumption in Nigeria was slightly higher than
the average in Africa. The study estimated negative
annual growth rates for per capita game meat and total
meat, while positive growth rates were estimated for
mutton and pork per capita consumption in Nigeria.

This has two implications. First, the country consumed
far less animal protein compared to the recommended
standard and most African countries. This means that
the dietary composition of the majority of Nigerians is
deficient in terms of nutrient balance and is therefore
well below the minimum standard recommended by
the World Health Organization. This is a serious
challenge, especially given that the country is at the
forefront of poverty, malnutrition, and insecurity.
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Secondly, the current meat consumption situation in
Nigeria offers numerous opportunities for domestic
and foreign investment in the meat industry,
benefiting from the large population of over 200 million
people. The empirical results showed that changes in
per capita income, credit to the agricultural sector,
inflation rate, nominal exchange rate, and meat
industry capacity utilization have significant effects on

environment in agricultural commodity consumption.
Therefore, based on these findings, it is recommended
that the country effectively controls inflation, improves
per capita income, implements exchange rate
stabilization measures, improves agricultural credit
disbursement, and increases resource capacity
utilization in the meat industry as complementary
strategies to improve meat consumption in the

annual per capita meat consumption in Nigeria. This
underscores the important role of the macroeconomic

country.

Table 7: Determinants of pork per capita consumption in Nigeria
Cizelge 7. Nijerya'da kisi basina domuz eti tiiketiminin belirleyicileri

ECM of pork/capita Long run equation of pork/capita

Variables Coeff. Std. error t-value Variables Coeff. Std. t-value VIF
error

Constant 0.0033 0.0104 0.314 Constant 0.6084 0.2565 2.372
Inflation -0.0138 0.0150 -0.919 Inflation —0.0161 0.0263 -0.613 1.237
GDP/capita 0.072 0.0262 2.746%** GDP/capita 0.0217 0.0241 0.901 1.371
Exchange rate 0.0933 0.0332 2.811***  Exchange rate 0.1585 0.0126 12.59%** 2.500
Credit disbursed. —0.0099 0.0510 -0.194 Credit disbursed —0.0901 0.0793 -1.136 2.934
Capacity utilized -0.0799 0.0344 —2.324**%  Capacity utilized -0.2477 0.0517 —4.,795%%* 1.318
Pork lag 1 0.36433 0.1345 2.709*%*
ECM:1 —0.2527 0.1086 —2.327%*
R2 0.516 R2 0.906936
F- cal. (7,31) 4.7240%** F- cal. (5,35) 68.21673
Normality test 1.3362 (0.2694)
RESET test 1.5744 (0.3684)
Breush-Pagan 9.0484 (0.2492)
CUSUMSAQ test -1.0002 (0.2546)

Durbin Watson 2.1219 (0.5526)
Source: Significance levels are indicated by ***, ** and *, which represent 1%, 5%, and 1% respectively. Variables used for the ECM are

s

expressed in log difference, while those used for the long-run equation are expressed in a natural logarithm.

Table 8: Determinants of total meat per capita consumption in Nigeria
Cizelge 8. Nijerya'da kisi basina toplam et tiiketiminin belirleyicileri

ECM of total meat /capita Long run equation of total meat/capita
Variables Coeff. Std. error t-value Variables Coeff. Std. error t-value VIF
Constant —0.0005 0.0075 —0.062 Constant 2.0913 0.1992 10.50%** -
Inflation —0.0343 0.0104 —3.298***  Inflation —0.0401 0.0104 —3.856%** 1.237
GDP/capita 0.0296 0.0090 3.282%** GDP/capita 0.0403 0.0187 2.154%* 1.371
Exchange rate -0.0335 0.0316 -1.058 Exchange rate —-0.0451 0.0098 —4.608*** 2.500
Credit disbursed 0.0089 0.0399 0.222 Credit disbursed 0.0998 0.0616 1.620 2.934
Capacity utilized 0.0324 0.0164 1.976* Capacity utilized 0.0846 0.0401 2.108** 1.318
Total meat lag 1 0.1053 0.1385 0.760
ECM:-1 -0.3169 0.1252 —2.532%*
R2 0.224 R2 0.496
F- cal. (7,31) 5.2183%** F- cal. (5,35) 6.8872%*%
Normality test 2.2309 (0.3731)
RESET test 2.6263 (0.11557)
Breush-Pagan 7.7222 (0.3564)
CUSUMSQ test -0.9907 (0.3298)

Durbin Watson 1.9243 (0.3237)
Source: Computed by the authors. Significance levels is indicated by ***, ** and *, which represent 1%, 5%, and 1% respectively. Variables
used for the ECM are expressed in log difference, while those used for the long-run equation are expressed in a natural logarithm.
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OZET

Su urunleri sektort; tilketim a¢isindan nifusun artiginin devam etmesi,
ulkelerin gelir diizeylerinde goriilen artiglar, saglikli beslenmeye yonelik
artan egilim, tiretim bakimindan ise su lriinlerinde depolama ve ulagim
olanaklarinin gelismesi ile lilke ekonomileri agisindan énemli bir sektor
haline gelmigtir. Turkiyenin su trunleri ihracati basta olmak lizere dig
ticaretinde son yillarda 6nemli bir bliylime yagsanmigtir. Bu ¢alismanin
amaci, Turkiye’nin dis ticaret yaptigi tlkeler ile su Urtinleri sektori
endiistri-ici ticaretinin analiz edilmesidir. Bu kapsamda TUIK’ten 2010-
2022 dénemi icin su iiriinleri 4 ve 6 haneli HS (Harmonize Sistem) kodlu
urin gruplar1 dis ticaret verileri, Grubel-Lloyd endeksi ile analiz
edilmistir. Calismanin bulgularina gore, Tlrkiye'nin su urtnleri dig
ticaretinde EIT (endiistri-ici ticaret) diizeyinin diisik oldugu
saptanmigtir. Dolayisiyla su tirtinleri dis ticaretinde, ihracatin ithalattan
fazla oldugu dikkate alindiginda, ihracat yonli endustriler-aras1 sekli
one cikmaktadir. Aynm1 zamanda ham su Uriinleri ve iglenmis su
triinlerinde de EIT seviyesinin diisiik oldugu gézlenmistir. Bu bakimdan
ham su urinlerinde ihracat yonld, islenmis su lriinlerinde ise ithalat
yonli endustriler-aras1 ticaret seklinde dis ticaret yapisinin oldugu
ortaya cikmigtir. Sadece ham su urlnleri i¢inde yer alan kabuklu
hayvanlar ve yumusakcalar tiriin gruplarinda EIT diizeyinin yiiksek
oldugu gorulmustiir.

ABSTRACT

The aquaculture sector has become an important sector in terms of
national economies due to the continuous increase of the population in
terms of consumption, the increase of the income level of the countries,
the increasing tendency towards healthy nutrition, and the development
of storage and transportation facilities in terms of production. Turkiye's
foreign trade, especially the export of aquaculture products, has
experienced significant growth in recent years. This study aims to
analyze Turkiye's intra-industry trade in the aquaculture sector with the
countries with which Turkiye has foreign trade. In this context, foreign
trade data of aquaculture products with 4 and 6-digit HS (Harmonized
System) coded product groups for the period 2010-2022 from TurkStat
were analyzed using the Grubel-Lloyd index. According to the results of
the study, the level of intra-industry trade (IIT) in Tiirkiye's foreign trade
of aquaculture products is low. Therefore, considering that exports exceed
imports in the foreign trade of aquaculture products, the export-oriented
inter-industry pattern stands out. At the same time, it is also observed
that the IIT is low for raw seafood and processed seafood. In this respect,
the export-oriented inter-industry trade in raw seafood products and the
import-oriented inter-industry trade in processed seafood products were
found to have a foreign trade structure. Only the product groups of
crustaceans and mollusks, which are included in the raw seafood
products, were found to have a high level of IIT.
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GIRIS kilogramin iizerinde gerceklesmistir (Anonim, 2022).

Dinya nifusunun artmasiyla, gida tiketiminde artig
yasanmaktadir. Gida urtnlerinin tiiketiminde gelir
diizeyi, yasam kalitesi ve tiiketim aligkanliklar1 gibi
bircok faktér etkili olmaktadir (Ukav, 2023). Gida
tiketiminde oOnemli bir yeri olan su trinleri,
insanlarin saghkli beslenmesinde &6nemli bir rol
oynamaktadir (Yilmaz Yavuz & Yavuz, 2022). Bu
bakimdan son yillarda saglikli beslenmeye gosterilen
ilgi, su TUrinleri tiketiminin daha da artmasim
saglamistir. FAO (Anonim, 2022) verilerine gore,
1960’lh yillarda kisi basi balik tiiketimi yaklagik 9
kilogram iken, 2019 yilinda 20 kilogrami ge¢migtir.
Aynm zamanda tulkelerin gelir diizeyi de balik tiiketimi
acisindan énemli bir role sahiptir (Kusat, 2020). 2019
yilinda gelir diizeyi disiik olan tlkeler kisi bagina
yaklasik 5 kg olan balik tiiketimi, orta gelirli tilkelerde
yaklagik 15 kilogram, ylksek gelirli tlkelerde 26

Bu acgidan bakildiginda, tilkelerin gelir diizeyi arttikca
su uritnlerine olan talep artmaktadir. Bu faktérlerin
disinda su urlinlerinin depolanmasi ve dagitimi ile
ilgili teknolojik geligsmeler, bu sektérdeki tretimi
olumlu yonde etkilemigtir. 2050 yilinda kisi bagi balik
tiikketiminin 25 kilogrami gececegi beklentisi (Anonim,
2022), bu sektoriin gelecekte daha énemli bir yere
sahip olacagina igsaret etmektedir. Su urinlerinin
tiketiminde diinya genelinde bu tir gelismeler
yasanirken, Tirkiye'nin su Urtnleri tiilketiminde kisi
bagina ortalama 7 kilogram ile 6nemli bir degisim
yasanmamistir (Anonim, 2023c). Tirkiye’nin su
urtinleri tiketiminde yeterince ilerleme saglanamasa
da, tretimde genel bir biiyiime egiliminden bahsetmek
miumkindir. Bu agdan TUIK (Anonim, 2023a)
verileri ile olusturulan Tirkiye su Uriinlerine yonelik
bin ton bazinda uretim miktarlarina Sekil 1’de yer
verilmigtir.

Su Uriinleri Uretimi (1000 Ton)

1000
800
600
400
200

2010201120122013201420152016201720182019202020212022

B Deniz trtunleri aveilig: B Yetigtiricilik tiretimi

I¢ su triinleri aveiligi

Sekil 1. Tirkiye Su Uriinleri Uretimi
Figurel. Tiirkiye'’s Aquaculture Production

Sekil 1’e bakildiginda, Tiurkiye su trunleri Uretimi
toplam1 2010 yilinda yaklasik 610 bin ton iken, 2014
yilinda 537 bin tona diismiis, daha sonra genel egilim
artis seklinde olmus, 2022 yilinda 850 bin ton olarak
gerceklesmistir. Asil dikkat ¢ekici olan ise su tirtinleri
yetistiriciliginin 2010 yilindan 2022 yilina kadar olan
stiregte 1ki kattan fazla artis yasamasidir. Bagka bir
bakis acisiyla, 2010 yilinda yetistiriciligin toplam su
urinleri igindeki pay1 %25 iken, bu pay 2022 yilinda
%60’a ylikselmigtir. Avcihik tarafinda ise deniz
trtnleri aveihiginda genel egilim diistis seklinde olmus
ve 2022 yilinda 302 bin ton olarak gergeklesmigtir. I¢
su urlnleri aveiliginin pay: ise butiin yillarda distik
olmustur. Dolayisiyla avciligin su iriinleri igindeki
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pay1 azalirken, yetistiriciligin payinda énemli bir artig
olmustur. Su dUrinleri duretimi ile birlikte su
urtnlerinin dis ticaretinde de gelismeler
yagsanmaktadir. Tiurkiye'nin su urtnleri dig ticareti
yaklasik %15 blylirken, diinya su tiriinleri dis ticareti
ayni donemde %5 civarinda biylime gostermistir
(Dalkiran, 2019). Bu cercevede, Tiirkiye’nin su
Urtinleri  dig  ticaretindeki  biyime, dinya
ortalamasinin tizerinde gerceklesmistir. Bu kapsamda
Turkiye’de su tirtinleri sektériinin 6nemi giin gegtikce
daha fazla artmaktadir. Buna iligkin olarak
Tirkiyenin su iiriinleri dis ticaret rakamlarina ve dig
ticaretteki payma yer verilmistir (Cizelge 1).
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Cizelge 1. Turkiyenin dis ticaretinde su triinlerinin pay1

Table 1 Share of aquaculture products in Tiirkiye's foreign trade
Su Uritinleri Dig Ticaret
Degerleri (1000 $)

Toplam Dig Ticaret
Degerleri (1000 $)

Su Uriinlerinin
Dig Ticaretteki Pay:

Disg . . Dis

) ) Ticaret ' . Dig Ticaret Ihracat Ithalat Ticaret

Yil Thracat  Ithalat Hacmi Thracat Ithalat Hacmi Pay1 Pay1 Pay1
2010 363582 257288 620870 113883219 185544332 299427551 0.003  0.001 0.002
2011 440089 291534 731623 134906869 240841676 375748545 0.003  0.001 0.002
2012 457439 333319 790758 152461737 236545141 389006878 0.003  0.001 0.002
2013 588169 396192 984361 151802637 251661250 403463887 0.004 0.002 0.002
2014 707712 400089 1107801 157610158 242177117 399787275 0.004  0.002 0.003
2015 704598 450090 1154688 143838871 207234359 351073230 0.005  0.002 0.003
2016 805965 409605 1215570 142529584 198618235 341147819 0.006  0.002 0.004
2017 855555 466644 1322199 156992940 233799651 390792591 0.005  0.002 0.003
2018 960971 471674 1432645 167920613 223047094 390967707 0.006  0.002 0.004
2019 1009857 507514 1517371 171464945 202704320 374169265 0.006  0.003 0.004
2020 1092184 454248 1546432 160656652 209534325 370190977 0.007  0.002 0.004
2021 1379327 534119 1913446 213598369 260682217 474280586 0.006  0.002 0.004
2022 1676924 810481 2487405 235247081 342209950 577457031 0.007  0.002 0.004

Kaynak: Anonim, 2023b; Orijinal Hesaplamalar.

-Cizelge 1‘de, 2010-2022 doéneminde Turkiye su
urunleri ihracati yaklasik bes kat artarak 1.7 milyar
ABD dolarina yaklagmigtir. Ayn1 dénemde yapilan su
urinleri ithalati hemen hemen iki kat artarak 810
milyon dolara ulagmigtir. Dolayisiyla su triinleri
ihracat1 ithalattan ¢ok hizli artmis, ihracat ithalatin
iki katin1 ge¢mistir. Bu acidan son yillardaki dis
ticaret fazlasi da artarak devam etmektedir. Diger
taraftan Turkiye su Uriinleri dig ticaretinin toplam dig
ticareti icindeki paylar: ise diisiitk kalmistir. Thracat
icin bu pay binde 7 iken, ithalatta binde 2 ve dig
ticaretteki pay ise binde 4 seviyesinde olmustur.
Ayrica su trinleri ihracatindaki artis, Tirkiyenin
toplam ihracatindaki artistan daha fazla olmustur. Bu
verilerden hareketle, Sekil 1’de yer alan su triinleri
uretimindeki biytime ile karsilastirildiginda, su
urinleri ihracatinin daha fazla biylimesi 6nemli bir
gelisme olarak kabul edilebilir. Béylelikle son yillarda
su Urinleri dis ticaretine verilen Onemin arttigi
anlagilmaktadir.

Klasik uluslararas ticaret teorileri genel olarak her
bir tlkenin karsilagtirmali tstiinlige sahip oldugu
trinlerde uzmanlagsmasini ve uzmanlagtig1 trinleri
ihrag etmesi gerektigini ileri strmektedir. Ayni
zamanda ulkelerin uluslararasi ticarette
kargilagtirmali olarak dezavantajli oldugu tiriinlerde
ise ithalat yapmasi gerektigi ve béylelikle uluslararasi
ticaretten tulkelerin daha kazanchh c¢ikacag: ifade
edilmektedir (Atik & Tiirker, 2011). Béyle bir durumda
ulkeler arasindaki ticarette farkli urtnlerin dis
ticaretinin daha yogun olmasi beklenmektedir. Fakat

yapilan ampirik arastirmalar tulkeler arasindaki
ticaretin farkli mallar tizerinden degil, daha ¢ok aym
sektorde yer alan farklilagtirilmis  trtnlerin
uluslararasi ticaretinin agirhikta oldugunu
gostermistir (Balassa, 1966). Bu durum, endustri-ici
ticaret (EIT) olarak ifade edilmektedir. EIT, en basit
ifadeyle aymi endistride yer alan farkhilastirilmig
urtnlerin es zamanli olarak ithalati ve ihracatin ifade
etmektedir (Tharakan & Calfat, 1996). Diger taraftan,
karsilagtirmali Ustiinlige dayali olarak ortaya cikan
uluslararas1 ticaret sekli, endustriler-aras1 ticaret
(EAT) olarak belirtilmektedir (Atik & Tirker, 2011).

Greenaway ve Milner (1983), iki nedenden dolay:
EIT’in 6nemli oldugunu savunmaktadir. Ilki tlkeler
arasinda gercgeklestirilen uluslararasi ticaretin sadece
faktor oranlari ile belirtilemeyecegidir. Ikincisi ise
EIT’e 6nem veren iilkelerin uluslararas: ticarete daha
kolay adapte olabilecegidir (Greenaway & Milner,
1983). Diger taraftan gelir  diizeylerindeki
farkliliklardan dolay1 gelismis tlkeler arasinda
gerceklesen EITin, gelismekte olan ulkeler arasindaki
EiT’e gére daha yiiksek oldugu ortaya cikmigtir
(Baskol, 2009). Son dénemde gelismekte olan iilkelerin
gelir diizeylerinin artmasi ve ekonomik
entegrasyonlara bu tllkelerin daha c¢ok katilimi ve
¢okuluslularin bu ilkelere yaptiklar1 yatirimlar
sayesinde daha fazla {rin c¢esitlendirmesine
gitmektedirler. Uriin ¢egitlendirmesinin artmasiyla
hem gelismekte olan {lkeler 6lgek ekonomilerinden
daha fazla yararlanmakta hem de EIT diizeylerinde
yikseligler gorilmektedir. Diger taraftan Urin
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farklilagtirmasina baglh olarak fiyat
farklilagtirmasinin fazla oldugu triinler, Gretim streci
daha uzun olan ve sermaye-yogun olarak uretilen
triinlerde EIT diizeylerinin daha yiiksek oldugu
vurgulanmistir (Pomfret, 1987). Ayrica monopolcii

rekabetin daha yogun hissedildigi, cokuluslularin
daha yogun faaliyet gosterdigi ve dunya ticaretine
daha fazla eklemlenen iilkelerde EIT seviyelerinin
daha yiiksek oldugu ifade edilmistir (Yilmaz, 2016).

Cizelge 2. Tirkiye'nin EIT analizine yénelik baz1 ¢caligmalar

Table 2 Some Studies on Tiirkiye's IIT Analysis

Calisma Yil Ulke veya Sektor Bulgular
Ulkeler veya Uriin
grubu
Baskol (2009) 1969- Tiirkiyeile Dig  Imalat Tirkiye’nin imalat sanayi EIT diizeyinin disiik oldugu
2009 Ticaret Yaptigi Sanayi tespit edilirken, EIT diizeyinin zaman icinde arttig
Ulkeler gozlenmigtir.
Kiigiikefe 1982- Tiurkiye ile Dig  Bitin Tirkiye'nin EIT diizeyinin genel olarak diisiik oldugu
(2009) 2008 Ticaret Yaptig1  Sektorler tespit edilirken, EIT diizeylerinin zaman i¢inde arttig
Ulkeler gézlenmigtir. Gida sektoriinde EIT oranlarimin 0.50
diizeyinde dalgalandig1 bulgusuna ulagilmigtir.
Baskol (2012) 1992- Tiurkiye ile Bitin Tirkiye ile Orta Asya Tirk Cumhuriyetleri arasindaki
2009 Orta Asya Sektorler dig ticarette EIT oranlarimin c¢ok diisiik oldugu tespit
Turk edilmigtir. Dolayisiyla bu ulkeler arasindaki
Cumhuriyetleri uluslararas1  ticaretin EAT  geklinde oldugu
anlagilmigtir.
Bashimov 2002- Turkiye ile Tarim ve Tarim ve gida triinlerinde EITin yiiksek oldugu
(2017) 2014 Rusya Gida ortaya ¢ikarken, bitkisel tirtinlerdeki EIT oranlarinin
Uriinleri daha yiiksek oldugu tespit edilmistir.
Mangir ve 1996- Turkiyeile Dis Tarim Gida urinlerinde yiksek seviyede EIT ile ham tarim
Fidan (2017) 2016 Ticaret Yaptigi Uriinleri driinlerinde  ise  diugik seviyede EIT ile
Ulkeler karsilagilmigtir.
Yurttancikmaz 1995- Turkiye ile Butin Genel olarak diisiik seviyede EIT ile karsilasilirken,
ve Azgiin 2015 Komsgu Ulkeler Sektorler gida ve canli hayvan Urin grubunda bazi komsu
(2017) tilkeler ile yiiksek seviyede EIT degerlerinin oldugu
tespit edilmigtir.
Kemer ve 2001- Tirkiye ile Dig  Imalat 2001-2010 déneminde diigiik seviyede EIT oranlar
Aydemir 2014 Ticaret Yaptignr Sanayi tespit edilirken, 2010 ve sonrasi yluksek diizeyde EIT
(2017) Ulkeler ile karsilagilmistir.
Kurt ve Imren  2007- Tirkiye ile G8  Tibbi ve Tirkiye'nin dig ticaretinde “kebere, ¢éven, thlamur ve
(2018) 2017 Ulkeleri Aromatik kignis” trinlerinde EIT’in hakim oldugu, “defne,
Bitkiler kekik, mahlep, nane, rezene ve sumak” urinlerinde
Uriin ihracat yonli EAT, “corekotu ve zencefil” riinlerinde
Grubu ise ithalat EAT oldugu gérilmiistiir.
Erdal ve 2005- Turkiye ile Dig  Tarim Tarim triinlerinde yiksek diizeyde EIT ticaret
Durmusg (2019) 2017  Ticaret Yaptizn  Uriinleri degerleri ile karsilasilmigtir. Su triinlerinde 2010-
Ulkeler 2013 dénemi ve 2015 ytlksek diizeyde EIT oranlarina
ulagilirken, diger yillarda disiik seviyede EIT oldugu
tespit edilmigtir.
Kusat (2020) 2009- Tirkiye ile AB  Su Su iiriinlerinde EIT diizeyinin ¢ok diisiik oldugu tespit
2019  (28) Uyesi Uriinleri  edilirken, Fransa ile EIT oranlarinin daha yiiksek
Ulkeler oldugu bulgusuna ulagilmigtir.

Cizelge 2'de goriuldiugu gibi, Turkiyenin dig ticaretinin
yapisina yonelik EIT analizi igeren birgok calisma
yapilsa da, bu ¢aligmalarin bir kismi1 gida ve tarim
irinlerine yonelik  yapilmigtir. Dogrudan su
tirtinlerini ele alan sadece tek bir calisma (Kusat,
2020) oldugu gérilmiistiir. I1gili calismada, Tiirkiye ile
AB iilkeleri arasindaki su triinleri ticaretinde EIT
diizeylerinin oldukg¢a dugsiik oldugu tespit edilmigtir

(Kusat, 2020).

Su urtnleri dig ticaretinin artan o6nemi dikkate
alindiginda, bu c¢alismanin amaci Turkiye'nin su
urlnleri sektériinde dig ticaret yaptigi tilkeler ile
endustri-i¢i ticaretinin analiz edilmesidir. Bu ¢alisma
ile su uritnleri sektorinde basta islenmiglik
seviyelerine gore su trinlerinin EITinin analiz
edilmesi agisindan diger calismalardan ayrismaktadir.
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Bunun 6tesinde 4 ve 6 haneli HS kodlarina gére trin
gruplarinin EIT analizleri ile calisma daha detayh
olarak gercgeklestirilmigtir. Bu kapsamda, Tirkiye' nin
su tirtinleri dis ticaretinde EIT’i hesaplamak i¢in TUIK
(Anonim, 2023b) 6zel ticaret sistemine gore HS
(Harmonize Sistem) 4 ve 6 haneli {iriin gruplarinin
verileri kullanilmigtir. 2010-2022 dénemi igin elde
edilen veriler, Grubel-Lloyd endeksi ile analiz
edilmigtir. Grubel-Lloyd endeksi ile 6ncelikli olarak su
triinleri  sektériintin  ortalama EIT oranlarina
ulagilmigtir. Daha sonra su uriinleri ham ve iglenmis
su urunleri olmak tizere islenmiglik seviyelerinin
ortalama EIT seviyelerine icin hesaplamalar
yapilmigtir. EIT oranlarimi daha detayl gorebilmek
icin HS kodlarina gore alt Griin gruplarina yonelik su
triinlerinin EIT analizleri yapilmigtir.

Research Article
MATERYAL ve METOD
Materyal
Tirkiye'nin su turinleri dig ticaretinde EITi

hesaplamak i¢in 6ncelikle su Uriinlerinin kapsamina
odaklanilmigtir. Bu g¢ergevede, su urlnlerinin
kapsamin ve siniflandirmasini belirlemek i¢in Luo ve
Han (2018) dikkate alinmistir. Bu cercevede Cizelge
3'te iglenmiglik seviyelerine goére su urunlerine
bakildiginda, ham su triinleri 10 alt iirtin grubundan
olusurken, iglenmig su trtinleri 6 alt tirtin grubundan
olusmaktadir. Bu kapsamda, TUIK (Anonim, 2023b)
ozel ticaret sistemine gére HS (Harmonize Sistem)
kodlar1 acisindan turin gruplarinin verileri elde
edilmigtir.

Cizelge 3. Islenmislik seviyelerine gore su tirtinleri HS kodlar:
Table 3 Aquaculture products seafood HS codes by processing level

Ham Su Uriinleri Grubu

Islenmis Su Uriinleri Grubu

HS Kodu Kategori Ismi HS Kodu Kategori Ismi

0301 Canli balik 1504 Baliklarin veya deniz memelilerinin kat1 ve
sivi  yaglar1 ve bunlarin fraksiyonlar:
(kimyasal olarak degistirilmemis)

0302 Baliklar (taze veya sogutulmus); 03.04 1604 Hazirlanmis veya konserve edilmig baliklar;
pozisyonundaki balik filetolar1 ve havyar ve balik yumurtalarindan elde
diger balik etleri harig edilen havyar yerine kullanilan trtnler

0303 Baliklar (dondurulmus); 03.04 1605 Hazirlanmig veya konserve edilmis kabuklu
pozisyonundaki balik filetolar1 ve hayvanlar, yumusakcalar ve diger su
diger balik etleri harig omurgasizlari

0304 Balik filetolar1 ve diger balik etleri 051191 Balik, kabuklu hayvan, yumusakca ve suda
(taze, sogutulmus veya dondurulmus) yasayan omurgasizlarin Urinleri ve suda

yasayan cansiz hayvanlar

0305 Baliklar (kurutulmus, tuzlanmis veya 230120 Balik, kabuklu deniz hayvani, yumusakca
salamura edilmis), tutsilenmis veya diger su omurgasizlarinin unlari, kaba
baliklar unlar1 ve pelletleri;

0306 Kabuklu hayvanlar (canl, taze, 391310 Aljinik asit, tuzlar, esterleri (ilk sekillerde)
sogutulmus, dondurulmus,
kurutulmus, tuzlanmig, vb. islem
gdrmiis)

0307 Yumusakealar (canl, taze,
sogutulmus, dondurulmus,
kurutulmus, tuzlanmig, salamura
veya tiitsiilenmis)

0508 Mercan ve  benzeri  maddeler,
yumusakea veya kabuklu hayvanlarin
kabuklar1 (islenmemis veya basit
sekilde hazirlanmisg)

7101 Tabii inci ve kiltir incileri;
mihlanmamis veya takilmamisg, iplige
dizilmemis veya gecici olarak iplige
dizilmig

130231 Agar-agar

Kaynak: Luo ve Han, 2018.
Metod standart Grubel-Lloyd Endeksi olmustur. Standart

EITin analizi literatiirde birgok farkli yéntem
uygulanmigtir. Bu yontemlerden en ¢ok tercih edilen

988

Grubel-Lloyd Endeksi'nin hesaplanma yontemi
asagidaki sekilde gosterilebilir (Grubel & Lloyd, 1971):
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o [(X; + M) — |X; — M;l]
' X; + M;)

X 1 sektoriindeki ihracat degerini,

M; 1 sektoriindeki ithalat degerini belirtmektedir.

B, 0 ile 100 arasinda degerler almaktadir. B; = 0
oldugunda iilkeler arasindaki ticarette EIT'in olmadig1
veya EAT’in en Ust diizeyde oldugu anlagilirken, B; =
100 oldugunda ise uluslararas: ticarette tam EIT’e
ulasilmaktadir. 50 ve tzeri degerler yiiksek duzeyde
EITi gésterirken, 50nin altinda yer alan degerler
EITin diisiik oldugunu ifade etmektedir.

EIT, irtin gruplart veya alt sektorler icin
toplulastirilmig sekilde de hesaplama
yapilabilmektedir. Bu dogrultuda, n sayida sektoriin
toplam uluslararasi ticaret degeri i¢inde yer alan tiriin
gruplarinin  ihracat ve ithalat oranlar1 ile
agirhiklandirilmas1 ile olusturulan ortalama EIT,
asagidaki gibi formiile edilebilmektedir (Grubel &
Lloyd, 1971; Grubel & Lloyd, 1975):

.100

;0<B; <1

_ 3B (X, + M,
i=Zlnl(l L)_loo
Zi (Xi + ML')
(X + M) — YMX; — M
_ 2 l+n‘) 21X, ‘|.100 ; 0<B;
XX+ M;)
<1 2)
Calismada EIT degerleri 100¢ bolinmiistur.

Boylelikle ortaya cikan degerlerin, oransal olarak
degerlendirilmesi saglanmistir. Bulgular, Cizelge 4’e
gore yorumlanmistir. EIT’e yonelik sayisal ifadeler 0
ile 1 arasindaki degerler ile degerlendirilmistir. 0.50
ve lUzerinde yer alan degerler, EIT'in yuksek olduguna

M

yonelik bilgi vermekte ve uluslararas1 ticaretin
agirlikli olarak benzer urin gruplarinda iki yonli
olarak gerceklestigine isaret etmektedir. 0.50’nin
altinda kalan degerler ise tlkeler arasinda yapilan
ticaretin EAT bi¢ciminde olduguna isaret etmekte ve
uluslararas1 ticaretin karsilastirmali {Ustiinliklere
gore yapildigini géstermektedir.

Cizelge 4. G-L deger araliklarmma gére EIT
derecelendirmeleri
Table 4 IIT Ratings Based on G-L Value Ranges
G-L Deger Aralig: EIT Derecesi
0<G-L<0.25 Cok duguk
0.25<G-L<0.50 Dusuk
0.50<G-L<0.75 Yiksek
0.75<G-L<1 Cok Yuksek
BULGULAR

Bu bélimde Turkiyenin su Urinleri sektora dis
ticaretine iligkin verilere yonelik Grubel-Lloyd endeksi
ile hesaplanan degerlere yer verilmisgtir. Bu kapsamda
ilk olarak su urinleri sektori i¢in EIT hesaplamalar1
yapilmistir. Ikinei olarak ham ve islenmis su
irtinlerine yonelik EIT oranlarina yer verilmistir.
Uclincii olarak, 4 ve 6 haneli HS kodlarmna goére
siniflandirilan trin gruplarina goére su uriinlerinin
EIT analizi yapilmigtir. Su urinlerinin
agirhklandirilmis  Grubel-Lloyd endeksine gére
hesaplanan EIT oranlar, Sekil 2’de gosterilmistir.

Su Uriinleri Sektérii EIT Oranlar

0,45
0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05

o

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Sekil 2. Su Uriinleri Sektori EIT Oranlar: (Ortalama G-L Endeksi)
Figure2. IIT Ratios for the Aquaculture Sector (Average G-L Index)

Sekil 2’ye gére, Tirkiyenin su iirtinleri dis ticaretinde
0.42 degeri ile EIT oraninin en yiiksek oldugu 2012 yili
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olmustur. 2010-2020 déneminde su iriinleri EIT
oranlarinin digiik oldugu, 2021-2022 déneminde ise
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cok dusiik oldugu gorilmustir. Turkiye'nin su
urunleri dig ticaretinde EIT'in diisiik seviyede olmasi
ve dig ticaret fazlasinin olmasi nedeniyle dig ticaret
yapisinin daha ¢ok ihracat yonli EAT seklinde oldugu
anlagilmigtir.

Su trtnleri dig ticaretine yonelik EIT analizini daha

ayrintili bir gekilde islenmiglik seviyelerine gore
gorebilmek icin ham ve iglenmis su urinleri ayrimi
yapilmistir. Ham ve iglenmig su tirtinleri tiriin gruplar:

icin  (agirhklandirilmig)  Grubel-Lloyd  endeksi
kullanilarak hesaplamalar yapilarak Sekil 3'te
gosterilmigtir.

Ham ve Islenrnis Su Uriinleri EIT Oranlan

0,6
0,5
0,4

0,

w

0

o

0

=

o

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

® Ham Su Uriinleri

® [slenmis Su Uriinleri

Sekil 3. Ham ve islenmis su tiriinleri EIT oranlar: (Ortalama G-L endeksi)
Figure3. IIT Ratios of raw and processed aquaculture products (Average G-L index)

Sekil 3'te, ham su triinlerinin EIT diizeyinin 2020 yili
disinda diger biitin yillarda islenmis su Uriinlerine
gore daha yiiksek oldugu gorilmektedir. Ham su
triinlerine iligkin 2012 yilinda yiiksek dizeyde EIT
orani ile karsilagilsa da, son yillarda EIT diizeyinin
disik oldugu gézlenmistir. Islenmis su Uriinlerinde
ise dalgal bir seyir olmakla birlikte, 2020 y1ili disinda
bitiin donemde EIT duzeylerinin diigiik olmustur.
Dolayisiyla Tirkiye'nin  ham ve iglenmis su
urtinlerinin  her ikisinde de karsilagtirmali
ustunliklere gore dig ticaret yapisi 6ne ¢ikmaktadir.
Bunun 6tesinde dis ticaret verileri dikkate alindiginda
ham su urunlerinde ihracat yonli EAT, islenmis su
urunlerinde ithalat yonli EAT dikkat cekmektedir.

Su triinleri sektérit HS kodlarina gore 16 alt trtlin
grubundan olusmaktadir. Uriin gruplarina goére EIT
oranlarinin gosterildigi Cizelge 5’e bakildiginda, ham
su urunleri iginde bulunan 0301 kodlu “Canli balik” alt
Urlin grubunda 2012, 2018, 2020 ve 2021 yillarda ¢ok
yiksek diizeyde EIT oranlarmin oldugu gérilmustir.
2016, 2017 ve 2019 yillarinda ise yiiksek diizeyde EIT
oranlarmma ulasilmigtir. Diger yillarda ise EIT
oranlarinin disiik oldugu bulgusuna ulagilmigtir. 0302
kodlu “Baliklar (dondurulmus)” iiriin grubunda 2022
yili diginda yiksek ve g¢ok yuksek EIT oranlar ile
karsilagilmigtir. 0304 kodlu “Balik filetolar1 ve diger
balik etleri (taze, sogutulmus veya dondurulmus)”
urin grubunda sadece 2010 yilinda yuksek EIT orani
gozlenmigtir. 0306 “Kabuklu hayvanlar’ {riin
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grubunda bitin yillarda EIT oranlarmin yiiksek
oldugu goéze carpmigtir. 0307 kodlu “Yumusakcalar”
iirtin grubunda 2010 yili disinda EIT oranlar: yiiksek
ve ¢ok yiksek olmustur. 7101 kodlu “Tabii inci ve
kiltir incileri” Griin grubunda ise sadece 2017 yilinda
yiksek seviyede ETT ile kargilagilmigtir. Diger ham su
urtnlerinde ise EIT oranlar: oldukga diisiik kalmig, bu
urtinlerin kargilagtirmali Gistiinliige dayali dig ticareti
one ¢giktig1 anlagilmigtir.

Islenmis su triinleri icinde yer alan 1504 kodlu
“Baliklarin veya deniz memelilerinin kati1 ve sivi
yaglar1 ve bunlarin fraksiyonlar’” trtin grubunda
2010, 2014 ve 2020 yillarinda yiuksek EIT oldugu tespit
edilmigtir. 1604 kodlu “Hazirlanmig veya konserve
edilmig baliklar; havyar ve balik yumurtalarindan elde
edilen havyar yerine kullanilan turtnler” {rian
grubunda sadece 2020 yilinda yiiksek EIT degeri ile
kargilagilmigtir. Bu irtin gruplar: diginda yer alan su
driinlerinde ise EIT oranlarnm digik kalmigtir.
Dolayisiyla islenmis su driinleri dig ticaretinde
kargilagtirmali Ustinliige dayali ticaretin hakim
oldugu gortlmistiir.

TARTISMA ve SONUC

Su urunleri sektori, gida sektori iginde 6nemini her
gecen daha fazla arttiran alt sektorlerden birini
olugsturmaktadir. Dinya genelinde yasanan niifus
artisi, daha saghkh yagsama istegi ve gelir diizeylerinin
artmas1 gibi nedenler su firiinlerine olan talebi
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arttirmaktadir. Ayni1 zamanda uretim, depolama ve
ulagimdaki gelismeler su Uriinleri arzinin artmasina
destek olmaktadir. Dolayisiyla su triinlerindeki

Tablo 5. Uriin gruplarina gore EIT oranlar: (G-L endeksi)

Table 5 IIT ratios for product groups (G-L Index)

biylime egiliminin devam edecegi beklentisi 6ne
¢ikmaktadir.

HS Kodu 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
0301 0.41 028 090 047 032 033 070 059 /088 0.72 0.83 096 0.49
0302 032 037 043 031 026 031 020 0.18 0.16 0.14 0.10 0.12 0.14
0303 0.69 081 089 099 098 073 (088 0.76 098 0.78 0.72 064 0.47
0304 052 0.46 040 038 032 031 022 026 018 0.22 014 0.05 0.13
0305 0.09 0.04 0.03 0.02 0.02 0.03 000 0.03 003 0.01 0.01 000 0.03
0306 [0.76  0.68 0.52 [0.93 0.75 097 0.69 085 097 096 084 082 0.53
0307 032 067 074 065 0.75 096 0.79 0.83 068 [0.79 0.58 [0.94 0.60
0508 0.38 0.16 0.02 0.12 023 024 028 0.16 031 0.18 0.01 0.09 0.17
1504 0.64 041 0.22 028 053 0.34 047 024 042 027 0.53 0.28 042
1604 0.33 0.23 0.23 0.07 0.22 027 0.28 0.18 0.08 030 052 0.36 0.34
1605 0.12 0.03 0.06 0.09 0.15 0.25 017 029 0.19 018 0.22 0.24 0.18
7101 0.24 002 0.31 0.12 0.05 0.03 0.08 0.57 0.02 0.05 042 0.17 0.06

051191 0.03 0.05 0.08 0.26 003 0.05 0.04 001 0.04 007 0.02 0.02 0.00
130231 0.02 0.06 0.01 0.01 0.0 0.01 0.02 007 0.00 0.02 0.02 0.15 0.04
230120 0.09 0.02 0.03 0.00 0.03 0.00 003 0.05 010 0.14 0.13 0.04 0.03
391310 0.04 002 0.06 0.14 0.2 0.15 0.13 0.13 0.09 0.12 0.07 0.12 0.13

Kaynak: Anonim, 2023b; Orijinal Hesaplamalar.

Turkiye'de su urlnlerinin tiretiminde &zellikle 2019
yilinda ©6nemli bir biyume gerceklesmistir. Daha
sonraki yillarda ise benzer tiretim miktarlari devam
ettirilmistir. Uretimdeki biiyiime ic¢inde yer alan
yetigtiricilik Gretiminin payindaki artig dikkat cekici
bir gelisme olarak goriilebilir. Diger taraftan 2010-
2022 doneminde su uriinleri ihracatindan elde edilen
gelir iki kat artarken, ithalattaki artis ti¢ kat
olmustur. Aynm1 zamanda ihracatin ithalatin iki katina
ulagsmasi, sektordeki dis ticaret fazlasinin artarak
devam ettigini géstermektedir. Dolayisiyla su
urinlerinin Uretimindeki artigsa gore, dis ticaretteki
ihracat yonli buytime daha fazla olmustur. Ayrica bu
doénemde su tirtinlerinin dig ticaretten aldigi pay sinirh

diizeyde kalsa da, su dUrinlerinin dUretimi ve
ihracatinda 6nemli gelismeler yagsanmagtir.
Yapilan c¢alisma neticesinde, su Urtnleri dis

ticaretinde EIT orammin diigiik oldugu gérilmiistiir.
Bu sonu¢, ham su triinleri dig ticaretinin EIT
oranlarin1 analiz eden Erdal ve Durmus (2019 un
calismasindan farkhlik tagimaktadir. Yine bu ¢aligma,
AB iiyeleri ile Tiirkiye’nin dis ticareti tizerinden EIT
analizine odaklanan Kusat (2020) ile paralellik
gbstermektedir. Ilgili caligmalardan farkl olarak, bu
calismada iglenmis su uriinlerine dikkat c¢ekilmig ve
alt iriin gruplar: daha detaylh analiz edilmigtir.

Ham su triinlerinde EIT oram sadece 2012 yilinda
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yuksek iken diger yillarda disik olmus, sonraki
dénemde ise azalmistir. Ham su trtinleri kapsaminda
0306 ve 0307 kodlu iirtin gruplarinda yiiksek EIT
diizeyi dikkat ¢ekmistir. Islenmis su trtnlerinde ele
alinan butin dénemde EIT oranlarinin disuk oldugu
gozlenmig, sadece 1504 ve 1604 kodlu urin
gruplarinda EIT’e ulasma potansiyelinin daha yiiksek
oldugu anlagilmistir.

Turkiye'nin  iglenmigs su dritinlerinde ihracatin
yeterince artmadigi ve daha c¢ok ithalat¢i konumda
oldugu dikkate alindiginda, su Urilinlerinde
yetigtiriciligin payr artmasina ragmen, iglenmis su
urlinlerine henliz yeterince o6nem verilmedigi
anlasilmaktadir. Bununla birlikte iglenmis su
drtiinlerinde  EIT  oranlarmin  disik  olmas,
Turkiyenin su trtinleri dig ticaretindeki potansiyeline
tam olarak ulagsamadigi yoniunde bilgi vermektedir.
Basgta konserve balik ve balik yaglari olmak tizere
islenmis su trtnlerindeki EIT diizeyinin artmasi
durumunda, Turkiyenin su trtinleri dis ticaretinden
daha fazla fayda elde edebilecegi diistiniilmektedir.
Ayn1 zamanda iglenmis su Urinlerinde {rin
cesitlendirme olanaginin daha yuksek olmasi,
Turkiyenin su uriunleri dig ticaretinde daha yuksek
EIT’e ulagsma imkan: vermektedir. Bu dogrultuda hem
iglenmis su Uriinlerinin daha yiiksek katma deger
saglamas1 hem de raf omrinin daha uzun olmasi
dikkate alindiginda, Turkiyenin iglenmis su
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urinlerinin Uretimini ve ihracatini arttirmasi icin su
urunleri icerisinde igslenmis su tirtinlerini 6ncelikleyen
tesvik ve destek mekanizmalarina agirhik vermesi
gerekmektedir. Biutiin bunlar disiinildiginde, gelir
seviyesinin daha ylksek oldugu tiilkeler ile yapilan
ticarette ve iglenmis su turlnleri basta olmak tizere
ham su tiriinleri iginde yetigtiricilige dayah tirtinlerde
EITin arttirnlmasi, Tirkiye'nin su trtnleri dig
ticaretine daha oOnemli katki saglayabilir. Bu
bakimdan hem yiiksek gelirli ilkeler grubu olarak
hem de artan su urinleri talebinden dolayr AB’ye
yapilan su urlnlerinin ihracatina daha fazla 6nem
verilmesi gerekmektedir. Ayrica, Turkiye’de hala
disik seviyede olan ham ve iglenmis su urinleri
tiketiminin 6nemine daha fazla dikkat c¢ekilmell,
boylelikle artan i¢ talep ile birlikte saglanacak 6lgek
ekonomisinin ihracat1 destekleyecegi
distinilmektedir. Ayn1 zamanda literatiirde iglenmis
su Urlinlerine yonelik ¢alismalarin az olmasi nedeniyle
bu konuda daha fazla bilimsel yayina ihtiyac
duyulmaktadir.

Aragtirmacilarin Katk: Oram Beyan Ozeti

Yazar c¢alismanin tamamini kendisinin yaptigini

beyan eder.

Cikar Catigmasi

Yazar bu c¢alismada herhangi bir c¢ikar catismasi
olmadigini beyan eder.
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ABSTRACT

In this study, the sorghum plant, which is one of the most important
plants in the world, was used as material. It was grown in Konya
province of Turkiye, which has semi-arid climate conditions. Plant
height, fresh weight, and dry weight were determined for 11 weeks
during the vegetation period. To determine the shape of the plant
growth, some growth models were used and the parameters of the
models were tried to be defined. The coefficient of determination (R2),
Pseudo R2, Mean Squares of Error (MSE), and Akaike Information
Criteria (AIC) statistics were taken into account in comparing the
performances of the Brody, Gompertz, Von Bertalanffy, Logistic, and
Log-Logistic models. The R2, Pseudo R2, MSE and AIC values of the
Gompertz model found suitable for plant height were found to be
0.998, 0.999, 23.162, and 21.013 respectively. The R2, Pseudo R2, MSE,
and AIC values of the von Bertalanffy model, which was found
suitable for wet weight estimation, were obtained as 0.995, 0.998,
1817.141, and 41.993 respectively. The £?, Pseudo R2, MSE, and AIC
values of the Log-logistic model, which were found suitable for
estimating the dry weight of the plant, were calculated as 0.998,
0.9993, 51.007, and 24.784 respectively. It can be suggested that
nonlinear mathematical growth models are useful methods in terms
of describing important plant characteristics such as plant height, and
fresh and dry weight, calculating maximum plant height and weight,
and determining the average growth rate. As a result, the growth
curve models showed different results in different characteristics such
as plant height, and fresh and dry weight of the plant.

OZET

Bu calismada dinyanin en énemli bitkilerinden biri olan sorgum
bitkisi materyal olarak kullanilmigtir. Bu bitki Turkiye'nin yari kurak
iklim kosullarina sahip Konya ilinde yetistirilmistir. Vejetasyon
doneminde 11 hafta boyunca bitki boyu, yas agirhigr ve kuru agirhigi
Olciilmustur. Bitkide buytimenin seklini belirlemek amaciyla bazi
biylime modelleri kullanilmis ve modellerin parametreleri
tanimlanmaya c¢alisgilmigtir. Brody, Gompertz, Von Bertalanffy,
Logistic ve Log-Logistic modellerinin karsilagtirilmasinda belirleme
katsayist (R2), Pseudo R2, Hata Kareler Ortalamasi ve Akaike Bilgi
Kriteri istatistikleri dikkate alinmistir. Bitki boyu i¢in uygun bulunan
Gompertz modelinin R2, Pseudo R2, Hata Kareler Ortalamasi1 ve
Akaike Bilgi Kriteri degerleri sirasiyla 0.998, 0.999, 23.162 ve 21.013
olarak bulunmustur. Yas agirlik i¢cin uygun bulunan Von Bertalanffy
modelinin R2, Pseudo R2, Hata Kareler Ortalamas1 ve Akaike Bilgi
Kriteri degerleri sirasiyla 0.995, 0.998, 1817.141 ve 41.993 olarak elde
edilmigtir. Kuru agirlik i¢in uygun bulunan Log-Logistik modelinin
R2, Pseudo R?, Hata Kareler Ortalamasi ve Akaike Bilgi Kriteri
degerleri sirasiyla 0.998, 0.9993, 51.007 ve 24.784 olarak
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hesaplanmigtir. Bitki boyu, yas ve kuru agirlik gibi 6nemli bitki
ozelliklerinin tanimlanmasi, maksimum bitki boyu ve agirliginin
hesaplanmasi ve ortalama biiyiime hizinin belirlenmesi agisindan
dogrusal olmayan matematiksel blyime modellerinin faydalh
yontemler oldugu onerilebilir. Sonug olarak sorgum bitkisinde bitki
boyu, bitkinin yas ve kuru agirhigi gibi farkli 6zelliklerinde buytime

egrisi modelleri farkli sonuglar géstermistir.

Atif Icin:  Celik, S., Géniilal, E., & Tutar, H., (2(_)_24). Sorgumun Bitki Boyu, Taze Agirlig1 ve Kuru Agirliginin Biiyiime
Egrisi Modelleri ile Arastirilmas1. KSU Tarim ve Doga Derg 27 (4), 994-1004. DOI: 10.18016/ksutarimdoga.vi.
1310574.
To Cite: Celik, S., Géniilal, E., & Tutar, H., (2024). Investigation of Plant Height, Fresh, Weight, and Dry Weight of
Sorghum with Growth Curve Models. KSU J. Agric Nat 27 (4), 994-1004. DOI: 10.18016/ksutarimdoga.vi.
1310574.
INTRODUCTION Alam et al., 2022; Karizaki et al., 2022).

Sorghum bicolor (L.)Moench is a plant belonging to the
Poaceae (Gramineae) family. It is an essential staple
food for millions in developing countries, mostly in
semi-arid and arid tropical regions (Abreha et al.,
2022). Provides fiber, protein-rich and gluten-free
nutrition (McCann et al., 2015; Impa et al., 2019). In
addition to food use, it is utilized as a raw material
source for bioethanol production (Mathur et al., 2017).
It is used in the livestock and biofuel industry in
America and other developed countries (McLaren et
al., 2003). Sorghum is a warm-season grassy C4 plant
grown in different ecological conditions. It requires less
fertilizer than many economically important plants
and is tolerant to drought, high temperature, and
salinity (Mastrorilli et al., 1999; Gnansounou et al.,
2005; Tesso et al., 2005; Almodares et al., 2007). Its
successful cultivation in semi-arid and arid regions
makes sorghum an important component
(Murungweni et al., 2016; USDA-FAS, 2018).

Sorghum is the fifth most important cereal crop in the
world after rice, wheat, corn, and barley. According to
FAO reports, in 2021, 40.9 million hectares of land and
61.3 million tons of production were made worldwide.
In terms of production share, Africa (42.8%) ranks
first, followed by America (38.5%), Asia (14.2%),
Oceania (2.7%) and Europe (1.9%). In terms of
production, the USA (11.3 million tons) is in the first
place, followed by Nigeria (6.7 million tons), India (4.8
million tons), Ethiopia (4.4 million tons) and Mexico
(4.3 million tons) (FAO, 2022).

The use of mathematical growth models to describe
growth is common in the agricultural sciences (Sari et
al., 2019). The growth models can be used to describe a
biological process, such as seed germination (Sousa et
al., 2014) and plant growth (Bem et al., 2017, 2018). In
addition, nonlinear regression and growth models are
still little used when statistical analysis is made in
field crop trials, and when used, growth models are
mostly adjusted according to accumulated production
data. Nonlinear mathematical growth models have
been used in some plants (Jane et al., 2020; Lacasa et
al., 2021; Rahemi-Karizaki et al., 2021; Liu et al., 2021;
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Up until the harvest point for ensiling, linear and
nonlinear modeling techniques such as linear,
quadratic, and Wood models were used to characterize
the chemical composition and evaluate the biometric
characteristics of pearl millet, corn, and sorghum.
Growth models were used in the maize, pearl millet,
and sorghum crops to characterize leaf growth up to
the harvest point for ensiling (Chrisostomo et al.,
2022). Non-linear regression analysis was applied to
data on the dry weight of sorghum biomass that was
gathered throughout the growing season in Italy
(Pannacci and Bartolini 2016).

In this study, fresh weight, dry weight, and plant
height parameters of the sorghum plant, which is one
of the most important plants in the world, were
measured for 11 weeks. It is aimed to model the
obtained data by comparing it with 5 different growth
curve methods.

MATERIAL and METHOD

The research was conducted in the province of Konya,
located in the Central Anatolia Region of Turkiye, in
2020. Early Sumac variety of sorghum plant was used
as material. The area where the study was carried out;
is an area with a clay loam structure, not very rich in
organic matter, high lime content, pH value between
7.6 - 8.3, and no salt problem (Table 1).

The plant vegetation period is May-August. When
Table 2 is examined; according to the climate data of
the study area for long years, the average temperature
was 20.7 °C and the highest average temperature was
23.5 °C (July). According to long years, the average
temperature in the sorghum growing period was 15.9
°C in May, 20.1 °C in June, 23.5 °C in July and 23.3 °C
in August. Considering the precipitation data, it was
seen that the average for long years was 82.4 mm. In
the study year, the average temperature of the
sorghum vegetation period was 21.5 °C, while the total
precipitation amount was 74.3 mm.

In the study, the plots were formed in 4 rows, 5 cm on

the row, 45 cm between the rows, and 5 m in length.
The parcel dimensions are arranged as 1.8 mx 5m =9
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m?. In the study, sowing was done on 12 May 2020, and remaining part of the nitrogen fertilizer was
50 mm of water was given to all plots. After soil distributed equally to the plots by drip irrigation in the
preparation, phosphorus fertilizer (9 kg/da) was given form of 4 parts (15 kg/da). In weed control, both

and a total of 18 kg N was given throughout the period, mechanical and drug control methods were applied. In
taking into account the soil analysis with planting. All the study, irrigation was done with a drip irrigation
of the phosphorus fertilizer and 3 kg/da of nitrogen system, and a total of 480 mm of irrigation water was
fertilizer were given with the planting, and the given.

Table 1. Some soil properties of the experimental area
Cizelge 1. Deneme alanina ait bazi toprak ozellikleri

_ 2 b= @ s R ) ~
< o Z = S CRSH- S sy 5 8 g g 2 ¥
e} o ﬁH - = SIS E 3 = E o, = E EP £ = )
e & @ © 3 7 £ > 9 S ©°& & 9
A ~ i = 2 = o n
0-30 9.6 29.4 61.0 CL 26.2 16.8 1.24 79 065 456 14 12.7 85
30-60 10.4 30.7 58.9 CL 27.3 17.3 1.35 83 049 359 1.2 11.6 63
60-90 9.1 28.4 62,5 CL 28.4 17.7 1.33 84 042 394 1.1 10.8 44
Table 2. Climate data of the study area (1929-2019, 2020)
Cizelge 2. Calisma alanin iklim verileri (1929-2019, 2020)
Years May June July August  Average/Total
Avr. Tem. (°C) 15.9 20.1 23.5 23.3 20.7
Long Years (1929-2019)  Max. Tem.(°C) 22.4 26.7 36.6 30.2 29.0
Min. Tem.(°C) 8.6 12.6 15.9 15.6 13.2
Precipitation (mm)  43.4 25.7 7.0 6.3 82.4
Avr. Tem. (°C) 16.2 20.3 25.5 23.8 21.5
2020 Max. Tem.(°C) 34.5 34.4 36.2 36.3 35.4
Min. Tem.(°C) 0.3 5.8 11.5 8.3 6.5
Precipitation (mm)  41.7 20.1 7.5 5.0 74.3
In the study; From 22 June until 1 September, plant weight or length is referred to as the A parameter in
height, fresh weight, and dry weight measurements all models, and all other parameters are described as
were made weekly for a total of 11 weeks. Data were constants relating to the shape and instant growth
obtained from 3 randomly selected plants each week. rates of the growth curve. B is the integration constant
Brody, Gompertz, Logistic, Von Bertalanffy, and Log- and k is the maturity rate (Winsor, 1932; Brody, 1945;
Logistic non-linear functions were used in the study. Bertalanffy, 1957; Nelder, 1961; Brown et al., 1976;

Table 3 lists the formulas, growth rates, and inflection Blasco et 3}1~’ 2003; Bahreini Behzadi et al., 2014;
point locations for these functions. The asymptotic Rzadkowski et al., 2015).

Table 3. Model expressions and parameters of growth functions
Cizelge 3. Biiytlime fonksiyonlarinin model ifadeleri ve parametreleri

Model Equation IPT IPW
Brody Y, = A(1 — b exp(—kt))
Gompertz Y, = A exp(—b exp(—kt)) In(b) /k Ale
Von Bertalanffy Y, = A(1 — b exp(—kt))3 (In3b) /k 8A/27
Logistic Y, = A/(1 + b exp(—kt)) —In(1/b)/k A/2
Log-Logistic Y, = A/(1 + b exp(—kin(t))) [(1+k)/b(k — 1]V A(k-1)/(2k)

Y+ Plant length/weight, A: Asymptotic length/weight, b: Integration constant, k: Maturing index. IPT: Point of inflection time,
IPW: Point of inflection weight

In model fit, both individual and average total data measured every week. These analyses were carried out
were analyzed. Since the analysis results of individual as a general analysis for each feature. Analyzes were
and averaged data were very close to each other, the carried out with the SPSS 25.0 package program.
analysis results of averaged data were evaluated in the LeYenberg-Marquardt algorithm was chosen for model
study. In other words, the analysis was not made fitting.

individually, but as a single analysis in the data set To select the best model, coefficient of determination
created by taking the average of 3 observations (R?), number of iterations, Mean Square Error (MSE),
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and Akaike information criterion (AIC) were
performed (Echeverri et al., 2013; Tariq et al., 2013;
Uckardes et al., 2013; Lupi et al., 2015; Yavuz et al.,
2019). For each of these criteria, the optimum status
was the highest level of the determination coefficient
(pseudo R2), the smallest number of the iterations
needed, and the lowest value of the Akaike information
criterion and Mean Square Error (Thomas et al., 2009;
Yavuz et al., 2019). The Akaike information criterion
was calculated as:

AlC =n s n (35) + 2k )]
The R? and pseudo R2 was calculated following:
R?=1-32 @)
pseudo R =1 — % 3
The formula of MSE is as follows:

MSE == (4)

Where k is the number of parameters +1, SSE' is the
residuals sum of squares and n is the number of
observations. SST is the total sum of squares, and
SSTcis the adjusted overall sum of squares.

RESULTS and DISCUSSION

The estimated parameters of the 11-week plant height
measurements of the sorghum plant are presented in
Table 4. All the estimated growth curve models fit well
with the observed growth curves (R2>0.99) in plant
length (Table 4 and Figure 1).

Following analyses utilizing various non-linear growth
functions, it was determined that the values estimated
for A, which represented the mature length in each
function (316.592-610.934 cm, Table 4) were reliable.

The values estimated for the k (maturing index)
parameter are -0.072, 0.31, 0.234, 0.53, and 1.203 in
Brody, Gompertz, Von Berttalanffy, Logistic, and Log-
Logistic models, respectively (Table 4). The point of
inflection time for plant length is 4.184, 3.686, 5.037,
and 5.886 in Gompertz, Von Berttalanffy, Logistic, and
Log-Logistic models, respectively. The point of
inflection length is 128.656, 111.643, 158.296, and
266.443 in Gompertz, Von Berttalanffy, Logistic, and
Log-Logistic models, respectively (Table 4). The Brody
model has no inflection point.

As seen in Table 4, the model with the best fit is the
Gompertz model.

Table 4. Parameter coefficients and goodness of fit criteria for growth models (plant length).
Cizelge 4. Biiyiime modelleri i¢in parametre katsayilari ve uyum kriterleri (bitki uzunlugu),

Model Brody Gompertz Von Bertalanffy Logistic Log-Logistic
A 610.934 349.722 376.794 316.592 581.198

b 0.979 2.683 0.625 8.494 13.468

k -0.072 0.31 0.234 0.53 1.203

R2 0.993 0.998 0.998 0.995 0.996
Pseudo R2 0.9985 0.9996 0.9995 0.9989 0.9993

MSE 87.786 23.162 26.142 63.944 39.039

AIC 27.378 21.013 21.591 25.864 23.506

IPT 4.184 3.686 5.037 5.886

IPW 128.656 111.643 158.296 266.443

Models with the best goodness of fit are represented in bold

Table 5 provides the expected parameters for the
sorghum plant's fresh weight measurements at 11
weeks. All of the calculated growth curve models
(R2>0.99) in plant fresh weight fit the observed growth
curves quite well (Figure 3). Several non-linear
development functions were used in the analyses, and
the values calculated for the A parameter, which in
each function denotes the mature fresh weight, were
found to be 311.557-1767.663 g (Table 5).

The values estimated for the k (maturing index)
parameter are -0.001, 0.385, 0.288, 0.671, and 2.592 in
Brody, Gompertz, Von Berttalanffy, Logistic, and Log-
Logistic models, respectively. The point of inflection
time for plant fresh weight was 5.644, 5.257, 4.564, and
5.472 in Gompertz, Von Berttalanffy, Logistic, and
Log-Logistic models, respectively. The point of
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inflection weights were 573.18, 500.233, 701.489, and
542.847 in Gompertz, Von Berttalanffy, Logistic, and
Log-Logistic models, respectively (Table 5).

In the Brody model in Tables 4 and 5, the k parameter
was found to be negative. This means that the weekly
maturation rate of plant height and fresh weight is
negative. However, in other models used, the weekly
maturity rate is positive and is the expected result.
Weekly maturity rates of the sorghum plant until its
last developmental period are generally positive and
there have been studies on this (Shi et al., 2013;
Chrysostom et al., 2022).

The Gompertz, Von Berttalanffy, Logistic, and Log-
Logistic models for plant fresh weight's inflection point
plots are shown in Figure 4.
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Figure 1. Growth curves of sorghum plant height (cm)
Sekil 1. Sorgum bitki boyunun biiytime egrileri
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Figure 2. The point of inflection time for plant length
Sekil 2. Bitki uzunlugu i¢in biikiilme zamani noktasi grafigi

Table 5. Parameter coefficients and goodness of fit criteria for growth models (plant fresh weight).
Cizelge 5. Bliiyiime modelleri igin parametre katsayilar: ve uyum kriterleri (bitki yas agirligi).

Model Brody Gompertz Von Bertalanffy Logistic Log-Logistic
A 311.557 1558.06 1688.287 1402.98 1767.663
b 1 5.976 1.136 35.294 109.523

k -0.001 0.385 0.288 0.671 2.592

R2 0.974 0.994 0.995 0.987 0.993
Pseudo R2 0.9903 0.9977 0.9980 0.9952 0.9979
MSE 8992.44 2197.14 1871.141 4481.04 1940.435
AIC 49.493 42.760 41.993 46.165 42.167
IPT 5.644 5.257 4.564 5.472
IPW 573.18 500.233 701.489 542.847

Models with the best goodness of fit are represented in bold
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Figure 3. Growth curves of sorghum plant fresh weight
Sekil 3. Sorgum bitkisi yas agirliginin biiyiime egrileri
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Figure 4. The point of inflection time for plant fresh weight
Sekil 4. Bitki yag agirligi i¢in biikiilme zamani noktas: grafigi

Table 6 provides the expected parameters for the
sorghum plant's 11-week plant dry weight
measurements. In terms of plant dry weight, the
estimated growth curves from models suit the observed
growth curves well (R2>0.99) (Figure 5).
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The analyses were carried out using several non-linear
growth functions, and the values estimated for the A
parameter, which represents the asymptotic dry
weight in each function, were established (393.345-
752.232 g, Table 6).
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The values estimated for the k (maturing index)
parameter are 0.001, 0.365, 0.205, 0.722, and 3.507 in
Brody, Gompertz, Von Berttalanffy, Logistic, and Log-
Logistic models, respectively. The point of inflection
time (week) for plant fresh weight is 7.109, 7.353,

5.708, and 7.137 in Gompertz, Von Berttalanffy,
Logistic, and Log-Logistic models, respectively. The
point of inflection weight is 206.974, 222.884, 234.886,
and 208.863 in Gompertz, Von Berttalanffy, Logistic,
and Log-Logistic models, respectively (Table 6).

Table 6. Parameter coefficients and goodness of fit criteria for growth models (plant dry weight).
Cizelge 6. Biiyiime modelleri i¢in parametre katsayilari ve uyum kriterleri (bitki kuru agirhigi).

Model Brody Gompertz Von Bertalanffy Logistic Log-Logistic
A 393.345 562.613 752.232 469.771 584.35
b 1 9.299 1.226 110.847 1042.831
k 0.001 0.365 0.205 0.722 3.507
R2 0.937 0.998 0.996 0.998 0.998
Pseudo R? 0.9709 0.9993 0.9984 0.9992 0.9993
MSE 2202.82 53.532 124.629 55.26 51.007
AIC 42.773 25.015 29.052 25.167 24.784
IPT 7.109 7.353 5.708 7.137
IPW 206.974 222.884 234.886 208.863
Models with the best goodness of fit are represented in bold
500,0
400,0
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[«5]
=
S 200,0
°
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<
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Figure 5. Growth curves of sorghum plant dry weight
Sekil 6. Sorgum bitkisi kuru agirliginin biiytime egrileri

Figure 6 displays the inflection point charts for the
Gompertz, Von Bertalanffy, logistic, and log-logistic
models for plant dry weight.

Tables 4, 5, and 6 explain the goodness of fit statistics
obtained for the five models studied. It was observed
that for plant length (Table 4), the Gompertz model
provided the best fit. On the other hand, in what
concerns fresh and dry weight, different models
provided best fits for datasets of different features.
Different growth curve models with different
characteristics showed the best performance. It was
observed that for plant fresh weight (Table 5), the Von
Bertalanffy model provided the best fit. It was
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observed that for plant dry weight (Table 6), the Log-
Logistic model provided the best fit. Thus, it was not
possible to determine a model as being superior to the
others.

Descriptive statistics regarding plant height, fresh
weight, and dry weight are presented in Table 7.

In a study (Chrisostomo et al.,, 2022), while leaf
diameter and length had a superior fit to the nonlinear
Wood model, the biometric variables plant height and
leaf width had a better fit to the linear model. Corn,
pearl millet, and sorghum did not differ from one
another in terms of the biometric variables (p=0.1863),
and the model curves for corn and sorghum overlapped
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for all variables. The Gompertz model provided the
best fit for leaf growth. In this study, the Gompertz
model was the most appropriate model for plant

Logistic
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TPW-plant dry weight

215,000
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205,000

5,500 6,000

6,500

height. It seems to be compatible with the results of
this study in that the best model is the same.
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Figure 6. The point of inflection time for plant dry weight
Sekil 6. Bitki kuru agirlig: i¢in bikiilme zamani noktas: grafigi

Table 7. Descriptive statistics of plant height (cm), plant fresh weight (g) and plant dry weight (g) (X F s5)
Cizelge 7. Bitki boyu (cm), bitki yas agirhigi (g) ve kuru agirhigina (g) ait tanimlayici istatistikler (X F s;)

Weeks N Plant height

Plant fresh weight

Plant dry weight

3

LW W wWwWwwWwwwww

24.333+0.882
50.667+3.480
77.000+2.309
123.000¥7.211
159.333F11.566
205.667+14.769
230.667+17.285
251.667+14.814
275.333+6.360
295.000+5.000
315.000+2.887

16.00040.577 1.470+0.057
43.333+3.333 5.300F0.401
68.333+4.410 8.767+0.601

196.667+34.921
443.333+85.942
736.667+13.017
868.000+20.551
965.000429.297
1163.333+86.667
1303.333+44.190
1403.333+20.276

26.733F4.823
65.767¥11.919
128.000+4.359
195.000+8.660
262.667+3.930
351.900+26.467
405.633+12.632
433.333410.929

1
2
3
4
5
6
7
8
9
1
1
X:

0
1 3
M

ean, sg: Standard error.

The comparison between the observed values and the
predicted values by the logistic model was displayed
for the dry weight of sweet sorghum (Shi et al., 2013).
In the logistic model, parameter values were found to
be A=213 (asymptotic dry weight), b=7.73, and
k=0.1237. The R2 of the model was found to be 0.940.
The parameter coefficients representing the sorghum
dry weight in this study and the best-fitting model
differed.

In Ttaly, sorghum hybrids’ average plant height was
222 and 181 cm to biomass hybrids and forage hybrids
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in 2005, respectively. The sorghum hybrid’s average
plant height was measured at 338 and 284 cm for
biomass hybrids and forage hybrids in 2006,
respectively. The plant height of biomass hybrids was
higher than forage hybrids as observed in 2005 with an
average value of 338 cm (Pannacci and Bartolini 2016).
Plant height values were found to be different from the
values in this study.

In a study conducted in Italy, the plant height of
different varieties of sorghum plants was found to be
between 199 and 344 cm (Habyarimana et al., 2004).
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The highest plant height was obtained from the H 132
variety with 344 cm. This was followed by Mamhonne
(295 cm), IS 21055 (291 cm), and Brown sweta (291
cm). When compared to the sorghum plant height in
this study, H 132 sorghum was higher than the result
of this study, while other varieties were lower.

CONCLUSION

In this study, 5 different growth curves were compared
using the plant height, and plant fresh and dry weights
from the day of emergence to the 11th week of the
sorghum plant. In the Gompertz model that best
describes the plant length, the asymptotic plant length
(A) was estimated as 349.7 cm and the adult growth
rate (k) was 0.31. Gompertz model Y,
349.7 exp(—2.683 exp(—0.31t)) was determined as.

In the Von Berttalanffy model that best describes the
plant's fresh weight; the maximum fresh plant weight
(A) was estimated at 1688.287 g and the adult growth
rate (k) was 0.288. The time of the highest wet weight
gain was 5.257 weeks. Von Berttalanffy model Y; =
1688.287(1 — 1.136 exp(—0.288t))3 was determined as.

In the Log-Logistic model that best describes the plant
dry weight, the maximum dry weight of plants (A) was
estimated as 584.35 g and the adult growth rate (k)
was 3.507. Log-Logistic model Y, =584.35/(1+
1042.831 exp(—3.507In(t))) was determined as.

Although the growth curves appear to be close to each
other when looking at the figures, it has been
determined that the model fits give different results.
As a result, when the 11-week growth curves of the
plant were examined, plant height, and fresh and dry
weight characteristics were modeled differently.
Brody’s model showed the lowest model performance of
all models. Gompertz, Von Bertalanffy, and Log-
Logistic models were the models that best describe the
growth for plant height, wet weight, and dry weight in
sorghum plants, respectively. Defining growth is
important in determining the most appropriate time
for agricultural practices. Growth differences seen
between plant characteristics require the use of
different models in the adaptation of growth data. In
choosing the model to be used in the fitting of growth
curves, the structure of the data of the estimated
parameters should be considered. With such growth
functions, it may be possible to predict the plant
height, fresh weight, and dry weight that plants can
reach in the future.
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