' 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 22 Say1-Number 6 Yil-Year: 2019 .




KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

TARIM ve DOGA DERGISI

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

Emerging Sources Citation Index

TUBITAK-TR Dizin

CAB Abstracts

The International Plant Names Index

DRJI (Directory of Research Journal Indexing)

Google Scholar

Scientific Indexing Services (SIS)

International Directory of Agriculture, Food and The Environment

CiteFactor

Journal Index

Yazigsma Adresi / Corresponding Address
Kahramanmaras Siit¢ii Imam Universitesi
Tarim ve Doga Dergisi,
46100 — Kahramanmaras/TURKIYE
Tel : (+90-344) 300 2108

E-mail: dogabilimleri@ksu.edu.tr
Web: http://dergipark.org.tr/ksudobil

http://dogadergi.ksu.edu.tr

Bu dergi hakemli olup yilda 6 kez yayinlanir.
This journal is 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 Adi/Previous Name of Journal
KSU Fen ve Miithendislik Dergisi
KSU dJournal of Science and Engineering
KSU Doga Bilimleri Dergisi
KSU Journal of Natural Scienence
Derginin Eski ISSN Numarasi/Previous ISSN Number
1301-2053

Cilt-Volume 22 Say1-Number 6 Yil-Year 2019



http://www.cabi.org/publishing-products/online-information-resources/cab-abstracts/
http://www.ipni.org/ipni/advPublicationSearch.do?find_title=&find_abbreviation=KSU&output_format=normal&query_type=by_query&back_page=publicationsearch
http://www.drji.org/
http://www.citefactor.org/
http://dergipark.org.tr/ksudobil
http://dogadergi.ksu.edu.tr/

TARIM ve DOGA DERGISI

KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

Sahibi/ Owner
Prof.Dr. Niyazi CAN
Kahramanmarag Stitgii Imam Universitesi Rektoru

Editorler / Editors
Prof.Dr. Ali KAYGISIZ (Baskan/Editor in Chief)
KSU Ziraat Fak. Zootekni Bél.
dogabilimleri@ksu.edu.tr

Prof.Dr. Adil AKYUZ
KSU Ziraat Fak.
Biyosistem Muh. Bol.
adilakyuz@ksu.edu.tr

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

Prof.Dr. Sakine Serap AVGIN
KSU Egitim Fak.
Biyoloji Bol.
ssavgin@ksu.edu.tr

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

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

Ingilizce Editorii/English Editor
Prof.Dr. Ramazan CETINTAS
KSU Ziraat Fak. Bitki Koruma Bél.
cetintas@ksu.edu.tr

Danigmanlar Kurulu/Advisory Board

Dr. Eslam FAID-ALLAH
Minoufiya University, EGYPT

Prof. Dr. Fikri BALTA
Ordu Univ. ORDU

Prof.Dr Stanmislaw HURUK
Jan Kochanowski Univ. POLAND
Prof.Dr. K Mahmood KHAWAR
Ankara Universitesi, ANKARA
Prof. Dr. Ramazan MERAL,
Bingol Univ. BINGOL

Prof.Dr. Fatih SATIL
Balikesir Univ. Balikesir

Prof. Dr. Ibrahim YILMAZ
Akdeniz Univ. ANTALYA

Cilt-Volume 22

Prof.Dr. Ahmet ALP
Kahramanmarag Siit¢ti Imam Univ.

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

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

Dr. Ogr.Uye Mustafa.KUSE_K
Kahramanmarag Stt¢ii Imam Univ.

Prof.Dr. Yesim Yalc¢m MENDI,
Cukurova Universitesi, ADANA
Prof.Dr. Huseyin SUZEK 5
Mugla Sitki Kogman Univ. MUGLA

Prof. Dr. Kadir YILMAZ
Kahramanmarag Stt¢ii Imam Univ.

Say1-Number 6

Do¢.Dr. Tugay AYASAN
Dogu Akdeniz TAE Miid. ADANA

Prof Dr. Ristit HATIPOGLU
Cukurova Universitesi, ADANA

Prof.Dr. A Salah KHATTAB
Tanta University, EGYPT
Dog.Dr. Murat KUTUK
Gaziantep Univ. GAZIANTEP
Dr. Ahmad K. SALAMA
Autonomous University of Barcelona,

SPAIN

Prof.Dr Vytautas TAMUTIS
Uniwersytet Aleksandra, LITVANIA

Prof.Dr. Jose Cola ZANUNCIO
Federal Univ. of Vicosa, BRAZIL

Yil-Year 20 1 9



KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

TARIM ve DOGA DERGISI

ICINDEKILER
ARASTIRMA MAKALESI - RESEARCH ARTICLE

Bazi Ahududu Cesitlerinin Yozgat Ekolojisinde Adaptasyon Yeteneklerinin Belirlenmesi
Determination of Adaptation Capabilities of Some Raspberry Varieties in Yozgat Ecology 823-829
Giilden BALCI, Hakan KELES

Investigation of the Effect of Honey Bee Pollination for Apple (Malus sylvestris (L.)Mill.) on Fruit

Yield, Seed Number and Seed Germination Capacity

Elma (Malus sylvestris () Mill.) Polinasyonunda Bal Aris1 Kullaniminin Meyve Verimi, Tohum  830-836
Sayis1 ve Tohum Cimlenme Kapasitesi Uzerine Etkisinin Arastirilmas:

Fethi Ahmet OZDEMIR, Mehmet Ali KUTLU, Abdurrahman GUL

Karnabaharda (Brassica oleraceae L. var. botrytis) Tuz Stresinin Azaltilmasinda Humik Asit
Uygulamalarinin Rolt

The Role of Humic Acid Application in Reducing Detrimental Effects of Salt in Cauliflower  837-842
(Brassica Oleraceae L. Var. Botrytis)

Ahmet TURHAN

Impact of Cadmium and Lead Heavy Metal Stress on Plant Growth and Physiology of Rocket
(Eruca sativa L.)

Kadmiyum ve Kursun Agir Metal Stresinin Rokada (Eruca sativa L.) Bitki Biiylimesi ve
Fizyolojisi Uzerine Etkisi

Ertan YILDIRIM, Melek EKINCI, Metin TURAN, Giileray AGAR, Selda ORS, Atilla DURSUN,
Raziye KUL, Tayfun BALCI

843-850

Ekmeklik Bugday (7riticum aestivum L.) Cesitlerinde Bazi Tarimsal Ozellikler Bakimindan
Korelasyon ve Path Analizi

Path Coefficient and Correlation Analysis in Bread Wheat (7¥iticum aestivum L.) Varieties for ~ 851-858
Some Agronomical Traits

Hiiseyin GUNGOR, Ziya DUMLUPINAR

Nohut Tariminda Ekim Sonrasi Uygulanan Farklh Silindir Baski Seviyelerinin Topragin Fiziksel

Ozellikleri ve Bitki Cikis Oranina Etkisi

The Effect of Different Packing Levels Applied After Seeding in Chickpea Agriculture on Soil  859-864
Physical Properties and Seed Emergence Ratio

Songiil GURSOY, Ziibeyir TURK

Trakya Bélgesinde Tarimsal Mekanizasyon Diizeyinin Illere Gére Belirlenmesi

Determining of Agricultural Mechanization Level in Thrace Region by Provinces 865-871
Derya Ilkay ABDIKOGLU

Tirkiye’de Uretilen Bahce Traktérlerinde Denetim Elemanlari Yerlesim Ergonomisinin
Degerlendirilmesi

Ergonomic Evaluation of The Control Layouts of Horticulture Type Tractors Manufactured in 872-885
Turkey

Sarp Korkut SUMER, Ali CAGLAR

Seralarda Is1 Perdesi Kullaniminin Is1 Tasarrufuna Etkisinin Belirlenmesi ve Ekonomik Ac¢idan

Bir Degerlendirme

Determination of the Effect of Thermal Screen Usage on Heat Saving in Greenhouses and an 886-895
Evaluation from Economic Perspective

/ ‘ A. Nafi BAYTORUN, Adil AKYUZ, Sait USTUN, Ali CAYLI

Cilt-Volume 22 Say1-Number 6 Yil-Year 2019




Pestisitlerin ve Odun Sirkesinin Baz1 Mikrobiyal ve Fiziko-kimyasal Toprak Parametrelerine
Etkilerinin Arastirilmasi

Investigation of the Effects of Pesticides and Wood Vinegar on Some Microbial and Physico-
chemical Soil Parameters

Ibrahim KOC, Erdal Necip YARDIM

Amanos Daglarindan Oppioid Oribatid Akarlarin (Acari, Oribatida, Oppioidea) Yeni Lokalite
Kayitlar

New Locality Records of Oppioid Oribatid Mites (Acari, Oribatida, Oppioidea) from the Amanos
Mountains (Turkey)

Yasemin AY, Nusret AYYILDIZ

Effects of Beauveria bassiana on Quantity of F1 Larvae and Larval Mortality of 7ribolium
confusum (Coleoptera: Tenebrionidae)

Beauveria bassianamn Tribolium confusum (Coleoptera: Tenebrionidae) F1 Larva Sayisina ve
Larva Olim Orania Etkisi )

Mehmet Kubilay ER, Ebru CETINPOLAT, Cebrail BARIS, Ali Arda ISIKBER, Hasan TUNAZ

Purification of Capsaicin and Molecular Biological Activity Evaluation
Kapsaisin Saflagtirilmasi ve Molekiiler Biyolojik Aktivite Degerlendirmesi
Sibel BAYIL OGUZKAN, Halil Ibrahim UGRAS

Chemical Content and Biological Activity Spectrum of Nigella sativa Seed Oil
Corek Otu Tohumu Yaginin Kimyasal Igerigi ve Biyolojik Aktivite Spektrumu
Yusuf SICAK, Elif Ayse ERDOGAN ELIUZ

The Effects of Oregano Oil (Origanum onites L.) on the Growth Performance and Some Blood
Parameters of Holstein Friesian Calves

Siyah Alaca Buzagilarda Kekik Yagimin (Origanum onites L.) Buzagilarin Gelisim Performansi
ve Bazi Kan Parametreleri ﬂzerine Etkisi

Muhammet Hanifi SELVI, Ibrahim TAPKI

Effects of Saline Drinking Water on Growth Performance and Mortality Rate of Japanese Quails
(Coturnix coturnix Japonica)

Naser MAHERI SIS, Ghadir KHALILIPOUR, Abdolahad Shaddel TELI

Investigation of Some Biochemical Parameters in Sheep Naturally Infected with Cystic
Echinococcosis

Kist Hidatik ile Dogal Enfekte Koyunlarda Baz1 Biyokimyasal Parametrelerin Arastirilmasi
Kivanc IRAK, Ozgiir Yasar CELIK, Bur¢cak ASLAN CELIK, Memis BOLACALI, Handan MERT,
Nihat MERT

Tathsu Istakozunun (Pontastacus leptodactylus) Celtik (Oryza sativa L.) Ile Birlikte Polikiiltiir
Yetistiriciliginde Ideal Stok Oranlarinin Belirlenmesi Uzerine Bir Arastirma

A Study on Determining the Ideal Stock Density of Freshwater Crayfish (Pontastacus
leptodactylus) in Polyculture with Rice (Oryza sativa L.)

Selcuk BERBER, Semih KALE, Musa BULUT, Bahri IZCI

Determination of Co-infection in Diseased Seven khramulya (Capoeta capoeta)
Hasta Siraz Baliklarmda (Capoeta capoeta) Gériilen Ko-Enfeksiyonun Tanimlanmasi
Tulay AKAYLI, Cigdem URKU, Erol Rustu BOZKURT

KISA NOT - SHORT COMMUNICATION

An Investigation on the Determination of Diurnal and Ontogenetic Variations of Essential Oil
Composition in Sideritis trojana Growing in Kazdag: (Edremit-Balikesir)

Kazdaglarr’nda (Edremit-Balikesir) Yayilis Goésteren Sideritis trojana Tiiriiniin Ucucu Yag Orani
ve Bilesenlerinin Diurnal ve Ontogenetik Varyasyonunun Belirlenmesi Uzerine Bir Aragtirma
Cenk PASA, Selami SELVI, Ziilleyha OZER, Turgut KILIC

KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

TARIM ve DOGA DERGISI

896-904

905-915

916-921

922-927

928-934

935-941

942-947

948-952

953-964

965-971

972-975

Cilt-Volume 22 Say1-Number 6 Yil-Year 2019



Prof.Dr. Funda ERYILMAZ ACIKGOZ
Prof.Dr. Ibrahim AKINCI

Prof. Dr. Sermin AKINCI

Prof. Dr. Stileyman AKHAN
Dog.Dr. Husnti AKTAS

Prof. Dr. Vahdettin ALTUNOK
Prof.Dr. Ebubekir ALTUNTAS
Dog.Dr. Serife Evrim ARICI
Do¢.Dr. Selcuk ARSLAN
Do¢.Dr. Selcuk ARSLAN
Prof.Dr. Mahmut Murat ASLAN
Prof.Dr. Atilgan ATILGAN
Dog¢.Dr. Tugay AYASAN

Dog¢.Dr. Ali AYBEK

Dog¢.Dr. Ali AYBEK

Dr. Ogr.Uyesi Fatmagiin AYDIN
Do¢.Dr. Mehmet Firat BARAN
Prof.Dr. Aysegiil BILDIK
Dr.Ogr.Uyesi Sedat BOYACI
Dog¢.Dr. Ugur CAKILCIOGLU
Prof.Dr. Hiiseyin CELIK

Prof. Dr. Semra DEMIR
Prof.Dr. Khalid JAVED

Prof.Dr. Ismail KARACA

Dr. Ogr.Uyesi Volkan KARACAOGLAN
Dog.Dr. Ulkit KARAMAN
Doc¢.Dr. Omer KONUSKAN
Prof.Dr. Yavuz Biilent KOSE
Dr. Ogr.Uyesi Canan KUZUCU
Do¢.Dr. Yavuz MAZLUM
Do¢.Dr. Zehra T. MURATHAN
Prof.Dr. Ayten NAMLI

Prof.Dr. Nuh OCAK

Dr. Ogr. Uyesi Mikail OZCAN
Prof.Dr.Sakine OZPINAR
Dr.Ogr.Uyesi Sedat PER
Dog.Dr. Ozgiir SAGLAM
Dog¢.Dr. Tamer SERMENLI
Prof.Dr. Osman SEYYAR
Prof.Dr. Ahmet SAHIN

Dr. Ogr. Uyesi Kasim TAKIM
Prof.Dr. Aydin TOPCU

Prof.Dr. Hasan TURKEZ
Prof.Dr. NURGUL F. TUREMIS
Dog¢.Dr. Osman UCUNCU
Do¢.Dr. Ayse Sahin YAGLIOGLU
Prof.Dr. Halit YETISIR

Prof. Dr. Ugur ZULKADIR

Soyada gore siralanmagtar.

Cilt-Volume 22

KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

TARIM ve DOGA DERGISI

HAKEMLER/Referees”

Tekirdag NKU Teknik Bil. MYO Tekirdag

Akdeniz Univ. Ziraat Fak. Tarim Mak. ve Teknolojileri Miih. Bél. Antalya
KSU Ziraat Fak. Bahce Bitkileri Bsl. Kahramanmarag

Akdeniz Univ. Su Urtnleri Fak. Su Uriinleri Yetistiriciligi Bol. Antalya
Mardin Artuklu Univ. Kiziltepe MYO Mardin

Selcuk Univ. Veteriner Fak. Temel Bilimler Bsl. Konya

Tokat Gaziosmanpaga Univ. Ziraat Fak. Biyosistem Miih. Bsl. Tokat
Isparta Uygulamali Bil. Univ. Ziraat Fak. Bitki Koruma BGl. Isparta
Bursa Uludag Univ. Ziraat Fak. Biyosistem Miihendisligi Bél. Bursa
Bursa Uludag Univ. Ziraat Fak. Biyosistem Miihendisligi Bsl. Bursa
KSU Ziraat Fak. Bitki Koruma Bol. Kahramanmaras

Isparta Uygulamali Bilimler Univ. Ziraat Fak. Isparta

Osmaniye Korkut Ata Univ. Kadirli Uygulamali Bilimler YO Osmaniye
KSU Ziraat Fak. Biyosistem Mithendisligi B6l. Kahramanmarag

KSU Ziraat Fak. Biyosistem Mithendisligi Bsl. Kahramanmaras
Cukurova Univ. Yumurtalik MYO Su Uriinleri Bsl. Adana

Siirt Univ. Ziraat Fak. Biyosistem Miihendisligi Bsl. Siirt

Aydin Adnan Menderes Univ. Veteriner Fak. Temel Bilimleri Bsl. Aydin
Kirgehir Ahi Evran Univ. Ziraat Fak. Biyosistem Miih. Bsl. Kirsehir
Munzur Univ. Tunceli MYO Kimya ve Kimyasal Isleme Tek. Bol. Tunceli
Ondokuz Mayis Univ. Ziraat Fak. Bahge Bitkileri Bél. Samsun

Van Yiiziincii Y1l Univ. Ziraat Fak. Bitki Koruma Bél. Van

University of Veterinary and Animal Sciences, Lahor-PAKISTAN

Isparta Uygulamal Bilimler Univ. Ziraat Fak. Bitki Koruma Bél. Isparta
Zonguldak Biilent Ecevit Univ. Eczacihk Fak. Eczacilik Meslek Bil. Bsl. Zonguldak
Ordu Univ. Tip Fak. Temel Tip Bilimleri Bsl. Ordu

Hatay Mustafa Kemal Univ. Ziraat Fak. Tarla Bitkileri Bol. Hatay
Anadolu Univ. Eczacilik Fak. Temel Eczacilik Bilimleri Bsl. Eskigehir
COMU Ziraat Fak. Bahce Bitkileri Bél. Canakkale

Iskenderun Teknik Univ. Deniz Bilimleri ve Teknolojisi Fak. Iskenderun
Malatya Turgut Ozal Univ. Battalgazi MYO Malatya

Ankara Univ. Ziraat Fak. Toprak Bilimi ve Bitki Besleme Bél. Ankara
Ondokuz Mayis Univ. Ziraat Fak. Zootekni B6l. Samsun

KSU Ziraat Fak. Su Uriinleri Bél. Kahramanmaras

COMU Ziraat Fak. Tarim Makineleri ve Teknolojileri Mith. Bél. Canakkale
Kayseri Erciyes Univ. Mustafa Cikrikcioglu MYO Kayseri

Tekirdag Namik Kemal Univ. Ziraat Fak. Bitki Koruma Bél. Tekirdag
Hatay Mustafa Kemal Univ. Ziraat Fak. Bahce Bitkileri Bsl. Hatay
Nigde Omer Halisdemir Univ. Fen-Edebiyat Fak. Biyoloji Bsl. Nigde
Kirgehir Ahi Evran Univ. Ziraat Fak. Zootekni Bél. Kirgehir

Harran Univ. Veteriner Fak. Temel Bilimler Bél. Sanhurfa

Nigde Omer Halisdemir Univ. Fen-Edebiyat Fak. Biyoloji Bsl. Nigde
Erzurum Teknik Univ. Fen Fak. Molekiiler Biyoloji ve Genetik B5l. Erzurum
Cukurova Univ. Ziraat Fak. Bahce Bitkileri Bsl. Adana

Karadeniz Teknik Univ. Magcka MYO Cida Isleme Bol. Trabzon

Cankin Karatekin Univ. Fen Fak. Kimya Bél. Cankir

Erciyes Univ. Seyrani Ziraat Fak. Bahce Bitkileri Bsl. Kayseri

Konya Selcuk Univ. Ziraat Fak. Zootekni Bsl. Konya

Yil-Year 20 1 9

Say1-Number 6


https://www.researchgate.net/institution/University_of_Veterinary_and_Animal_Sciences

#“"‘ﬁ

KSU Tarim ve Doga Derg 22(6): 823-829, 2019
KSU J. Agric Nat 22(6): 823-829, 2019
DOI:10.18016/ksutarimdoga.vi.532643

N

b))

Baz1 Ahududu Cegitlerinin Yozgat Ekolojisinde Adaptasyon Yeteneklerinin Belirlenmesi

Giilden BALCI {9, Hakan KELES2"

12Yozgat Bozok Universitesi, Ziraat Fakiltesi, Bahce Bitkileri Béliimii, 66200, Yozgat/Merkez
thttps://orcid.org/0000-0001-7108-4887, 2https://orcid.org/0000-0002-8225-931X

P4 hakan.keles@bozok.edu.tr

OZET Aragtirma Makalesi

Bu calisma 2017-2018 yillarinda Heritage, Aksu Kirmizisi, Hollanda

Boduru ve Ruby ahududu cgesitlerinin Yozgat ekolojik kogullarina Makale Tarihgesi

adaptasyon yeteneklerinin belirlenmesi amaciyla yuratilmiustir. Gelig Tarihi  :26.02.2019
Kabul Tarihi :16.05.2019

Cesitlerin performanslar: fenolojik gozlemler, bitkisel 6zellikler ve
bazi1 meyve kalite kriterleri incelenerek degerlendirilmigtir. Stirgiin

bagsina verim bakimindan Heritage cesidi her iki yil ig¢in en iyi Anahtar Kelimeler

sonuclar1 (177.85 — 337.34 g adet!) vermistir. Ortalama meyve ?hududu
agirliklar1 bakimindan denemenin ilk yili istatistiki a¢idan bir fark ozl
Adaptasyon

bulunamamis ancak ikinci y1l Ruby (2.32 g) ve Aksu Pembesi (2.21 g)
ayn1 grupta yer alarak en yluksek ortalama meyve agirligina sahip
cesitler olmusglardir. Suda ¢ozliintir kuru madde, titre edilebilir asitlik
ve C vitamini bakimindan 6ne ¢ikan gesit Heritage olmustur.
Denemenin iki yilinda alinan sonuglar degerlendirildiginde istatistiki
acidan Aksu Pembesi cesidinin vejetatif biliyiime agisindan bélgeye
diger gesitlere gore daha hizli uyum sagladigi belirlenmistir. Verim ve
kalite degerleri agisindan ise Heritage ¢esidinin diger gesitlere kiyasla
istatistiki  olarak en yiksek sonuglara sahip c¢esit oldugu
belirlenmigtir.

Determination of Adaptation Capabilities of Some Raspberry Varieties in Yozgat Ecology

ABSTRACT
This study was conducted to determine the adaptation skills of
Heritage, Aksu Pembesi, Hollanda Boduru and Ruby raspberry

Research Article

Article History

varieties in Yozgat ecological conditions between 2017-2018. The Received £ 26.02.2019
performances of the varieties were evaluated by examining Accepted ©16.05.2019
phenological observations, plant characteristics and some fruit quality K d
criteria. In terms of yield per shoot, Heritage gave the best results Rey“lloor S
(177.85 —337.34 g piece) for both years. With regards to average fruit Yasp erry
weight, in the first year of experiment, there was no significant D .

Adaptation

difference, but in the second year, Ruby (2.32 g) and Aksu Pembesi
(2.21 g) have the highest average fruit weight in the same group.
When the two-year data of water-soluble dry matter, titratable acidity
and vitamin C contents were evaluated together, Heritage was the
prominent variety. When the results of two years of the experiment
were evaluated, it was determined that Aksu Pembesi has a faster
adaptation to the region than the other varieties in terms of vegetative
growth. According to the yield and quality values, it is determined that
Heritage has the highest results among the other varieties.

To Cite : Balal G, Keles H 2019. Bazi Ahududu Cesitlerinin Yozgat Ekolojisinde Adaptasyon Yeteneklerinin Belirlenmesi. KSU
Tarim ve Doga Derg 22(6): 823-829. DOI: 10.18016/ksutarimdoga.vi.532643.

GIRIS

Tirkiye’de son 30 yil igcerisinde 6nem kazanan tizimsi
meyveler i¢ ve dig ticarette siirekli talep goren ve
yiksek fiyatlara alici bulabilen meyve turleridir
(Onur, 2006). Cilek disinda kalan {iziimsii meyvelerin
ticari anlamda yetistiricilikleri elma, armut gibi
kultir bitkileri ile kiyaslandiginda oldukga yeni ve az

miktarlarda yapilan bir tarim koludur. Ancak tiztimsi
meyveler grubuna giren bir¢cok bitkinin yabani
formlarina Turkiyeni degisik yorelerinde sikca
rastlanmilmaktadir. Yabani popiilasyondaki zenginlik,
bu bitki tirine ait kultir cesitlerinin Tirkiye’'de
yetisebilecegini gostermektedir (Eyduran ve ark.,
2006).
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Uziimsii meyveler grubuna giren Ahududu (Rubus
Idaeus L.) gilgiller (Rosaceae) familyasindan, yaz ve
sonbahar mevsiminde kirmizi renkli ve
tatli meyveler veren bir bitki tirtdir. Ayrica fenoller,
flavonlar, flavonoidler, vitaminler ve antioksidanlar
bakimindan da zengindir (Kéhkoénen ve ark., 1999;
Halvorsen ve ark., 2001). Ahududular her yil diizenli
urin vermeleri ve yetistiriciliklerinin kolay olmasi,
taze tiketiminin yaninda regel, marmelat, igecek,
dondurulmusg gida ve konserve tiretimi gibi endiistriyel
urun olarak degerlendirilebilmesi ve kiigiik bahge
igsletmelerinde taze olarak satis imkéanlarinin
bulunmasi nedeniyle ¢ok 6nemli bir yere sahiptirler
(Pehluvan ve Giileryiiz, 2004).

Diinya ahududu tretimi 2016 yilinda 795.249 ton
olmustur. Bu tiretimde 164 602 ton ile Rusya ilk sirada
yer alirken ABD (137.829 t) ve Polonya (129.063 t)
Rusya’yr izlemektedir. (FAO, 2018). Tiirkiye'de ise
toplam 4.989 t ahududu tretilmekte olup Uretimin
hemen tamami Bursa ilinde yapilmaktadir (TUIK,
2018a). Amerika ve Meksika gibi 6nemli ahududu
ureticisi tlkelerin birim alandaki verimleri sirasiyla
1.572 kg da! ve 1.814 kg dal (FAO, 2018) iken
Turkiye’de bu rakamlarin 843 kg dal seviyelerinde
kalmistir. Bu durum ahududu yetistiriciliginin
modern yetistiricilik tekniklerinden uzak ve amatoér
olarak yapilmasi ile, kapama ahududu bahgelerinin
olmamasindan kaynaklanmaktadir (Ipek ve ark.,
2018). Farkl ekolojik kosullarda bitkiler farkl stres
faktorlerine  maruz  kalmakta ve  c¢esitlerin
performanslar1 degisebilmektedir (Aras ve Esitken
2018). Ahududu iiretimi ve birim alandan elde edilen
verimin artirilmasi i¢in bolgelere uygun c¢esitlerin
belirlenmesi ve bu amagla adaptasyon ¢aligmalarinin
yapilmasi gerekmektedir.

Turkiye’nin tahil ambarlarindan birisi olan Yozgat ili
tarim alanlar1 bakimindan da ulkenin 5. biiyiik tarim
alanmna sahiptir (TUIK, 2018b). Daha cok tarla
bitkileri Girtinlerinin yetistirildigi Yozgat ilinde bahge
bitkilerine ait tirlerin yetistiriciligi olduke¢a sinirhdir.
Yabani ve kiultir formlarinda bir¢ok bahge bitkisi
tirinin Yozgat ilinin geneline yayilmis halde
bulunmasi da ilin bu konudaki potansiyelini g6z 6niine
cikarmaktadir (TUIK, 2018a). Bu potansiyelin
kullanilmasi1 ve birim alandan elde edilen gelirin
yiikseltilmesi amaciyla ekonomik degeri yliksek olan

Cizelge 1. Deneme alaninin baz toprak 6zellikleri

ahududu yetigtiriciliginin  yayginlastirilmas:1  ve
adaptasyon c¢alismalarinin yapilmasi Onem arz
etmektedir.

Bu sebeple ftniversite Tarimsal Uygulama ve

Arastirma Merkezi biinyesinde bulunan Gedikhasanlh
Arastirma ve Uygulama Alaninda doért farkli ahududu
¢esidinin bolge ekolojik kosullarina adaptasyon
yetenekleri belirlenmigtir.

MATERYAL ve METOT

Bitkisel Materyal

Arastirma; TUAM (Tarimsal Uygulama Arastirma
Merkezi) kontroliinde bulunan Gedikhasanl

Uygulama ve Arastirma Alanindaki (1111 rakim, 39
35 07 kuzey ve 35 09 35 dogu) parsellerde
yuriutilmustir. Denemede kullanilan 4 ahududu
cesidinin 6zellikleri asagida verilmistir (Demirsoy ve
ark., 2006).

Ruby: Bu cesit yliksek verimli olup Haziran sonlarina
dogru ilk hasat yapilmaktadir. Diken yapisi az ve
meyvenin aromasi iyidir. Yola dayanimi orta
seviyededir.

Aksu Pembesi: Meyveleri iri, orta iri a¢ik pembe renkli
iyl aromali, hafif yuvarlak konik gekilli yola dayanimi
iyidir.

Heritage: Yiksek verimli, aromasi ve tadi iyi olan bu
¢esidin kig soguklarina karsi direnci yuksektir. Bu
gesit yillik siirgtinlerinde de meyve olusturup yilda 2
urtin vermektedir.

Hollanda Boduru: Orta verimli bir gesittir. Haritage
gibi bu cesit de yillik stirgtinleri verimli bir gesittir.
Meyvenin raf émri uzun olup meyvesi taze tiketime
ve soklamaya uygundur.

Calisma Alanina Ait Ozellikler
Toprak Ozellikleri

Denemenin yuritildigi bahgenin toprak ozellikleri
(Cizelge 1) Avanos Ziraat Odasi Baskanhgma ait
toprak analiz laboratuvarinda belirlenmistir.

iklim Ozellikleri

Deneme boyunca tespit edilen ortalama aylik sicaklik
degerleri Sekil 1 de gosterilmigtir.

Analizin Adx Birimi Yontem Sonug Aciklama

Toprak Biinyesi % Saturasyon 55 Killi-tinh

pH Saturasyon 7.94 Orta Derecede Alkalin
%Toplam Tuz % Saturasyon 0.01 Tuzsuz

Kirec (CaCOs) % Kalsimetrik 5.4 Orta Kirecli

Organik Madde % Walkey-Black 1.44 Az

Fosfor (P205) Kg da'! Olisen 1.78 Cok Az

Potasyum (K20) Kg da! A.Asetat-AAS 61.15 Yeterli
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https://tr.wikipedia.org/wiki/K%C4%B1rm%C4%B1z%C4%B1
https://tr.wikipedia.org/wiki/Meyve
https://tr.wikipedia.org/wiki/Bitki
https://tr.wikipedia.org/wiki/T%C3%BCr
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Deneme Deseni

Bu calisma, tesadif parselleri deneme desenine gore,
3 tekerrirli ve her tekerriirde 5 bitki olacak sekilde
planlanmis olup, bitkiler 1.5m sira lizeri ve 3m. sira
aras1 olacak sekilde 20 Haziran 2016 tarihinde
dikilmiglerdir. Deneme alanina 60-40-40 cm’lik
mesafelerle yerlegtirilen 3 sira telden olusan destek
sistemi 17.04.2017 tarihlerinde kurulmustur. Sulama
(damlama), ot alma, giibreleme, budama gibi islemler
diizenl olarak yapilmistir. Deneme kurulmadan énce
toprak sonbaharda strilerek, yanmis ahir giibresi ile
topraga takviye yapilmistir.

Calisma Boyunca Yapilan Gézlemler, Olgiimler ve
Analizler:

Fenolojik Analizler

Denemede gozlerin uyanmasi, dip stirgiinii ¢ikis tarihi,
ilk ciceklenme (ilk c¢icegin gorildiigii tarih), tam
ciceklenme (%70’inin actig1 désnem), meyve tutumu(ilk
meyvenin goriildiigii tarih) ve hasat tarihi (meyvelerin
hasada geldigi ilk tarih) gibi fenolojik gozlemler tespit
edilmistir (Demirsoy, 2006; Eyduran ve ark., 2006).

Bitkisel Analizler

Bitki bagina diigsen siirgiin sayis1 (adet), siirgiin
uzunlugu (cm), dijital kumpas ile siirgiin kalinlig
(mm) ve siirgiin basma verim (g/siirgiin) tespit
edilmistir (Demirsoy ve ark., 2006).

Verim ve Kalite Kriterleri
Stirgiin Basina Verim (g/siirgiin)

Her parselden elde edilen toplam Uriin miktarinin
parseldeki siirglin sayisina bodliinmesiyle hesap
edilmistir (Eroglu vd., 2006; Demirsoy ve ark., 2006).
Sadece meyve dallarinda elde edilen wriin toplam
verim olarak degerlendirilmigtir. Yillik siirgiinlerden
elde edilen meyve verimi toplam verim olarak
degerlendirilmemisgtir.

Ortalama Meyve Agirlig1 (g)

10 adet meyvenin agirligi alinarak tespit edilmigtir.
Veriler 3 tekerriirlu olarak belirlenmis toplamda her
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cesit icin 30" ar adet meyve kullamilmistir (Goktasg ve
ark., 2009).

Suda Coziinebilir Kuru Madde (%)

Hasadin bagindan sonuna kadar 3 kez her parselden
alinacak olgun meyveden elde edilen meyve suyunda
dijital refraktometre ile okunarak saptanmistir (Kilig
ve ark., 1991; Eyduran ve ark., 2006).

Titre Edilebilir Asit (%)

Hasadin basindan sonuna kadar farkli dénemlerde 3
kez her parselden alinacak olgun meyvelerin sikilmasi
ile elde edilen 5 ml meyve suyunda titrasyon asitligi
yontemi ile belirlenmistir (Kili¢ ve ark., 1991; Eroglu
ve ark., 20086).

C Vitamini Icerigi (mg 100ml-1)
Denemenin her iki yilinda hasadin basindan sonuna
kadar 3 kez alinan meyve ornekleri

spektrofotometrede okunarak C vitamini
belirlenmistir (Kilic ve ark., 1991).

Istatistiksel Analizler

Aragtirma suresince elde edilen tum verilerin
ortalamalarinin hesaplanmasinda ve grafiklerinin
¢izilmesinde “Microsoft EXCEL” programi kullanilmasg,
istatistiki analizler SPSS 20.0 (SAS Inc.) paket
programinda degerlendirilmistir. Istatistiksel analiz
sonucunda farklilik gésteren ortalamalar arasindaki
farklihigin belirlenmesinde aymi paket programi
kullanilarak Duncan ¢oklu karsilagtirma testi
(Duncan Multiple Range Test) uygulanmigtir.
Sonuglarin, istatistiksel degerlendirilmesinde farklar
arasindaki 6nemlilik diizeyi 0.05 olarak belirlenmisgtir.

BULGULAR ve TARTISMA
Fenolojik Gozlemler

Denemenin ilk yilinda Ruby ilk ¢iceklenen ahududu
cesidi olurken (23.05.2017) en gec ciceklenen cesit
Hollanda Boduru (15.06.2017) olmustur. Genel de
gesitlerin mayisin son haftasi ve haziran ortasinda
ciceklendigi gorilmustir. Ilk hasada gelen cesit
Heritage (10.07.2017) olurken en ge¢ hasat
olgunluguna gelen cesit Hollanda Boduru (20.07.2017)
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olmustur (Cizelge 2). 2018 yilina bakildiginda da ilk
ciceklenen cesit Ruby olurken (08.03.2018) en gec
ciceklenen cesit Hollanda Boduru (28.05.2018)
olmustur (Cizelge2). Denemenin ikinci yilinda hasat
olgunluguna gelen ilk ¢esit Heritage olurken
(13.06.2018) en ge¢ hasat olgunluguna Hollanda
Boduru (07.07.2018) gelmistir (Cizelge2). Ikinci yilda
bitin  ¢esitler yaklagitk 15-20 gin  erken
cigeklenmistir. Bunun nedeni 2018 yili ortalama
sicaklik degerlerinin tiim tlkede oldugu gibi Yozgat
ilinde de 2017 yili degerlerine gére ylksek seyretmesi
olarak aciklanabilir (Sekil 1). Demirsoy ve ark. (2006)’
nmn Samsun ekolojisinde yaptiklari ahududu
adaptasyon caligmasina goére, Yozgat kosullarinda
Heritage ¢esidi ayni zamanlarda ciceklenirken diger
cesitlerin ¢igeklenme tarihleri yaklagik 1 ay daha geg

gerceklestigi saptanmistir. Dolayisiyla Heritage
disinda kalan diger c¢esitler Yozgat ekolojik
kogullarinda Samsun ekolojik kosullarina gore

yaklasik 1 ay daha ge¢ hasada gelmigtir. Bu denemede
ciceklenme tarihi diger cegitlere gore daha ge¢ olan
Hollanda Boduru cesidi, Tiiremis ve ark. (2006) nin

calismasinda en erken ciceklenen cesit olmustur. Yine
ayni ¢alismada mayis ayinin son haftasinda hasada
gelen Heritage c¢esidi yapilan c¢alismada temmuz
aymmin son haftasinda hasat olumuna gelmigtir.
Ankara kogullarinda yapilan ahududu adaptasyonu
¢alismasinda ise bu g¢alismada kullanilan gesitler
Yozgat ekolojisi ile kiyaslandiginda 15 giin erken
¢igeklenmeye baglamig ve dolayisiyla 15 giin 6nce
hasada gelmistir (Eydural ve ark., 2006). Calismanin
sonuglar1 yapilmis diger adaptasyon c¢alismalar: ile
benzerlik gostermekle birlikte Yozgat kosgullarinda
¢igeklenme ve hasat tarihleri gibi fenolojik verilerin
Adana, Samsun ve Ankara illerine gére daha geg
olmas1 ortalama sicaklik verilerinin Yozgat ilinde
diger illere kiyasla daha dusik olmasindan
kaynaklandigini distindirmektedir. Fenolojik
gozlemler ekoloji ve cesit gibi faktorlerden etkilenerek
bolgelere gore farklilik gosterebilmektedir (Agaoglu ve
ark., 1997). Tiremis ve ark. (2006) Adana kosullarinda
derim siiresinin uzun, uyanma ve hasada gelme
tarihlerinin ise erken olmasini iklim kosullarinin sicak
olmasindan kaynaklandigin bildirmislerdir.

Adana’da yaptiklar: ahududu adaptasyon
Cizelge 2. Yozgat kosullarinda denemeye alinan ahududu cesitlerinde 2017-2018 yillarina ait bazi fenolojik
gozlemler . .
. Gozlerin Dip  strgiin Ik Tam Tk Meyve o
CESIT belirginlesmesi  c¢ikig1 gigeklenme gigeklenme tutumu Hasat tarihi
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
Ruby 18.04 11.04 18.04 10.04 23.05 08.05 30.05 26.05 28.05 17.05 12.07 17.06
é(ljslli)esi 18.04 18.04 18.04 15.04 25.05 11.05 01.06 19.05 30.05 18.05 15.07 26.06
Heritage 18.04 11.04 18.04 05.03 10.06 20.05 18.06 04.06 15.06 27.05 10.07 13.06
Hollanda 1504 1704 2504 0504 15.06 2805 21.06 12.06 10.06 09.06 20.07 07.07
Boduru
Bitkisel Ozellikler da Aksu Pembesi en uzun siirgiinlere (90.10 cm ve

Bu c¢alismada yillar arasinda bitkisel ozellikler
karsilastirildiginda farkli sonuglar gorilebilmektedir

(Cizelge 3).

2017 yilinda cesitler arasinda bitki bagina ortalama
strgin sayilar: incelendiginde en fazla siirgiin veren
¢esidin 10.25 adet ile Hollanda Boduru oldugu, en az
slirglin veren ¢esidin ise 2.58 adet ile Heritage ¢esidi
oldugu belirlenmistir. 2018 yilinda ise en fazla stirgiin
Ruby (19.33 adet) cesidinden, en az stirgiin 2017
yilinda oldugu gibi Heritage cesidinden (11.13 adet)
alinmigtir. Yozgat ekolojisine yakin 6zellikler gésteren
Ayas (Ankara) ekolojik kosullarinda, Eyduran ve ark.,
(2006) nin yiiriitmiis olduklar: denemede ilk sene en
yiksek siirgiin sayis1 Hollanda Boduru cgesidinden
(22.2 adet) en diisiik siirgiin say1s1 Heritage cesidinden
(15.2 adet) ikinci sene ise en yiiksek siirgiin sayisi
Ruby ve Aksu Pembesi cesitlerinden (sirasiyla 20.8 ve
20.3 adet) elde edilirken en az siirgiin sayis1 Heritage
cesidinden (18.3 adet) elde edilmis ve bu deneme
benzer sonuglar alindig bildirilmigtir.

Strgin uzunlugu bakimindan denemenin iki yilinda

98.12 cm) sahip olmustur. Hollanda Boduru cesidi ise
iki yilda da en kisa siirgiinlere sahip c¢esit olmustur.
(60 cm ve 68.41 cm). Ruby cesidi ise Aksu Pembesi’
nden sonra en uzun surginlere sahip cesit olmustur.
Ayas (Ankara) ve Samsun ekolojik kosullarinda
yuritilen adaptasyon ¢aligmalarinda sirasiyla Aksu
Pembesi ve Ruby cesitleri en uzun siirglinlere sahip
cesitler olmuslardir (Demirsoy ve ark., 2006; Eyduran
ve ark., 2006). Bu calismalarda en kisa siirgiin
uzunluguna sahip cesitler ise sirasiyla Heritage ve
Hollanda Boduru olmustur. Elde edilen bu sonuclar
Yozgat iline yakin Ankara ve Samsun illerinde
yapilmis ¢alismalar ile benzerlik géstermistir.

Sturgiin kalinliklar ile ilgili sonuglar incelendiginde bu
calismada her iki yilda da en iyi gelisim gosteren
gesitler Aksu Pembesi ve Ruby olmustur. Eyduran ve
ark. (2006)’ 1n Ankara ekolojik kosullarinda yaptiklar:
calismada en kalin slrglnlere sahip c¢esit Ruby
olurken, Demirsoy ve ark. (2006) nin Samsun
kogullarinda yaptiklar: ¢alismada Heritage en kalin
stirglinlere sahip ¢esit olmustur. Her iki ¢aligmada da
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en ince slrgiunler Hollanda Boduru cesidinden elde
edilmistir. Eroglu ve Gercekcioglu (2006 nun
yaptiklar1 ¢alismada da benzer sonuglar alinmais,
stirgiin kalinligi en disik olan cesidin Hollanda
Boduru oldugu bildirilmistir.

Ahududu ¢esitlerinin 2017 y1li siirgiin basina verimleri
incelendiginde Heritage 177.85 g ile siirgiin basina
verim bakimindan en iyl sonu¢ veren cesit olurken
sirglin basina en disik verim Aksu Pembesi ile
Hollanda Boduru cesitlerinden elde edilmistir (Cizelge
3). 2018 yilinda ise yine siirgiin basina en yiiksek
verim Heritage cesidinden (337.34 g) elde edilirken en

diisiik verim Hollanda Boduru cesidinden (98.29 g)
elde dilmistir. Demirsoy ve ark. (2006) Samsun’da
yaptiklari ahududu adaptasyon c¢alismasinda en
yiksek verimi Heritage cesidinden alirken en disuk
verimi Aksu Pembesi’ nden elde edilmistir. Adana
kogullarinda  yuritilen  ahududu  adaptasyon
¢alismasinda siirgiin bagina verim bakimindan en iyi
sonucu Heritage gesidi verirken verimi en diisiik gesit
Ruby olarak belirlenmistir (Tiiremis ve ark., 2006).
Ankara kogullarinda yapilan adaptasyon ¢alismasinda
ise stirgiin basina en yiuksek verim Aksu Pembesi nden
elde edilirken en dugiik verim Ruby ¢esidinden elde
edilmistir (Eyduran ve ark., 2006).

Cizelge 3. Yozgat kogullarinda denemeye alinan ahududu cesitlerinde 2017-2018 yillarina ait bazi bitkisel

ozellikler

Strgin sayis: bitki?

Stirglin bagina verim

CESIT (adet) Siirgiin uzunlugu (cm)  Siirgiin Kalinhigi (mm) (g adet)

2017 2018 2017 2018 2017 2018 2017 2018
Ruby 3.64c* 19.33a 90.00a 96.64b 8.10a 8.39a 123.18b 152.18b
Aksu . 4.53b 15.20b 90.10a 98.12a 8.12a 8.32a 115.72¢ 131.73c
Pembesi
Heritage 2.58d 11.13d 70.01b 79.38¢c 7.00b 6.99b 177.85a 337.34a
Hollanda )05 1373 60.00c  68.41d 5.00c 5.62¢ 114.51c 98.29d
Boduru

*Ayni stitunda farkl harflerle ifade edilen ortalamalar arasinda %5 dizeyinde farklilhik vardir

Cesit 6zelliklerine de bagli olmakla birlikte strgiin
sayisi, boyu ve bitki verimi gibi bitkisel 6zellikler
ekolojik kosullara gore degiskenlik gosterebilmektedir
(Hall, 1990). Heritage ve Hollanda Boduru cesitleri
hem meyve dallar1 hem de yillhik siirgtinleri verimli
cesitlerdir. Ancak yillik siirgiinlerden alinan verim
sonbahar déonemine denk gelmektedir. Yozgat ekolojik
kogullarinda bu dénemde alinan verim ve meyve
kalitesi istenilen diizeyde olmamaktadir. Bu sebeple
bu c¢alismada sadece meyve dallarindan alinan
verimler kargilagtirlmistir. Ozellikle bitki biiyiime ve
gelisiminde sicaklik énemli etkenlerden birisidir (
Porter ve Moot, 1998). Bitkisel 6zellikler konusunda
elde edilen sonuglarin yapilmis calismalar ile
benzerlik géstermig olmasi yaninda var olan rakamsal
farkliliklar boélgeler arasinda mevcut ekolojik
farklardan meydana gelmis oldugu 6ngoriillmektedir.

Pomolojik Ozellikler

Denemede meyveler i¢cin 6nemli kalite kriterleri olan
SCKM, titre edilebilir asitlik, C vitamini degerleri ve
cesitlerin ortalama meyve agirliklar1 gibi bazi
pomolojik 6zellikler incelenmigtir.

Buyik bir kismi1 gekerlerden olusan SCKM,
meyvelerin kalitelerini belirleyen 6nemli faktérlerden
birisidir (Karacali, 1990; Cemeroglu, 1992). Bu
calismada incelenen cesitlere ait SCKM icerikleri
Cizelge 4’ de verilmigtir. En yiksek SCKM igerigine
sahip cesitler sirasiyla ilk y1l Aksu Pembesi (%15.70),
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ikinci yil ise Ruby (%14.90) olmustur. Yapilmig
calismalar incelendiginde, Samsun ekolojik
kogullarinda Heritage ¢esidi en yiksek SCKM
degerine (%10.8) sahip olurken (Demirsoy ve ark.,
2006), Adana kosullarinda Hollanda Boduru %7.4 ve
Heritage c¢esidinin %6 SCKM degerine sahip oldugu
belirlenmistir (Ti{iremis ve ark., 2006). Ankara
kogullarinda yapilmis calismada 12 ahududu cesidi
kullanilmis bu ¢alismada da yer alan gesitler arasinda
olan Heritage cesidi (%20.22) en yiiksek SCKM
icerigini vermistir (Eyduran ve ark., 2006). Yine Tokat
ekolojik kosullarinda yapilan bir ¢alismada Heritage
gesidinin  %10.06 SCKM igerigine sahip oldugu
bildirilmistir (Eroglu ve Gercekcioglu, 2006).

Kaliteyi belirleyen diger bir faktor ise meyvelerin asit
icerikleridir (Moretti ve ark., 1998; Koc ve ark., 2015).
Cesitlerin “Titre Edilebilir Asit” igerikleri Cizelge 4’ de
verilmigtir. Denemenin ilk yilinda en yuksek titre
edilebilir asit icerigine sahip cesit Aksu Pembesi
(%1.54) olurken 2018 yilinda en yiiksek degere sahip
cesit Heritage (%2.74) olmustur. Tiremis ve ark.
(2006) yatiklari calismalarinda Adana kosullarinda
Hollanda Boduru’ nun %1.58 ve Heritage c¢esidinin %
0.96 asitlik degerine sahip olduklarini bildirmiglerdir.

Vitamin C bitkilerde biiyimeyi diizenleyici olarak
gorev yapmakla birlikte o6nemli bir antioksidan
kaynagidir (Garg ve ark., 1972). Ahududular iyi bir C
Vitamini kaynagidirlar. Taze ahududu meyvelerinin
yaklasik olarak 5-40 mg 100 gl arasinda C Vitamini
icerdikleri belirtilmektedir (Skrovankova ve ark.,
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2015). Vitamin igerikleri bakimindan cilek ve
bogurtlen meyveleriyle benzerlik gostermektedirler
(De Ancos ve ark., 2000; Benvenuti ve ark., 2004). Bu
calismada yillar arasinda farklar tespit edilmis
(Cizelge 4) ilk y1l verilerinde en yiiksek C Vitamini
icerigi Heritage cesidinde (65.23 mg 100 g)
belirlenirken denemenin ikinci yilinda en yiiksek C
Vitamini igerigi 6nceki yil en dusiik icerige sahip
oldugu belirlenen Aksu Pembesi cesidinde (57.28 mg
100g?) tespit edilmistir. Ancos ve ark. (2000),
yaptiklari bir calismada ahududu cgesitlerinin C
Vitamini iceriginin 22.10-31.20 mg 100g?! arasinda
degistigini bildirmiglerdir. Bu ¢alismada belirlenen C
Vitamini i¢eriklerinin literatiire nazaran biraz daha
yiksek olmasinin nedeninin ekolojinin farklilig:
oldugunu dusinmekteyiz. Bitkiler stres kosullar:
altindayken toksik etki yapan radikallere karsi
askorbik asit (C Vitamini), E Vitamini, glutatiyon gibi
antioksidan maddeleri kullanirlar ve biinyelerinde
artirirlar (Cakmak ve Marschner, 1992). Karasal iklim
kosullarina sahip Yozgat ilinde bitkiler soguk stresine
maruz kalabilmekte ve bu nedenle biinyelerinde bazi
maddeleri daha fazla sentezleyebilmektedirler. Bu
calismada 2017 verilerinin 2018 verilerine oranla daha
yiksek ¢ikmis olmasi bu gekilde agiklanabilir.

Cesitlerin sahip olduklari meyve agirliklar: bitkilerin
verim ve Kkalite Kkriterleri arasinda bulunan ve
adaptasyon c¢alismalarinda genellikle incelenen
onemli 6zelliklerden birisidir (Eroglu ve Gergekcioglu,
2006; Eyduran ve ark., 2006; Goktas ve ark., 2009).
Yapilan c¢alisgmada g¢esitlerin meyve agirliklar
arasinda ilk yil verileri agisindan istatistiki bir fark
bulunamamigtir. Denemenin ikinci yilinda sonuglar
arasinda istatistiki farklar belirlenmis ayni gruba
giren Ruby ve Aksu Pembesi en yiksek ortalama
meyve agirh@ina (2.32 g ve 2.21 g) sahip cesitler
olmuslardir. Goktas ve ark. (2009), Egirdir yéresinde
12 farkli ahududu ¢esidinin adaptasyon yeteneklerini
belirlemigler ve bu c¢alismada en yiiksek ortalama

meyve agirligini  Tulameen cesidinde (3.19 g)
belirlemiglerdir. Bu ¢alismada Ruby, Hollanda
Boduru, Aksu Pembesi ve Heritage c¢esitleri de

incelenmig iki yil stiren ¢alismada ortalama meyve
agirhiklar sirasiyla 1,87 g, 1,85 g, 1,84 g ve 1.52 ¢
olarak tespit edilmistir. Yozgat ili ile benzer ekolojik
ozelliklere sahip Ankara (Ayasg) ilinde yapilmig bir
calismada ise Heritage, Aksu Pembesi, Hollanda
Boduru ve Ruby c¢esitlerinin ortalama meyve
agirliklar1 sirasiyla 1.81g, 1.79 g, 1.65 g ve 1.44 ¢
olarak tespit edilmistir (Eyduran ve ark., 2006).

Cizelge 4. Yozgat kosullarinda denemeye alinan ahududu cesitlerinde 2017-2018 yillarina ait bazi pomolojik

ozellikler
. Ortalama Meyve . o/ A e C Vitamini (mg 100g"
CESIT el SCKM (%) o Asitlik 5
2017 2018 2017 2018 2017 2018 2017 2018

Ruby 2.116d 2.32a 13.40c 14.90a 1.06¢c 2.39b 57.84b 39.92d
Aksu Pembesi 2.01 2.21a 15.70a 13.60b 1.54a 1.75¢ 25.48¢c 57.28a
Heritage 2.05 1.46¢ 15.10ab 13.40b 1.24ab 2.74a 65.23a 43.03b
Hollanda 2.23 1.79b 13.60c 10.10c  1.43a 2.29b  60.26b 40.52¢
Boduru

*Ayni stitunda farkl harflerle ifade edilen ortalamalar arasinda %5 diizeyinde farklihik vardir

SONUC

Son zamanlarda gida sanayisinde gorilen buylk
gelismeler her tiirlii meyve sebzenin degerlendirilmesi
ve muhafazasina imkan saglamaktadir. Gida
sanayisinde olduk¢a yogun kullanilan {zimsi
meyveler 6zellikle recel, marmelat ve pasta yapiminda
kullanilmaktadir. Son yillarda yapilan calismalara
gore lizlimsi meyveler insan sagligi agisindan bliyuk
6nem tasimaktadir. Bu nedenlerle oOnumiuzdeki
yillarda tizimst meyvelere talebin daha ¢ok artmasi
beklenmektedir.

Yapilan bu c¢alisma ile Yozgat iline uygun ahududu
cesitlerinin belirlenmesi amaglanmigtir. Denemenin
sonuglar1 incelendiginde Hollanda boduru disinda
kalan diger ahududu cesitlerinin yoreye uyum
saglayabildikleri gérulmustiir. Ancak istatistiki olarak
degerlendirilen veriler 1s18inda vejetatif biiylime
konusunda birbirine yakin 6zellikler gosteren Aksu
Pembesi ve Ruby cesitlerinin bélgeye daha hizli uyum

sagladig1 belirlenmistir. Stirgiin bagina meyve verimi
degerleri bakimindan c¢alisma sonucunda Heritage
¢esidinin en 1yl sonucglara sahip g¢esit oldugu tespit
edilmistir. Hollanda Boduru hem vejetatif gelisim hem
de verim olarak diger ¢esitlere kiyasla en zayif geligsim
gosteren ¢esit olmustur. Yore de planlanacak ahududu
yetigtiriciligi projelerinde, bu c¢alismada adaptasyon
yeteneklerinin  belirlenmeye calisildign  gesitler
arasindan Heritage ¢esidinin pomolojik 6zelliklerin
blitini ve siirgiin basina verim kriterleri dikkate
alindiginda  o6ncelikli  olarak  degerlendirilmesi
onerilmektedir.
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ABSTRACT

Apple is a self-incompatible fruit that is completely pollinated by cross
pollination. Honey- bees are particularly effective in cross pollination.
The aim of this study was to investigate the effect of pollination of
apple by honey bees on the fruit yield, average number of seeds and
germination capacity of the seeds. We observed that the average
number of flowers in apple branches open to pollination ranged from
10.18 £ 0.53 to 278.43 + 0.73 while the average number of flowers in
apple branches close to pollination was between 8.07 + 1.19 and 127.05
+ .057. The average duration of bee stay on apple flowers open to
pollination was in the range of 3.66 = 0.09 to 8.64 + 0.07 seconds. The
total number of fruits on the branches that were open to pollination
was higher than those of close to pollination. Likewise, the average
number of seeds on the branches open to pollination was higher than
those of closed to pollination. We also observed that the average
germination of seeds obtained from branches open to pollination was
higher than the those of close to pollination.
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Elma (Malus sylvestris (L) Mill) Polinasyonunda Bal Arsi Kullammimn Meyve Verimi,
Tohum Sayis1 ve Tohum Cimlenme Kapasitesi Uzerine Etkisinin Aragtirilmasi

OZET

Elma kendine uyusmazlik sergileyen ve tamamen c¢apraz tozlagma ile
tozlagan bir meyvedir. Bal arilar1 6zellikle ¢apraz tozlamada etkin bir
sekilde gorev almaktadir. Bu ¢alismanin amaci elma da bal aris1 ile
polinasyonun meyve verimi, ortalama tohum sayis1 ve olusan
tohumlarin ¢imlenme kapasiteleri tizerine etkisinin arastirilmigtir.
Calisma sonucunda; polinasyona a¢ik elma dallarinda ki ortalama
cicek sayisinin 10.18+0.53 1ile 278.43+0.73 arasinda degistigi,
polinasyona kapali elma dallarinda ki ortalama c¢igek sayisinin
8.07+1.19 ile 127.05+.057 araliginda oldugu, polinasyona agik elma
dallarinda ki arinin bir ¢icekte ortalama kalma siiresinin 3.66+0.09
saniye ile 8.64+0.07 saniye araliginda oldugu tespit edilmigtir.
Polinasyona acgik ve kapali elma dallarinda ki meyve sayilar:
karsilagtirildiginda; polinasyona ac¢ik dallarda ki toplam meyve
sayisinin daha fazla oldugu, polinasyona ac¢ik dallarda ki ortalama
tohum sayis1 ile polinasyona kapali dallarda ki ortalama tohum
sayillar1 karsilagtirildiginda; polinasyona agik dallarda ki tohum
sayisinin ortalamasinin polinasyona kapali dallarda ki tohum sayisi
ortalamasindan daha fazla oldugu belirlenmistir. Polinasyona acik
dallardan elde edilen tohumlarin ortalama c¢imlenme miktarinin,
polinasyona kapali elma dallarindan elde edilen tohumlarin ortalama
¢imlenme miktarindan daha fazla oldugu gozlenmistir.
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INTRODUCTION

Apple (Malus sylvestris (L.) Mill.) is a pome fruit that
is cultivated in many parts of the world because it is
well adapted to different climate characteristics
(Pereira-Lorenzo et al., 2009). All of the culture plants
produce flower and seeds for their reproduction.
Therefore, they need mostly foreign pollination to
increase product quality and quantity. Honey bee is
the best pollinator to perform foreign pollination.
Honey bees need nectar and pollen to survive. They
visit flowers to collect nectar and pollen that they
necessitate. That way they carry out the pollination of
many plant species which are became the nutrition of
humans. In the absence of adequate pollination, seed
production may not occur, and even if seed production
occurs the end-products may have deformities due to
poor development. As a result, the product value of
fruits and vegetables decreases. Germination and
growth characteristics of the seeds without pollination
may not be at the desired level (Dogaroglu, 1985;
Kumova and Korkmaz, 1998; Korkmaz and Aydin,
1999). In pollination, insects, especially bees, have a
very important role (Kumova and Korkmaz, 1998).
Honey bees are active pollinators because they visit
flowers of many plant species, move fast, and carry
much pollen to the stigma of flowers. Honey bees are
preferred as pollinators because they are easily
replicated and transported, they are active except
rainy, windy and very cold days and they are resistant
against pesticides compared to other bees (Blanchet et
al., 1991). The contribution of honey bees to the
economy as pollinators is much greater than their
contribution as honey and wax producers. Apple is a
self-incompatible fruit that is completely pollinated by
cross pollination. Honey bees are particularly effective
in cross pollination (Stern et al., 2007). Apiculture is
an important agrarian activity which contributes to
the protection and development of environment,
agriculture and forest products. The contribution of
apiculture to crop production by pollination is 143
times higher than the sum of income from honey and
wax production (Sirali, 2003). The value of product
obtained from the pollination is 50 times greater than
that of honey produced annually (Crane, 1975).
Although wind is considered as a pollinator, it is
insufficient for pollination for many plants due to none
consistence in pollination. Flowers need bees for
pollination and bees need flowers to feed themselves
(McGregor, 1976; Free, 1993). The most important
factor for increasing productivity in crop production is
an efficient pollination. The efficiency and continuity
of many plant populations depends on seed production
due to sufficient pollination (Korkmaz and Aydin,
1999). The effect of pollination and fertilization on
increasing fruit yield and enhancing quality is
essential. Bees play an important role in pollination.
To provide proper pollination conditions, it is
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recommended to place 2 - 5 hives in 1 hectare garden
area. Placing an appropriate number of bee-hives in
orchards will ensure that the pollination conditions are
kept at an optimum level (Soylu, 2003). Turkey has a
great potential for fruit production and beekeeping.
Turkey, having four climates and a rich flora of plants
also makes this country has to have a wide genetic
variation of bee races. Those factors create a suitable
environment for beekeepers-fruit cultivation. Honey
bees are an indispensable element of agriculture and
must be used in pollination. This will in order to
increase the quality and quantity in of agriculture
agricultural products and will in order to make the
beekeeping profession more attractive and the
beekeepers more powerful (Kuvanci, 2009). When the
importance of honey bees in pollination and their
effective role in the quality and quantity of the
products are fully understood, there will be a great
improvement in agriculture. Was a result of this fact,
we can conclude that besides honey, beeswax, pollen
and royal jelly are additional products of honey bees.
ion, the effective usage of honey-bees for pollination
purposes will make an additional gain for both
beekeepers and plant producers (Kumova and
Korkmaz,1998). The aim objective of this study is was
to investigate the effect of pollination of apple by honey
bees on the fruit yield, average seed number of seeds
and seed germination capacity. of the seeds.

MATERIALS and METHODS

This study was was carried conducted out in 2018, in
Bingol province, in a six years old apple garden linked
of to Bingol University in Bingol province, in 2018. by
using a six years old apple tree. Cultural practices such
as pruning, plant nutrition fertilizer, disease and pest
control applications etc. were done applied as needed
according to the standard. No pesticides were applied
during the flowering period of the apple tree to provide
a significant advantage for the honey bees pollination.
Other plants with white flowers blooming at the same
time with apple created a competition in terms of
honey bee activity. Therefore, weeding was performed
in the trial parcel. In order to reduce the impact of the
direction on the pollinator, 6 branches were selected
from different aspects side site of the tree. Three of the
selected branches were closed to the honey-bee visit
with tulle before flowering (during the period of pink
bud). For each branch that was closed to the honey-bee
visit, there was a branch left open in the same
direction. The flowers on the branches that were closed
to honey-bee pollination and on the branches that were
left open were counted every two days and the average
number of flowers on the branches was recorded. On
each branch open to pollination 5 flowers were
randomly selected and the average values of the honey
bees visiting these flowers were calculated. The stay of
the bee on a flower was calculated in seconds by taking
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the average of the duration of the bees visiting that
flower. During the flowering period, honey-bees were
counted at 10:00 a.m. for ten minutes with two day
intervals and the mean values of the number of bees
visiting the flowers were found. At the end of the
flowering period, the tulles covering the branches were
collected. Fruits are counted to detect the effect of the
application on fruit numbers. The life rate of fruits on
the branches open and closed to honey-bee pollination
was identified by counting the total number of fruits
on the branches every 15 days until the harvest time.
To analyze the effect of pollination on seed formation,
three fruits were taken from every open and every
closed branch, the seeds were counted and the average
seed count values were calculated. The experiment was
planned to have 3 branches in each repetition and the
averages of these repetitions were found and the
standard deviation values were calculated from these
repetitions.

From every branch that was closed to honey-bee
pollination and from every branch that was open to
honey-bee pollination the healthy fruits are collected
and 15 seeds were taken from each branch. The
selected seeds were used for germination tests. Seeds
obtained from the fruits grown on the branches closed
to pollination were placed on petri dishes. Five pieces
were put on every petri dish and repetitions are done
triplicate. After 21 days the mean values were obtained
for the germinating seeds on the petri dishes and the
standard deviation values of the repeated experiments
were calculated. The same process was also done for
the seeds obtained from the fruits on the branches open
to the pollination. Before the seeds were placed in petri
dishes, blotting paper was placed into the petri dishes
and the blotting paper was soaked with water to
ensure germination of seeds. Petri dishes were kept at
room temperature for germination and water was
added when the blotting paper got dry.

RESULTS

The average number of flowers on the branches open
and closed to honey-bee pollination, the average
number of honey-bees visiting the randomly chosen 5
flowers on the apple branches open to pollination
within 10 minutes and average duration of stay of
honey bees on a flower (in seconds) are given in Table
1. The data was collected for 35 days, from April 17th
2018 to May 22nd 2018. The data was recorded every
other day. The average number of flowers on apple
branches open to pollination ranged from 10.18 + 0.53
to 278.43 £+ 0.73. The highest flowering was found on
May 7th 2018 and the lowest flowering was on May 22nd
2018. The average number of flowers on the apple
branches closed to pollination varied between 8.07 +
1.19 and 127.05 + 0.57. Also for those branches the
highest flowering was on May 7th 2018 and the lowest
flowering was on May 22rd 2018. When the average
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numbers of flowers on the apple branches open and
closed to pollination were compared, we observed that
the number of flowers was higher on the branches
opened to honey bee pollination (Table 1).

The number of bees visiting the 5 randomly selected
flowers on apple branches open to honey-bee
pollination within 10 minutes varied from 7.74 £ 0.17
to 93.67 = 0.37. While the number of bees visiting the
flowers decreased at the beginning of flowering and at
the end of flowering, their number rose during the
period when the flowering increased. The number of
honey bees visiting the flowers was highest on May
11th 2018 and their number was lowest on May 21th
2018 (Table 1).

The average length of stay of a bee on flowers on the
apple branches open to honey bee pollination varied
between 3.66 = 0.09 and 8.64 + 0.07 seconds. Towards
the end of flowering the average stay time of the bees
on a flower decreased. On the date of April 23th 2018
the average stay time of the bees on flowers reached its
highest value and on May 19tk 2018 the average length
of stay on a flower descended to its lowest value (Table
1.

The change in the number of fruits on the apple
branches open and closed to pollination until harvest
time is shown in Table 2. Table 2 also presents the
ratio of the difference of the total living fruit numbers
on the branches open and closed to pollination to the
total fruit number on the branches open to pollination
as percentage. The counting of the fruits on the
branches started on June 1st 2018. On October 15th
2018 the fruits on the branches were counted and the
fruits were harvested. The counting of the fruits was
done in 15 days intervals. The total number of fruits on
apple branches open to honey-bee pollination was
between 17 and 21, and the total number of fruits on
the branches closed to pollination varied between 6
and 13. The fruit numbers were higher on the branches
open to pollination. The date on which the total
number of fruits on the branches was the highest was
June 1st 2018, the date on which the number of fruits
on the branches was the lowest was August 15th 2018.
The total number of fruits did not change from this
date on, until the time of harvest.

The ratio of the difference of the total number of living
fruits on the branches open and closed to pollination to
the number of fruits on the branches open to
pollination varied between 38.09% and 68.42%. The
total fruit loss rates on the branches open and closed
to pollination were 19.04% and 53.84%, respectively
(Table 2).

After harvest 3 fruits were randomly selected from
each branch and the average seed numbers of the fruits
grown on apple branches open and closed to honey-bee
pollination were calculated (Table 3).
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Table 1. The average flower number on the apple branches open and closed to honey bee pollination, the average
honey bee number visiting 5 randomly chosen flowers within 10 minutes on the apple branches open to
pollination and the average stay time of honey bees on a flower (in seconds)

Date Time Average flower | Average flower | Average bee number | Residence time of
number on the | number on the | on the branches open | bees on a flower
branches open to | branches closed | to pollination (10 | open to pollination
pollination to pollination minutes) (second)

17/04/2018 10.00 60.13+1.03 40.27+0.63 17.54+0.05 7.03+0.06
19/04/2018 10.00 62.25+0.14 43.18+0.72 15.23+0.07 6.16+0.08
21/04/2018 10.00 74.06+0.68 56.25+0.96 24.61+0.12 7.14+0.03
23/04/2018 10.00 87.48+0.74 61.46+0.12 32.43+0.13 8.64+0.07
25/04/2018 10.00 108.54+0.41 78.17+0.58 36.26+0.16 7.06+0.12
27/04/2018 10.00 117.37+0.78 82.54+0.34 45.34+0.78 7.46+0.01
29/04/2018 10.00 145.65+1.52 87.64+1.06 56.67+0.36 8.13+0.03
01/05/2018 10.00 167.87+0.97 96.43+1.14 65.48+0.62 5.66+0.11
03/05/2018 10.00 210.79+0.63 101.74+0.87 72.21+0.23 7.13+0.14
05/05/2018 10.00 258.24+0.54 108.78+0.21 84.43+0.46 6.66+0.09
07/05/2018 10.00 278.43+0.73 127.05+0.57 78.19+0.91 6.03+0.05
09/05/2018 10.00 270.61+0.56 113.71+0.83 80.45+0.54 5.16+0.01
11/05/2018 10.00 275.76+1.07 109.32+1.14 93.67+0.37 7.66+0.07
13/05/2018 10.00 210.51+0.36 101.15+1.26 65.27+0.51 5.19+0.15
15/05/2018 10.00 185.18+0.69 97.56+0.45 24.46+0.19 7.26+0.04
17/05/2018 10.00 160.37+0.26 89.82+0.68 32.34+0.45 5.46+0.01
19/05/2018 10.00 88.07+0.17 51.08+0.39 14.18+0.32 3.66+0.09
21/05/2018 10.00 30.29+0.34 14.16+0.69 7.74+0.17 5.13+0.16
22/05/2018 10.00 10.18+0.53 8.07+1.19 9.15+0.09 5.03+0.08

+= Refers to the standard deviation value obtained from at least three repetitions

Table 2. The change of fruit numbers on the apple branches open and closed to honey-bee pollination until harvest

Date Total fruit number on | Total fruit number on | The ratio of the difference of the fruit
the branches open to | the branches closed to | numbers between the branches open and
pollination pollination closed to pollination to the number of fruits

on the branches open to pollination (%)

01/06/2018 21 13 38.09
15/06/2018 21 11 47.61
01/07/2018 19 7 63.15
15/07/2018 19 6 68.42
01/08/2018 19 6 68.42
15/08/2018 17 6 64.70
01/09/2018 17 6 64.70
15/09/2018 17 6 64.70
01/10/2018 17 6 64.70
15/10/2018 17 6 64.70

Loss at the end %19.04 wastage %53.84 wastage

of harvest (%)

Table 3. The average seed number on the branches open and closed to honey bee pollination

Apple
branches

used in the

Average seed number
on the branches open
to pollination

Average seed number
on the branches closed
to pollination

Ratio of average seed number difference
between the branches open and closed to
pollination to average number of seeds on the

study branches open to pollination (%)
1. Branch 7.67+0.16 3.26+1.06 57.49
2. Branch 6.89+0.24 4.19+1.15 39.18
3.Branch 7.46+0.37 3.74+1.34 49.86

+= Refers to the standard deviation value obtained from at least three repetitions
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The average seed numbers of the fruits on the branches
open to pollination ranged between 6.89 + 0.24 and
7.67 £ 0.16 and the average seed numbers of the fruits
on the branches closed to pollination varied between
3.26+1.06 and 4.19+1.15. The average seed numbers of
the branches open to pollination were higher than
those of closed to pollination.

The ratio of the difference of the average seed
numbers between the branches open and closed to
pollination to the average seed numbers of the
branches open to pollination was between 39.18% and
57.49% (Table 3).

The average germination amounts of seeds obtained
from healthy fruits grown on the apple branches open

and closed to honey-bee pollination is given in Table 4.
The average germination of the seeds from the
branches open to pollination was between 4.75 £+ 1.46
and 5.65 + 0.96 and the average germination amount
of the seeds from the branches closed to pollination was
between 1.98+1.03 and 2.07£1.64. The seed
germination obtained from the branches open to
pollination was higher than those of closed to
pollination. The ratio of the difference between the
average germination of the seeds obtained from the
branches open and closed to pollination to the average
germination amount of the seeds obtained from the
branches open to pollination was between %52.21 and
%63.36 (Table 4).

Table 4. The average germination amount of the seeds obtained from the healthy fruits on the branches open and

closed to honey-bee pollination

Apple The average germination | The average germination | The ratio of the average germination

branches amount of the seeds | amount of the seeds | difference of seeds between the branches

used in the | obtained from the | obtained from the | open and closed to pollination to the

study branches open to | branches closed to | average germination difference of the
pollination pollination seeds from the branches open to

pollination (%)

1. Branch 5.05+1.89 1.98+1.03 60.79

2. Branch 4.75+1.46 2.27+1.34 52.21

3. Branch 5.65+0.96 2.07+1.64 63.36

+= Refers to the standard deviation value obtained from at least three repetitions.

DISCUSSION

Pollination and fertilization events are of great
importance for the fruit formation in pome fruit species
such as apple. Pollination is the most important factor
causing the yield increase (McGregor, 1976; Free,
1993). Lack of pollination causes a decrease in yield
production (Oronje et al., 2012). Pollination is essential
in the production of cultivated plants. If there is
sufficient pollination, there will be an increase of 45-
50% in sunflower, 50-60% in clover species, apple and
pear, 75-90 % in cucumber, 95-100% in melon and
watermelon and 35-40% in tomato, trefoil and vetch
(Mel'nichenko and Khalifman, 1976; Mel'nichenko,
1977). In our study, the total number of apples on the
branches closed to honey-bee pollination was lower
than those of open to pollination, supporting the data
in the literature.

The studies conducted with fruits with multiple cores
like strawberry, grapes, tomato, kiwi and cucurbit
discovered that the multitude of bee visits enabled seed
numbers to be at adequate levels, fruits to be fine
shaped and to have an intense taste and aroma (Woyke
and Bronikowska, 1984; Blanchet et al., 1991;
Cervancia and Bergonia, 1991; Goodwin et al., 1991;
Shrivastava and Shrivastava, 1991; Svensson, 1991;
Banda and Paxton, 1991; Morse and Calderone, 2000).
In our study, the average seed number from the
branches closed to pollination was lower than those of
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open to pollination. This result is consistent with the
data in the literature.

Apple is a self-incompatible fruit that needs pollination
to obtain high quality products. In the absence of
pollination, the fruits shapes deteriorate and fall
before developing fully as a result of some seed
sketches. In a study using Granny Smith and Jersey
Mac apple varieties grafted onto an M9 apple tree, it
was found that honey bee activities resulted in a
significant increase in yield and quality (Canverdi,
2016). In another study conducted in apple orchards in
England, it was reported that the use of honey bees in
the pollination increased the quality of fruit, regulated
the level of minerals and caused an increase in
production and quality (Garratt et al., 2014). In this
study, we have shown that honey bee pollination had a
significant effect on the average number of fruits and
average seed production in apple.

In a study on seed production and quality of culture
onion variety of Valencia, the authors reported that
honey-bees had a nutritional search behavior between
8:15 a.m. and 16:30 p.m., but the most intense
nutritional search activity was between 11:00 a.m. and
12:00 p.m. (Yiicel and Duman, 2005). In our study, we
chose 10:00 a.m. to observe the visits and the duration
of stay on flowers for the honey-bees. We chose the time
when bees work most intensively to increase the
reliability of our findings.
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A study on the effect of pollination on the germination
of Lasthenia california seeds showed that pollination
increased seed germination capacity and effected
germination quality positively (Hendrickson et al.,
2018). In our study, we observed that the average
germination of apple seeds was higher when honey bee
pollination was present.

As a result of this study, we conclude that there is a
significant relationship between bees and plant
pollination. To obtain a high quality and quantity of
products and to increase the amount of seed production
and germination, bee colonies need to be placed near to
cultivation sites.
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ABSTRACT Research Article

This study was conducted to evaluate the influence of cadmium (Cd)

(0, 100, 150 and 200 mg kg) and lead (Pb) (0, 1000, 1500 and 2000  Article History

mg kg!) on morphological, physiological and biochemical responses of Received  :03.04.2019
rocket (Eruca sativa L.) in greenhouse conditions. Plant growth, some Accepted  :16.05.2019
physiological (membrane permeability, relative water content, stomal

conductance, etc.) and biochemical (antioxidant enzyme activity, Keywords

proline and sucrose content) parameters of rocket plants were altered Rocke?:

with Cd and Pb levels. The Cd and Pb content in rocket increased with Cadmium

elevated concentration. Both Cd and Pb stress conditions negatively Lead

affected plant growth, photosynthetic activity and chlorophyll content. Planif gI‘O\thh ..
The negative effect of heavy metals elevated with increased doses of Physiological characteristics
Cd and Pb. The treatment of Cd and Pb significantly elevated

antioxidant enzyme activities. Furthermore, the heavy metal stressed

plants had more malondialdehyde (MDA), hydrogen peroxide (H202),

proline and sucrose as compared to control plants. This study

indicated that rocket plants developed defense mechanisms by

regulating enzyme activity and osmolyte accumulation against heavy

metal stress.

Kadmiyum ve Kurgun Agir Metal Stresinin Rokada (Fruca sativa L.) Bitki Biiyiimesi ve Fizyolojisi
Uzerine Etkisi

OZET Aragtirma Makalesi

Bu ¢alisma, sera kosullarinda kadmiyum (Cd) (0, 100, 150 ve 200 mg

kg!) ve kursunun (Pb) (0, 1000, 1500 ve 2000 mg kg!) rokada (Eruca Makale Tarihgesi

sativa L.) morfolojik, fizyolojik ve biyokimyasal tepkiler iizerine Gelis Tarihi - 03.04.2019
etkilerini belirlemek amaciyla yapilmistir. Roka bitkilerinin biiytime, Kabul Tarihi ©16.05.2019
baz1 fizyolojik (membran gecirgenligi, nisbi su icerigi, stoma

iletkenligi vb.) ve biyokimyasal (antioksidan enzim aktivitesi, prolin Anahtar Kelimeler

ve sukroz igerigi) parametreleri agir metal stres kosullari altinda Roka .

degismigtir. Rokanin Cd ve Pb icerigi yluksek konsantrasyonla Kadmiyum

artmigtir. Hem Cd hem de Pb stres kosullari bitki blUyumesini, Kursun . .

fotosentetik aktiviteyi ve klorofil icerigini olumsuz etkilemigtir. Agyr ~ Ditki biytimesi
Fizyolojik 6zellikler

metallerin negatif etkisi artan Cd ve Pb dozlar1 ile daha fazla
olmustur. Cd ve Pb uygulamalar1 antioksidan enzim aktivitelerini
onemli 6l¢iide artirmistir. Ayrica, agir metal stresli bitkilerde, kontrol
bitkilerine kiyasla daha fazla malondialdehit (MDA), hidrojen
peroksit (H202), prolin ve sukroz bulunmustur. Bu calisma, roka
bitkilerinin enzim aktivitesini ve osmolit birikimini diizenleyerek agir
metal stresine karsi savunma mekanizmalari gelistirdiklerini
gostermigtir.
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INTRODUCTION

The ecological pollution emerged by industrialization
has caused contamination of soil and water resources.
This situation reached dangerous levels in many
countries in all the world (Robinson et al., 2001). High
heavy metal (Cd*2, Pb*2, Zn*2, etc.) concentrations in
agricultural areas were determined to be toxic and the
situation is defined as heavy metal stress. Heavy metal
accumulation in soils can cause many environmental
and human health problems, including microbial
activity, soil fertility, biodiversity and yield losses in
crops, and even poisoning in foodstuffs. Heavy metals
are considered to be one of the most dangerous
substances in the environment (Vanhh and Yazgan,
2008). Heavy metals can stay in dangerous densities in
ecosystems by moving around food chains. Continuous
and usage-related contamination causes a
considerable amount of heavy metal content and
density in the environment (Okcu et al., 2009).

Heavy metal stress conditions negatively influence
plant growth, yield and productivity. These adverse
effects occur by affecting the metabolic, physiological
and biochemical characteristics in plants. Yield and
quality losses are observed in plants grown in
industrial areas contaminated with industrial
wastewater. It also accelerates aging by reducing
photosynthetic activity in the plant. Due to heavy
metals, plant roots are usually shortened, thinner or
less developed, and in high concentrations cases
resulting plants to die (Sakli, 2011).

Heavy metal stress promotes free radical formation,
damaging plant tissues and causing oxidative damage
in plants. Metal stress leads to producing excessively
reactive oxygen species (ROS) that are unstable and
harmful to cells and lead to oxidative injury. Excessive
amounts of ROS damage nucleic acids, lipids, and
proteins. Plants ameliorate different defense
mechanisms to prevent from these damages due to
heavy metals. These defense mechanisms include
plant chelates and antioxidative defense systems with
a low molecular weight, thiol-containing and metal-
binding polypeptide class. The plants have various
antioxidant molecules (ascorbate, glutathione, a-
tocopherol) and enzymes (SOD, POD and CAT), which
protect themselves against oxidative damage.
Antioxidant enzymes have a major role in the defense
mechanism developed to heavy metal stress in plants
(Unalan, 2010; Ahmad et al., 2017).

The most severe poisonous heavy metals were reported
as Cd, Pb and Hg (Okcu et al., 2009). Cd and Pb are
dangerous metals, which has a high mobility and
negative effects on the plants and all living organisms
even at low concentrations (Needleman et al., 1990).
Cd can enter the body via the food chain and can lead
to health problems (Hassan et al., 2008). Tolerances of
plants to heavy metal stress may differ depending on
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the crop, type of the heavy metal and the duration of
exposure to stress. Thus, the type and concentration of
heavy metals was reported to be very important on life
events in plants (Asri and Sonmez, 2006).

The rocket (Eruca sativa L. is grown mostly in
Mediterranean countries and is consumed extensively
as a source of nutrition, an aphrodisiac and a medicinal
herb. Rocket also is rich in glucosinolates, flavonoids
and phenolics, which have antioxidant and anticancer
characteristics and are associated with reduced risk of
cardiovascular and cognitive disease (Maia et al.,
2015). Zhi et al. (2015) stated that rocket plant can be
tolerant or moderately tolerant to copper, mercury,
chromium, and cadmium, and highly tolerant to lead,
nickel and zinc.

There are several studies investigating the influences
of Cd and Pb on rocket growth yet, they are limited in
details. The present study was conducted to determine
the threshold values of rocket in different doses of both
Cd and Pb regarding to plant growth, physiology and
biochemical characteristics.

MATERIALS and METHODS
The study was conducted in greenhouses of Atatiirk
University, Plant Production Application and

Research Center. Rocket (Eruca sativa cv Bengi) was
used as plant material.

The Experiment Set up

Seeds were planted in 2-liter pots filled with a ratio of
2:1: 1 (v: v: v) of soil: sand: manure having around 1.30
g cm3 bulk density. After the seedling emergence, four
plants similar in size were left in each pot. The soil
moisture in the pots was controlled and irrigated to
reach the field capacity as needed. The fertilization
was done by using chemical fertilizer to be 250 kg ha'!
N, 200 kg ha'! P205 and 150 kg ha'! K20 (Esiyok, 2012).

Heavy Metal Applications

In the experiment, 2 pollutants (PbNOs and
CdS04.8H20) X3 replications x 5 plants were repeated
in a total of 120 pots. For heavy metal stress, various
levels of Cd (0, 100, 150 and 200 mg kg') and Pb (0,
1000, 1500 and 2000 mg kg!) were mixed into the
medium and watered to the field capacity and allowed
to incubate for 3 weeks. After this period, rocket seeds
were sown. Experiments were completed 50 days after
the planting and fresh and dry weights of leaf and root
and number of leaf were recorded.

Chlorophyll Content (SPAD)

The chlorophyll content was detected by the SPAD-502
chlorophyll meter (SPAD-502, Konica Minolta
Sensing, Inc., Japan).
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Leaf Area

The plant leaf area in each application was measured
using a leaf area meter (LICOR, Model: LI-3100,
Lincoln, NE, USA).

Membrane Permeability (MP)

A sign of damage caused by plant stress in leaf tissue
and especially in cell membranes is the electrical
conductivity measurements measured in wet leaf
tissues. For this purpose, discs taken from the most
recently developed leaves of 2 plants randomly selected
from each replicate (1 cm in diameter) were put in
glass bottles containing 20 ml of ultrapure water and
shaken for 24 hours in the shaker and then the
electrical conductivity of the wetting water was
determined (EC1). Glass bottles were kept in an
autoclave at 121 °C for 20 minutes, after which
complete destruction of cells and tissues was achieved,
followed by a second measurement (EC2). The
membrane permeability values were calculated by
calculating the ratio between EC1/ EC2.

Relative Water Content (RWC)

Relative water content (RWC) was determined
according to Gonzalez and Gonzalez-Vilar (2001).

Photosynthetic Parameters

Photosynthetic rate (Pn), stomatal conductance (gs),
transpiration rate (Tr), and intercellular COq
concentration (Ci) were measured on the third fully
expanded upper leaves. The measurements were done
by using a portable Li-Cor 6400 Photosynthesis
System (LI-COR, Lincoln, USA) between 10:00 and
1:00 pm on a sunny day (Ors et al., 2016).

MDA and H20:2

MDA and H202 concentration were determined
according to Liu et al. (2014).

Sucrose

The sucrose content was determined by using the
method of Wu et al. (2011).

Proline

Proline concentration of the samples was determined
at 520 nm by a spectrophotometer (Man et al., 2011).

Cd and Pb Analysis

The leaves of the rocket were dried at 68°C for 48 h and
grounded. Cd and Pb content was analyzed by a
coupled plasma spectrophotometer (Optima 2100 DV;
Perkin-Elmer, Shelton, CT) (Helrich, 1990).

Antioxidant Activity

Assays of antioxidant enzyme activity were performed
according to Liu et al. (2014).
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Statistical Analysis

The experiment was a randomized plot design with
three replications. The data obtained from the
experiment were analyzed by using SPSS 18 package
program and the means were compared by Duncan
multiple comparison test (SPSS Inc., 2010).

RESULTS and DISCUSSION

In our experiment, heavy metal applications had a
negative effect on plant growth characteristics in
rocket (Table 1). The exposure of the rocket to Cd and
Pb stress considerably resulted in reduced growth. The
fresh and dry weights of shoots and roots were
significantly lowered with the elevation of Cd and Pb
concentration. Overall, 200 mg kg Cd and 2000 mg kg
1 Pb significantly inhibited the growth of the rocket
plant. The leaf fresh weight, leaf dry weight, root fresh
weight and root dry weight at 200 mg kg! Cd
drastically reduced by 44.7, 51.4, 27.8 and 36.8% as
compared to the control, respectively. Similarly, 2000
mg kgl Pb treated plants had 60.9, 56.8, 40.5 and
63.2% lower in leaf fresh weight, leaf dry weight, root
fresh weight and root dry weight, respectively, than
the control (Table 1). Root growth inhibition in plants
is one of the most important symptoms of Cd and other
heavy metals (Kim et al., 2007; Groppa et al., 2008).
Many researchers reported earlier that heavy metals
have an unfavorable impact on plant growth and have
undergone oxidative damage by disrupting metabolism
in plants (Schiitzendiibel et al., 2001; Benavides et al.,
2005; Gratao et al., 2005). The decline in growth due to
cadmium application was explained by cadmium
interaction with important metabolic factors such as
photosynthesis, transportation of photosynthetic
outputs and nutrients in plants (Igbal et al., 2010).

We also found that Cd and Pb treatments caused
reduce on leaf number, leaf area and SPAD values
(Table 2). The similar result reported by Opeolu et al.
(2010) showing that leaf number and plant height of
tomato were adversely affected by Pb applications. In
our study, we observed heavy metal treatments caused
chlorosis in rocket plants. A decrease in cadmium-
induced chlorophyll concentration was shown in barley
(Stobart et al., 1985), beans (Padmaja et al., 1990),
cucumber (Chugh and Sawhney, 1999), corn and wheat
(Zhao, 2011). Similarly, it has been reported that Cd
toxicity causes chlorosis, leaf curling and stunting
(Moreno et al., 1999; Emamverdian et al., 2015). Heavy
metals have been reported to prevent cell division and
elongation (Karcz and Kurtyka 2007). Cd stress leads
to reduce the concentration of chlorophyll, which is
related to the inhibition of chlorophyll biosynthesis
(Malik et al., 1992; Vassilev and Yordanov, 1997;
Drazkiewicz and Baszynski, 2005). Furthermore, the
low chlorophyll concentration due to Cd application
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Table 1. Effects of heavy metal applications on some plant growth characteristics in rocket plants

Treatments Stem diameter Leaf fresh Leaf dry weight Root fresh Root dry weight
mg kgl (mm) weight (g plant?) weight (g plant?)
(g plant) (g plant)

Control 3.61 a* 8.56 a 1.11a 1.92 a 0.19a

Cd 100 2.85 be 5.67 b 0.64 bc 1.59b 0.15¢

Cd 150 2.77c 4.96 c 0.59 cd 1.53 b 0.13d

Cd 200 2.48d 4.73 d 0.54 cd 1.40¢ 0.12e

Pb 1000 2.89b 561D 0.76 b 1.50 b 0.18b

Pb 1500 2.81 be 4.08 e 0.49d 0.84 d 0.09f

Pb 2000 2.58d 3.35f 0.48d 0.66 e 0.07¢g

*: The means marked with different lower case in same column differ meaningfully (P < 0.001)

Table 2. Effect of heavy metal applications on leaf number, SPAD, leaf area, MP and RWC in rocket plants

Treatments Leaf number Chlorophyll Leaf area cm? MP RWC
mg kg'! no plant’! SPAD plant! % %
Control 9.60 a* 53.07 a 8.10 a 43.99 e 80.17 a
Cd 100 7.74 b 51.20 a 7.13b 49.39d 74.40 b
Cd 150 7.58 b 45.87Db 6.23 c 64.45b 71.30 c
Cd 200 7.23 b 44.87b 5.11e 68.56 a 66.72 d
Pb 1000 6.69 b 51.93 a 7.02 b 48.88 d 71.41c
Pb 1500 6.37b 50.74 a 6.37c 58.37 c 65.38 de
Pb 2000 6.76 b 46.23 b 5.62 d 63.55 b 63.09 e

*: The means marked with different lower case in same column differ meaningfully (P < 0.001)

was associated with magnesium and iron lack (Greger
and Ogren, 1991). Indeed, we observed that Cd caused
a decrease in Fe and Mg amount in leaves and roots of
rocket plants (data not shown). Marshner (2012)
clarified that Cd can affect cell wall extension and cell
division, resulting in decreased growth. The most
important reason for excessive Cd doses to disrupt the
chlorophyll biosynthesis is the inhibition of
aminolaevulinic acid synthesis by the protocol of
chlorophyll reductase in chlorophyll biosynthesis (Asri
and Sonmez, 2011).

The influence of various Cd and Pb levels on the RWC
and MP of the rocket plants is shown in Table 2. Cd
and Pb applications dramatically increased the MP
and decreased the RWC. Metal toxicity may affect
membrane permeability, leading to a decrease in water
content. It is reported that Cd interacts with the water
balance (Costa and Morel, 1994). The decreased RWC
observed in our study can be caused by heavy metal-
stimulated reductions in hydraulic conductivity
(Ehlert et al., 2009). Similarly, earlier researchers
showed that heavy metal stress caused a reduction in
RWC of several crops (Manousaki and Kalogerakis,
2009; Ahmad et al., 2011). Our findings are in line with
Alyemeni et al. (2017) who indicated that Cd elevated
the MP in bean. Heavy metals lead to free radicals
production and leading oxidative degradation of
tilachoid membrane lipids, in such cases it is known
that chlorophyll destruction is increased and its
synthesis is prevented (Asri and Sonmez, 2011).

As the concentration of Cd and Pb increased,
photosynthetic parameters were adversely affected

(Table 3). Krupa and Baszynski (1995) reported earlier
that heavy metals directly or indirectly affect the
photosynthetic process. Cd can also break down the
photosynthetic electron chain, causing to the
generation of Oz~ and 102. Photosynthetic parameters
are adversely affected by Cd stress (Asada and
Takahashi, 1987; Alloway, 1995). Hasan et al. (2009)
determined that Cd had a detrimental impact on
photosynthetic activity by causing stomata to close.
Although the heavy metals are determined to affect
photosynthetic activity, Prasad (1999) reported that
Cd is the most important inhibitor of photosynthetic
activity. Similarly, Sharma and Dubey (2005) reported
that the amount of Pb taken into the plant limits the
photosynthesis, disrupts the balance of water and
minerals, and adversely affects the hormonal structure
and membrane permeability.

The present study showed that Cd and Pb treated
plants had more MDA and H:0: content than the
control plants (Table 4). Cd and Pb treatments caused
to oxidative stress because of enhanced lipid
peroxidation and H2Os2 content. The highest MDA and
H202 were obtained from the 200 mg kg! Cd
treatment. Lipid peroxidation is an indicator of
oxidative stress in plants. In this study, lipid
peroxidation level increased due to Cd and Pb
application. Metal phytotoxicity causes oxidative
stress by indirect mechanisms such as increasing the
formation of toxic oxygen derivatives and leading to
lipid peroxidation (Montillet et al., 2004). Cadmium
causes very important damages and oxidative stress in
plant metabolism (Gratao et al., 2005).
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Table 3. Effects of heavy metal applications on photosynthetic activity in rocket plants

Treatments Pn gs Ci Tr

mg kg'! mmol m2 g1 mmol m2 gl pmol mol! mmol m?2 g?
Control 9.10 a* 0.88 a 382.78 a 11.04 a

Cd 100 7.76 b 0.35d 342.78 b 8.73 c

Cd 150 7.34c 0.32 de 327.18 ¢ 8.10d

Cd 200 5.63 f 0.30 e 318.00 cd 6.74 e

Pb 1000 7.76 b 0.62Db 348.61Db 10.50 b

Pb 1500 6.90 d 0.52 ¢ 309.08 d 9.10 c

Pb 2000 6.52 e 0.49c 312.89d 8.63 c

*: The means marked with different lower case in same column differ meaningfully (P < 0.001)

Table 4. Effects of heavy metal applications on MDA, H202, proline and sucrose content in rocket plants

Treatments MDA H20:2 Proline Sucrose
mg kg'! nmol g1 dry wt mmol kg-! ug gt fresh wt %
Control 4.49 e* 9.90d 145.64 d 32.82d
Cd 100 4.88 ¢ 10.59 ¢ 160.33 ¢ 36.54 ab
Cd 150 4.95 be 11.88 a 163.00 ¢ 37.81 a
Cd 200 5.21 a 11.48 a 182.37b 35.05 be
Pb 1000 4.70d 10.07 d 163.92 ¢ 34.51¢c
Pb 1500 4.89 ¢ 11.06 b 218.99 a 38.08 a
Pb 2000 5.05 b 11.03 b 222.21 a 35.97 be

*: The means marked with different lower case in same column differ meaningfully (P < 0.001)

The increase in lipid peroxidation due to Cd
application reported earlier in different crops, such as
peas (Dixit et al., 2001), cucumber (Zhang et al., 2002)
and corn and wheat (Zhao, 2011). Moreover, the onset
of lipid peroxidation was seen in bean under cadmium
stress (Lozano-Rodriguez et al., 1997).

Proline and sucrose content increased with heavy
metal treatments (Table 4). The greatest proline value
was observed in 2000 and 1500 mg kg! dose of Pb
treatments while the greatest sucrose values were in
1500 Pb and 150 Cd. Organic osmolytes such as proline
and sucrose improve the stress tolerance of plants
(Tester and Davenport, 2003).

Cd -tolerant plants have been reported to accumulate
compatible osmolytes. As observed in the present
study, Irfan et al. (2014) also showed that tolerant
cultivars of mustard had greater proline content than
sensitive ones in mustard under Cd stress conditions.
Zengin and Munzuroglu (2006) found similar
observations in sunflower. Moreover, it has been
known that the activity of proline synthesizing
enzymes could be stimulated under stress
environments (Jaleel et al., 2007). Emamverdian et al.
(2015) suggested that proline can give a role as protein
stabilizer under heavy metal stress.

The influences of the Cd and Pb treatments on SOD,
POD and CAT activity in rocket plants are shown in
Table 5. Cd and Pb treated plants sustained more
SOD, POD and CAT activity than the control (Table 5).
Plants activate enzymatic defense systems (SOD, APX,
GR, CAT, GPX etc.) under stress conditions. Abiotic
stresses conditions enhance ROS in cells that cause the
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damage of cellular homeostasis. The stimulation of
antioxidant enzymes by oxidative stress reflects an
overall strategy for dealing with stress (Foyer et al.,
1994). SOD, CAT and POD activities have been
suggested to lower the lipid peroxidation process in Cd
stressed sunflower plants (Gallego et al., 1996). Patel
et al. (2016) suggested that the antioxidant enzyme
activities, MDA, and proline production increased in
heavy metal stressed spearmint (Mentha spicata),
which was accordance with our results. Similarly,
Khavari-Nejad et al. (2013) stated that the phenol,
flavonoid, and proline content increased in basil with
increasing level of Cd.

Cd and Pb application into the growth medium
elevated the concentration of Cd and Pb in both leaves
and roots of rocket plants (Table 6). We found that Cd
content in the roots was much greater than in leaves.
Similar results were found by different authors (Salt et
al., 1997; Ozturk et al., 2003; Uraguchi et al., 2009).
Heavy metals have been mostly observed to
accumulate in the roots. Thus, roots are considered as
part of plants that occur toxification (Kabata-Pendias
and Pendias, 2001). Cannata et al. (2013) revealed that
Cd and Pb content elevated with increased doses of
these elements in root media. They also showed that
arugula roots had higher metal content than shoots.

CONCLUSION

Both Cd and Pb stress conditions had an adverse effect
on plant growth, photosynthetic activity, chlorophyll
content, and these effects more drastically occurred
when the concentration of two stress factors increased.
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Table 5. Effects of heavy metal applications on SOD, POD and CAT activity in rocket plants

Treatments SOD POD CAT

mg kgl EU g leaf ! EU gleaf 1 EU gleaf !
Control 200.33d * 5715.00 b 145.67 e
Cd 100 216.67 ¢ 6639.67 a 191.00 b
Cd 150 211.67 ¢ 6705.33 a 190.67 b
Cd 200 236.67 a 6683.67 a 227.00 a
Pb 1000 222.67b 6725.33 a 159.67 d
Pb 1500 216.33 ¢ 6704.67 a 166.00 d
Pb 2000 204.33 d 6635.00 a 177.33 ¢

*: The means marked with different lower case in same column differ meaningfully (P < 0.001)

Table 6. Effects of heavy metal applications on Cd and Pb content in leaf and root of rocket plants

Treatments Leaf Cd Root Cd Leaf Pb Root Pb
mg kgl mg kg1

Control 0.32 d* 0.59d 0.93d 2.71d
Cd 100 0.74 c 1.68 ¢ 0.95d 2.73d
Cd 150 091b 2.14 Db 0.90d 2.65d
Cd 200 1.63 a 3.25a 0.83 e 2.66d
Pb 1000 0.29d 0.59d 1.56 ¢ 4.60 c
Pb 1500 0.28d 0.59d 2.16 b 6.90 b
Pb 2000 0.27d 0.61d 2.66 a 7.87 a

*: The means marked with different lower case in same column differ meaningfully (P < 0.001)

Cd was more impressive at lower doses than Pb.
However, rocket plants developed defense mechanisms
by regulating enzyme activity and osmolyte
accumulation against the Pb and Cd stress conditions.
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ABSTRACT Research Article

This study was conducted to determine effects of Humic Acid (HA) on

yield and some quality characteristics of cauliflower under saline Article History

conditions. Control (0.3), 2, 4, 6, and 8 dS'm'' NaCl and 0, 1 and 2 g-kg" Received - 06.03.2019
1 HA combinations were applied to the growth medium. Salt Accepted ©16.05.2019
application generally negatively affected yield and curd growth, and

negative effects were mostly due to salt concentrations >2 dS-m1. Keywordg

Increasing salt concentration positively affected quality Hu?m'c acid

characteristics of curds, and the highest total acid contents of dry Sahmty

matter and total soluble solids were detected in salt concentrations of giglﬁil;wer

6-8 dS'ml. The HA application for decreasing harmful effects of salt
brought to a successful conclusion in terms of total yield notably, and
curd diameter and length, and the total amount of dry matter. While
positive effects occurred mostly at salt concentrations >4 dS-m;
effects of HA application did not occur at NaCl concentration of 6 or 8
dS'ml. Two g'kg! HA produced better results for yield and curd
weight, but application of 1 or 2 g-kg! HA produced similar effects for
other parameters.

Karnabaharda (Brassica oleraceae L. var. botrytis) Tuz Stresinin Azaltilmasinda Humik Asit
Uygulamalarinin Roli

OZET Aragtirma Makalesi
Bu arastirmanin amaci; tuzlu kosullarda karnabaharin verim ve bazi ) .
kalite 6zellikleri {izerine Humik Asit (HA) uygulamalarinin etkilerini Makale Tarihgesi

ortaya koymaktir. Yetistirme ortamina kontrol (0.3), 2, 4, 6 ve 8 dS'‘m Gelis Tarihi  :06.03.2019
1 NaCl ve 0, 1 ve 2 g'kg! HA kombinasyonlar1 uygulanmistir. Kabul Tarihi :16.05.2019
Aragtirma sonuclarina gore, tuz uygulamalar: verim ve tag¢ biiyiime
parametrelerini genel olarak énemli diizeylerde olumsuz etkilemigtir,
bu olumsuz etkiler daha c¢ok 2 dS'm?! tizerinde artan tuz

Anahtar Kelimeler
Humik asit

konsantrasyonlarinda bulunmustur. Buna karsin, artan tuz Euzlul{)lkh
konsantrasyonlar: bitki tag kalite 6zelliklerini olumlu etkilemis ve en Ka?:, abahar
alite

yuksek kuru madde, suda c¢oézinur kuru madde ve toplam asit
icerikleri yiiksek tuz konsantrasyonlarinda (6 ve 8 dS:m’) tespit
edilmigtir. Tuzun zararl etkilerinin azaltilmasina yonelik yapilan HA
uygulamalarindan toplam verim basta olmak tizere tac ¢ap ve boyu,
toplam kuru madde miktarindan olumlu sonu¢ alinmigtir. Bu olumlu
etkiler daha cok diisiik ve orta tuz konsantrasyonlarinda 4 dS-m™)
gozlemlenirken, yiiksek konsantrasyonlarda (6 ve 8 dS-m) HA
uygulamalarinin herhangi bir etkisi gézlemlenememistir. Verim ve
tac agirhiginda 2g-kgl HA uygulamasi daha iyi sonuglar verdigi ancak,
diger parametrelerde her iki uygulamanin (1 ve 2 g-kg'HA) benzer
etkiler gosterdigi anlagilmigtir.

To Cite : Turhan A 2019. The role of humic acid application in reducing detrimental effects of salt in Cauliflower (Brassica
oleraceae L. var. botrytis). KSU Tarim ve Doga Derg 22(6): 000-000. DOI: 10.18016/ksutarimdoga.vi.536286.

INTRODUCTION affecting production of vegetables with 20% of

Salinity is one of the most important problems agricultural lands and 33% of irrigated areas
worldwide affected. Soil salinization may occur
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because of climate change, overuse of groundwater (in
the regions near the seas), using low-quality water for
irrigation, and over-irrigation (Machado and
Serralheiro 2017). As a result of the impact of
increasing temperature and decreasing rainfall in arid
lands, salt cannot be washed away resulting
accumulations in the topsoil. This situation limit
growth of plant roots and cause abiotic challenges in
plants. Excessive salt level causes serious
physiological functional disorders, limiting vegetative
and reproductive growth of vegetables and causes
fertilization disorders decreases in marketing values,
and plant death (Dolarslan and Gul 2012). Salinity
threshold levels that affect yield are between 1-2.5
dS-m! (Machado and Serralheiro 2017). Cauliflower is
a moderate salt-sensitive vegetable, and the salinity
threshold level of irrigation water yield of cauliflower
starts to decline between 1.9 and 2.7 dS'm™! (Snappet
al. 1991; Kotuby et al. 1997).

In order to increase productivity in plant production in
saline soils, soil characteristics need to be improved by
adding organic matter (Asik et al. 2009). Organic based
fertilizer application increases soil fertility, and
improves physical, chemical, and biological features of
soil, and resulting increases yield per unit area
(Dolarslan and Gul 2012). Humic substances (humic
acid and fulvic acid), generally termed humas, are
basic components of soil organic matter (Chen and
Aviad 1990). It was reported that humic substances
are effective in decreasing salinity levels of soils and
reducing toxic effects of heavy metals (Gumuzzio et al.
1985; Gerzabek and Ulah 1990).

The effect of water shortage and salt level, use of humic
substances for removing negative effects of elements in
toxic quantities, and effects on plant growth were
studied (Asik et al. 2009). Humic acid application
decreases adverse effects of salt.

This study was conducted to determine the salt limit of
irrigation water, used in cauliflower cultivation that
would affect yield and some quality parameters, alone
and in conjunction with humic acid.

MATERIAL and METHODS

This study was conducted in a plastic covered
experimental greenhouse (a latitude of 40°01'N, and a
longitude of 28°22' E with an altitude of 22 m above sea
level) at the research fields of Mustafa Kemal Pasa
Vocational College, Uludag University in Bursa,
Turkey. To prevent rain water from reaching plants,
the roof of protected culture structure was covered
with polyethylene and the remaining parts were left
open. In the study, commercial cauliflower (Brassica
oleraceae L. var. botrytis cv. Kartopu) variety was
used.

The experiment was a split plot arranged in a complete
factorial with 4 repetitions. The main plot was salt

concentration and the split was comprised of humic
acid levels. Each repetition was comprised of a single
plant in a metal barrel with 0.85 m in height and 0.58
m in diameter. 225 kg of air-dry sandy-loam soil (81%
sand, 11% clay, 8.1% silt, 1.4% organic matter, 20.56%
lime, with P205=19.6 ppm, K20 =221.20 ppm, total
N=0.56% , pH=7.8, EC=0.29 dS'm!, bulk density of
1.23 g-em3, field capacity=25) was placed into barrels
after being passed through a 2 mm sieve. Then, 5 cm
sand-gravel mixture was placed at the base of the
barrels for a possible water drainage. Eighty kg-ha! of
N (as ammonium nitrate), 60 kg of P205 (as super
phosphate), and 5 kg of K20 (as potassium sulphate),
were applied to the barrels (Abd El-All and Mohammed
2014). All the P and K fertilizers and half of N fertilizer
were applied before planting and the other half of the
N were applied 4 weeks after planting.

Seedlings were obtained from a seedling company.
Seedlings with 3-4 true leaves were planted into
barrels at the beginning of August and were irrigated
daily with tap water for 10 days after planting, and
later when needed. No diseases occurred in plants,
weeding, and the other necessary procedures were
conducted regularly throughout the trial. Average
temperature and humidity in the growth medium over
the growing period were 24.2°C and 63%, respectively.

Treatments included the NaCl concentrations [0.3
(control), 2, 4, 6 or 8 dS'm™1] as the main factor, and
humic acid (HA) 0, 1 or 2 g-kg! as the split plot. The
NaCl (Merck), which has a high solubility in water,
was used to prepare saline irrigation water, and the
salt was added into the tap water. Application was
based on 30-40% drainage. Salt dose was increased
gradually to protect plants from osmotic shock and full
concentration reached in a 4-day period. Delta Humat,
the source of humic acid, was applied by mixing into
the soil before planting. The humic acid had
characteristics of 12%, pH: 12.86, EC: 32.8 mS-cm! and
was leonardite based.

Plants were harvested t 90 days after transplanting
with curds cut at the soil surface.

Number of leaves per plant (NL); in the harvest period,
all leaves were counted separately in each plant.
Plant height (PH,cm); plant height was determined by
measuring the distance from the soil to the terminal
point where the curd ended.

Curd diameter (CD, cm); the diameter of the curds
were measured with a ruler and their average was
determined as (cm).

Curd height (CH,cm) was measured by ruler

Curd weight per plant(CW); harvested cruds were
weighed to determine the average crown weight (g).
Marketable yield (kg da’) was calculated considering
that the plants could be planted at 50x70 cm (Vural et
al. 2000) intervals to 1000 m? trial area.

Curds were cleaned by tap water, grounded with a
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blender, and dried in a drying oven at 70°C for 2 days,
then weighed and dry matter determined (Noshadi et
al. 2013). Total soluble solids were determined by
amount of juice extracted from curds via a
refractometer (Abbe-type refractometer, model
60/Direct Reading, Bellington and Stanley Inc., Kent,
UK) (Tigchelaar 1986). Total acidity was determined
with titration of the same fruit juice using 0.1 N NaOH
(Anonymous 1968).

Yield and quality parameter data from samples were
subjected to the analysis of variance in IBM SPSS
Statistics for Windows (ver. 20.0, IBM Corp., Armonk,
NY). If the interaction was significant it was used to
explain results. If the interaction was not significant
means were separated using LSD test (p<0.05).

RESULTS and DISCUSSION

Increasing salt concentrations had a significant effect

on the number of leaves of cauliflower plants.
However, the results of the variance analysis indicated
that the number of leaves in a plant was not affected
by 4 dS'm salt concentrations, but increasing salt
concentrations from this point and up decreased the
number of leaves significantly. Similar with our
findings, Miceli et al. (2003) emphasized that the high
soil salinity may reduce the number of leaves per plant.
On the other hand, increasing HA doses have not
affected the number of leaves per plant significantly.
Indeed, the effect of NaCl x HA interaction on the
number of leaves per plant was found insignificant.
This result shows that HA applications treated are not
effective in reducing the adverse effects of salt on the
number of leaves (Table 1).

Table 1. Effects of different NaCl and humic acid applications on cauliflower yield, some curd development

parameters and quality properties

Treatments NL PH CH CD CwW MY DM TSS TA
(cm) (g (kg da'1) (%) (°Briks) (g1
To Ho 13.25 40.90b 13.75¢ 16.90b 1363.75Db 3886.68 b 7.73 h 6.28 1.23
To Hi 13.00 4473 a 1558 ab 1820a 1425.75a 4063.38 a 7.98¢h 6.64 1.21
To He 13.00 4490a 15.30ab 18.48a 1459.50 a 4159.58 a 8.13fg 6.69 1.23
T2 Ho 13.00 41.24b 15.13b 18.10a 1348.50b 3843.23 b 8.46 f 6.83 1.32
T2 Hi1 13.00 43.89a 15.68ab 1825a 1448.00 a 4126.80 a 839f 6.80 1.31
T2 Ho 13.00 43.98a 16.563a 18.55a 1440.25a 4104.71 a 8.44f 6.81 1.31
T4+ Ho 12.75 3890b 11.90d 15.08c¢ 1151.00d 3280.35d 9.87cd 7.70 1.49
T4+ H1 13.25 39.03b 12.50d 15.75bc 1179.00cd 3360.15cd 9.95¢ 7.73 1.48
T4+ Ho 12.50 39.20b 12.85cd 16.09bc 1200.75c¢ 3422.14 ¢ 10.20c 17.74 1.51
Te Ho 9.00 27.40cd 9.48 ¢ 11.25d 971.00e 2767.35 e 10.59b 8.75 1.93
Te Hi1 9.50 29.08c 9.03e 11.75d 960.75 ¢ 2738.14 e 10.99a 8.75 1.96
Te Ho 9.25 29.38¢c 9.35e 11.53d 976.00e 2781.60 e 11.26 a 8.72 1.94
Ts Ho 7.75 23.30e 7.03f 7.50 e 821.50f 2341.28 f 9.24 e 7.10 2.01
Ts H1 7.75 23.44e 6.70f 8.25e 811.25f 2312.06 f 9.51de 17.06 2.02
Ts Hs 8.00 25.55e 6.78f 8.00 e 834.50 f 2378.33 f 9.43 e 7.15 2.01
NaCl (dS m1)
0.3 (Control) 13.08a 43.51a 14.88b 17.86a 1416.33 a 4036.55 a 7.95¢ 6.53 e 1.22 e
2 13.00a 43.03a 15.78a 18.30a 1412.25a 4024.91 a 8.42 d 6.81d 1.31d
4 12.83a 39.04b 12.42c¢ 15.63b 1176.92b 3354.21 b 10.00b 7.72Db 1.50 ¢
6 9.25b 28.64c 9.28d 11.51c 969.25¢c 2762.36 ¢ 10.95a 8.74a 1.94Db
8 7.83 ¢ 24.10d 6.83e 7.92d 822.47 d 2343.89 d 9.40 c 7.11c 2.01 a
Humic acid (HA, g kg
0 11.15 34.36b 11.46Db 13.77b 1131.15¢ 3223.78 ¢ 9.18Db 7.33 1.58
1 11.30 36.03a 11.9ab 14.44a 1164.95b 3320.11 b 9.36 a 7.40 1.60
2 11.15 36.60a 12.16a 14.53a 1182.20a 3369.27 a 9.49 a 7.42 1.60
Nacl *% *% %% %% %% %% %% %% %%
HA ns *% %% %% %% %% %% ns ns
Nacl X HA ns *% %% %% %% %% %% ns ns

*%:0.01 significant, ns: no significant
To, T2, T4, Ts, Tsrespectively, 0.3 (control), 4, 6, 8 dS m! NaCl; Ho, H1, Ha respectively,0, 1, 2 g kg't HA
NL: Number of Leaves per plant, PH: Plant height, CH:, Curd Height CD: Curd Diameter, CW: Curd weight per plant, MY:

Marketable Yield, DM: Dry Matter, TSS: Total Soluble Solids, TA: Total Acidity

As seen in Table 1, plant heights decreased with the
increasing NaCl doses, and stunting effect was

emerged on the plants. This effect was observed mainly
upon the increasing of salt dose to the level of 4 dS-m-
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1, HA applications have impacted plant height
positively contrary to the NaCl applications, and it has
been detected that 1g-kg! and 2 g-kg?! applications
have had similar impacts on the plant height. When
the NaCl x HA interaction is taken into account, it can
be understood that the adverse effect of NaCl (control,
2 dS'm’!, and 6 dS'm'?) on plant height could partially
be tolerated by HA. Meganid et al. (2015) obtained
similar results in a study they conducted on bean. The
researchers reported that they found significant
increases in the heights of seedlings on which salt
stress was applied with humic acid application.

In this study, the relationships between NaCl and HA
applications, and curd heights of cauliflower were
examined. Also, as seen in Table 1, the impact of NaCl
x HA interaction on curd heights was found significant.
Cauliflower curd height showed an increase until 2
dS'm! salt concentration, and decreased with
increasing salt concentrations above this level
significantly. The positive impact of HA applications
was mostly shown in 2 and 4 dS'm salt applications.
As compared 1 and 2 g'kg'l HA applications, the impact
of 2 g-kgl HA application on curd height was higher
even though the difference was small (Table 1). In spite
of that, any impact of HA application could not be
found in high salt concentrations (6 and 8 dS-m1 NaCl).

Head diameter of cauliflower showed a significant
change depending on the NaCl application and the
highest diameter was obtained from the control and 2
dS-mdoses. As the salt concentrations increased, curd
diameter decreased at a statistically significant
amount and smaller heads were harvested. When the
NaCl x HA interaction is examined, it can be observed
that the losses in curd diameters of the plants in the
control group and 4 dS m! salt application group could
partially be tolerated with adding HA into the
plantation medium, and 1 g'kg! and 2 gkg! HA
applications had similar effects. However, the positive
effect of HA was not observed in 2, 6 and 8 dS'm! salt
doses (Table 1). The researchers optained similar
results in a previous study on pepper (cv. Demre), and
they emphasized that HA application was an effective
and cheap method in reducing the negative effects that
emerge under moderate saline conditions (Cimrin et al.
2010).

The effect of the NaCl application on curd weight
become statistically significant and the highest values
were observed in the control and 2 dS-m! applications.
When the salt dose was increased to 4 dS'm’l, a
decrease in the curd weight began and the weight
decreased at higher rates as the salt doses increased.
The impact of the NaCl x HA interaction was found
significant. In the control, 2 dS'm* and 4 dS'm* NaCl
applications, positive effects of the HA added the soil
were observed. In other words, heavier cauliflower
curds were obtained by the HA that was added in the
plantation medium. Especially, the impact of 2 g-kg?

HA application was found higher. However, any
impact of the HA applications with high salt doses (6
and 8 dS'm'?) could not be detected (Table 1). Karungi
et al. (2010) reported that humic substance application
increased growth in cauliflower, cabbage, and tomato
plants. Also, Verma et al. (2014) reported that the
physical characteristics of cabbage heads improved
and yield per head could be increased by adding humic
acid.

The yield decreased gradually depending on the
increasing salt doses, and the yield reached the lowest
level at the highest salt dose. However, cauliflower
yield was not affected by low salt doses (control and 2
dS'm) and the highest yield was detected at these
applications. Ehret and Ho (1986) reported similar
findings with our research. The researchers reported
that increasing salt concentration of irrigation water
decreased the water intake of cauliflowers, and
resulting a loss in curd yield. Giuffrida et al. (2017)
revealed that 4 dS-m! salt applications in cauliflower
(cv. Conero) decreased the yield conspicuously. On the
other hand, many researchers indicated that humic
acid may be an effective tool in decreasing soil salinity
levels and improving salt tolerance under moderate
salt conditions (Machado and Serralheiro 2017).
Indeed, it was proved that humic acid applications
reduced the impact of salinity in strawberries, peppers,
and corns under saline conditions (Masciandaro et al.
2002; Pilanali and Kaplan 2003; Turkmen et al. 2004).
When NaCl x HA interaction were examined, HA
applications increased the yield in salt-free conditions,
2 dS'mtand 4 dS'm salt concentrations. When 1 and
2.0 g'’kg’! HA applications were compared, higher yield
was obtained from 2 g-kgl! HA application. It was
observed that these positive effects of HA applications
on yield lost at high salt concentrations (6 dS'mand 8
dS'm) (Table 1).

The impact of NaCl application on the dry matter in
cauliflower was significant and in general, increase in
salt concentrations also increased the amount of dry
matter. Six dS-m'! salt levels have been the application
with the highest amount of dry matter. Positive impact
of salinity on the amount of dry matter was also stated
in the studies conducted on melons, peppers, tomatoes,
and cucumbers. However, De Pascale et al. (2015)
reported that salinity also increased the amounts of
acid and brix in these fruits. When the values of NaCl
x HA interaction were taken into account; it was
observed that the amount of dry matter at 6 dS-m1 salt
dose reached the highest with HA applications (1 g-kg"
land 2 g-kg1). Similarly, HA applications increased the
amounts of dry matter of the plants that salt was not
applied, and positive effects of the HA applications
occurred at lower rates in the 4 dS-m! application. In
spite of that, it was observed that this positive impact
of HA disappeared at the high salt concentration (8
dS'm1). That the effects of 1 g-kg! and 2 g-kg! HA
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applications on the amount of dry matter are similar
can also be seen in Table 1.

Rouphael et al. (2012) reported that salinity had some
positive effects on some quality characteristics in
vegetables. Giuffrida et al. (2017) detected that
increasing salinity enhanced dry matter of curd, total
soluble solids and acid values in a study they
conducted on cauliflower. In also our study, it was
determined that the amounts of total soluble solids
increased significantly with increasing salt doses. The
highest amount of total soluble solids was obtained
from the 6 dS'‘mapplication in cauliflowers. According
to the results of the variance analysis, the impact of
the interaction effect on the amount of total soluble
solids was not significant (Table 1).

In the research, depending on the increasing salt
concentrations, acid contents of cauliflower curds
increased significantly and the highest content was
found in 8 dS‘m salt dose. The impact of the NaCl x
HA interaction on the acid content was found
insignificant. This result shows that HA that is added
into the plantation medium does not have any positive
or negative impact on the acid contents of curds (Table
1.

CONCLUSIONS

The yield and curd growth was affected negatively by
salt (<2 dS'm™) in cauliflower. It was understood from
the research results that these negative effects could
partially be reduced with humic acid applications. The
salt concentrations that increased in the plantation
medium affected curd quality of cauliflower positively.
These positive effects increased more after more of
humic acid added into the growth medium. However,
these positive effects of humic acid were observed at
low and moderate salt concentrations (>4 dS‘m). Any
positive impact of HA application was not observed at
higher salt concentrations.

REFERENCES
Abd ElI-Alll HM, and Mohammed YA 2014.
Improvement salt tolerance of broccoli and

cauliflower by adding magnetic iron and seamino
and the reflection of this on yield and sulforaphane
content under sinai conditions. Journal of Applied
Sciences Research,10(1):22-31.

Anonymous 1986. National canners association
laboratory manuel, Food Canners and Processors,
AVI Publishing Co., Westport, CT.

Asik BB, Turan MA, Celik H, Katkat AV 2009. Effects
of humic substances on plant growth and mineral
nutrients uptake of wheat (7riticum durum cv.
Salihli) under conditions of salinity. Asian Journal
of CropScience, 1(2):87-95.

Chen Y and Aviad T 1990. Effect of humic substances
on plant growth, pp. 161-187. In: Mac Carthy P,
C.E. Clapp, R.L. Malcolm, and P.R. Bloom (eds).

Humic substances in soil and crop sciences:
Selected reading. Soil Science Society America,
Madison, WI.

Cimrin M, Turkmen O, Turan M and Tuncer B 2010.
Phosphorus and humic acid application alleviate
salinity stress of pepper seedling. African Journal
of Biotechnology, 9(36):5845-5851.

De Pascale S, Maggio A, Orsini F, Stanghellini C and
Heuvelink E 2015. Growth response and radiation
use efficiency in tomato exposed to short-term and
long-term salinized soils. Sci. Hortic., 189:139-149.

Dolarslan M and Gul E 2012. Soil plant interaction in
regard to salinity. Turkish Journal of Scientific
Reviews, 5(2):56-59.

Ehret DL and Ho LC 1986. The effects of salinity on
dry matter partitioning and fruit growth in
tomatoes grown in nutrient film culture. J.
Hort.Sci., 61: 361-367.

Gerzabek MH and Ulah SM 1990. Influence of fulvic
and humic acids on Cd and Ni tokxicity to (Zea
mays L.). Boden Cultur, 41(2):115-124.

Giuffrida F, Cassaniti C, Malvuccio A and Leonardi C
2017. Effects of salt stress imposed during two
growth phases on cauliflower production and
quality. Sci. Food Agric., 97:1552-1560.

Gumuzzio J, Polo A, Diaz MA and Ibanez JJ 1985.
Ecological aspects of humification in saline soils in
central Spain. Reuved Ecologie el de Biologic du Sd.,
22(2):193-203.

Karungi J, Kyamanywa S and Ekbom B 2010. Organic
soil  fertility amendments and tritrophic
relationships on cabbage in Uganda: Experiences
from on-station and on-farm trials. African Journal
of Agricultural Research, 5(21):2862-2867.

Kotuby J, Koenig R and Kitchen B 1997. Salinity and
plant tolerance. Utah State University Extension.
AG-S0-03, Uintah, Utah.

Machado RMA and Serralheiro RP 2017. Soil salinity:
Effect on vegetable crop growth management
practices to prevent and mitigate soil salinization.
Horticulturae, 3(30):1-13.

Masciandaro G, Ceccanti B, Ronchi V, Benedicto S and
Howard L 2002. Humic substances to reduce salt
effect on plant germination and growth.
Communications in Soil Science and Plant
Analysis, 33:365-378.

Meganid AS, Al-Zahrani HD and El-Metwally MS
2015. Effect of humic acid application on growth
and chlorophyll contents of common bean plants
(Phaseolus vulgaris L.) under salinity. Int. J. Innov.
Res. Sci. Eng. Technol., 4(5):2151-2260.

Miceli A, Moncada A and D‘Anna F 2003. Effect of salt
stress in lettuce cultivation. Acta Horti., 609:371-
375.

Noshadi M, Fahandej S and Sepaskhah AR 2013.
Effects of salinity and irrigation water management
on soil and tomato in drip irrigation. International
Journal of Plant Production, 7(2):1735-8043.



KSU Tarim ve Doga Derg 22(6): 000-000, 2019

Arastirma Makalesi/Research Article

Pilanali N and Kaplan M 2003. Investigation of effect
on nutrient uptake of humic acid applications of
different forms to strawberry plant. Journal of
Plant Nutrition, 26:835-843.

Rouphael Y, Cardarelli M, Lucini L, Rea E and Colla G
2012. Nutrient solution concentration effects
growth, mineral composition, phenolic acid and
flovanoids in leaves of artichoke and cardoon.
HortScience, 47:1424-1429.

Snapp SS, Shennan C and Bruggen AV 1991. Effects
of salinity on severity of infection by Phytophthora
parasitica Dast., ion concentrations and growth of
tomato, Lycopersicon esculentum Mill. New
Phytol., 119:275-284.

Tigchelaar EC 1986. Tomato breeding, pp. 135-170. In:
Basset, M.J. (ed.). Breeding vegetables crops, AVI

publishing Company,Westport, CT. pp. 135-170.

Turkmen O, Dursun A, Turan M and Erdinc C 2004.
Calcium and humic acid affect seed germination,
growth and nutrient content of tomato
(Lycopersicon esculentum L.) seedlings under
saline  soil conditions. Acta Agriculturae
Scandinavica, Section B-Plant Soil Science,
54(3):168-174.

Verma R, Maurya BR and Meena VS 2014. Integrated
effect of bio-organics with chemical fertilizer on
growth, yield and quality of cabbage (Brassica
oleracea var. capitata). Indian Journal of
Agricultural Sciences, 84:914-919.

Vural H, Esiyok D and Duman I 2000. Vegetables
Crops. Bornova/lzmir/Turkey, Egean University
Press, p. 440.



KSU Tarim ve Doga Derg 22(6): 843-850, 2019
KSU J. Agric Nat 22(6): 843-850, 2019
DOI:10.18016/ksutarimdoga.vi.548626

Impact of Cadmium and Lead Heavy Metal Stress on Plant Growth and Physiology of Rocket
(Eruca sativa L.)

Ertan YILDIRIM!, Melek EKINCI2* (0, Metin TURAN3(), Giileray AGAR4(), Selda ORS?
Atilla DURSUNS62 | Raziye KUL7, Tayfun BALCIS

12678Atatiirk University, Faculty of Agriculture, Department of Horticulture, Erzurum, 3Yeditepe University, Faculty of Engineering and
Architecture, Department of Genetics and Bioengineering, Istanbul, Atatiirk University, Faculty of Science, Department of Biology, Erzurum,
5Atattirk University, Faculty of Agriculture, Department of Agricultural Structures and Irrigation, Erzurum
thttps://orcid.org/0000-0003-3369-0645, 2https://orcid.org/0000-0002-7604-3803, 3https://orcid.org/0000-0002-4849-7680,
4https://orcid.org/0000-0002-8445-5082, Shttps://orcid.org/0000-0001-6789-8642, https://orcid.org/0000-0002-8475-8534,
Thttps://orcid.org/0000-0002-5836-6473, https://orcid.org/0000-0002-8255-6760

P<: ekincim@atauni.edu.tr

ABSTRACT Research Article

This study was conducted to evaluate the influence of cadmium (Cd)

(0, 100, 150 and 200 mg kg) and lead (Pb) (0, 1000, 1500 and 2000  Article History

mg kg!) on morphological, physiological and biochemical responses of Received  :03.04.2019
rocket (Eruca sativa L.) in greenhouse conditions. Plant growth, some Accepted  :16.05.2019
physiological (membrane permeability, relative water content, stomal

conductance, etc.) and biochemical (antioxidant enzyme activity, Keywords

proline and sucrose content) parameters of rocket plants were altered Rocke?:

with Cd and Pb levels. The Cd and Pb content in rocket increased with Cadmium

elevated concentration. Both Cd and Pb stress conditions negatively Lead

affected plant growth, photosynthetic activity and chlorophyll content. Planif gI‘O\thh ..
The negative effect of heavy metals elevated with increased doses of Physiological characteristics
Cd and Pb. The treatment of Cd and Pb significantly elevated

antioxidant enzyme activities. Furthermore, the heavy metal stressed

plants had more malondialdehyde (MDA), hydrogen peroxide (H202),

proline and sucrose as compared to control plants. This study

indicated that rocket plants developed defense mechanisms by

regulating enzyme activity and osmolyte accumulation against heavy

metal stress.

Kadmiyum ve Kurgun Agir Metal Stresinin Rokada (Fruca sativa L.) Bitki Biiyiimesi ve Fizyolojisi
Uzerine Etkisi

OZET Aragtirma Makalesi

Bu ¢alisma, sera kosullarinda kadmiyum (Cd) (0, 100, 150 ve 200 mg

kg!) ve kursunun (Pb) (0, 1000, 1500 ve 2000 mg kg!) rokada (Eruca Makale Tarihgesi

sativa L.) morfolojik, fizyolojik ve biyokimyasal tepkiler iizerine Gelis Tarihi - 03.04.2019
etkilerini belirlemek amaciyla yapilmistir. Roka bitkilerinin biiytime, Kabul Tarihi ©16.05.2019
baz1 fizyolojik (membran gecirgenligi, nisbi su icerigi, stoma

iletkenligi vb.) ve biyokimyasal (antioksidan enzim aktivitesi, prolin Anahtar Kelimeler

ve sukroz icerigi) parametreleri agir metal stres kosullari altinda Roka .

degismigtir. Rokanin Cd ve Pb icerigi yluksek konsantrasyonla Kadmiyum

artmigtir. Hem Cd hem de Pb stres kosullari bitki blUyumesini, Kursun . .

fotosentetik aktiviteyi ve klorofil icerigini olumsuz etkilemigtir. Agyr ~ Ditki biytimesi
Fizyolojik 6zellikler

metallerin negatif etkisi artan Cd ve Pb dozlar1 ile daha fazla
olmustur. Cd ve Pb uygulamalar1 antioksidan enzim aktivitelerini
onemli 6l¢iide artirmistir. Ayrica, agir metal stresli bitkilerde, kontrol
bitkilerine kiyasla daha fazla malondialdehit (MDA), hidrojen
peroksit (H202), prolin ve sukroz bulunmustur. Bu calisma, roka
bitkilerinin enzim aktivitesini ve osmolit birikimini diizenleyerek agir
metal stresine karsi savunma mekanizmalari gelistirdiklerini
gostermigtir.

To Cite: Yildirnm E, Ekinci M, Turan M, Agar G, Ors S, Dursun A, Kul R, Balei1 T 2019. Impact of Cadmium and Lead Heavy
Metal Stress on Plant Growth and Physiology of Rocket (Eruca sativa L.). KSU J. Agric Nat 22(6): 843-850. DOI:
10.18016/ksutarimdoga.vi.548626.
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INTRODUCTION

The ecological pollution emerged by industrialization
has caused contamination of soil and water resources.
This situation reached dangerous levels in many
countries in all the world (Robinson et al., 2001). High
heavy metal (Cd*2, Pb*2, Zn*2, etc.) concentrations in
agricultural areas were determined to be toxic and the
situation is defined as heavy metal stress. Heavy metal
accumulation in soils can cause many environmental
and human health problems, including microbial
activity, soil fertility, biodiversity and yield losses in
crops, and even poisoning in foodstuffs. Heavy metals
are considered to be one of the most dangerous
substances in the environment (Vanh and Yazgan,
2008). Heavy metals can stay in dangerous densities in
ecosystems by moving around food chains. Continuous
and usage-related contamination causes a
considerable amount of heavy metal content and
density in the environment (Okcu et al., 2009).

Heavy metal stress conditions negatively influence
plant growth, yield and productivity. These adverse
effects occur by affecting the metabolic, physiological
and biochemical characteristics in plants. Yield and
quality losses are observed in plants grown in
industrial areas contaminated with industrial
wastewater. It also accelerates aging by reducing
photosynthetic activity in the plant. Due to heavy
metals, plant roots are usually shortened, thinner or
less developed, and in high concentrations cases
resulting plants to die (Sakli, 2011).

Heavy metal stress promotes free radical formation,
damaging plant tissues and causing oxidative damage
in plants. Metal stress leads to producing excessively
reactive oxygen species (ROS) that are unstable and
harmful to cells and lead to oxidative injury. Excessive
amounts of ROS damage nucleic acids, lipids, and
proteins. Plants ameliorate different defense
mechanisms to prevent from these damages due to
heavy metals. These defense mechanisms include
plant chelates and antioxidative defense systems with
a low molecular weight, thiol-containing and metal-
binding polypeptide class. The plants have various
antioxidant molecules (ascorbate, glutathione, ao-
tocopherol) and enzymes (SOD, POD and CAT), which
protect themselves against oxidative damage.
Antioxidant enzymes have a major role in the defense
mechanism developed to heavy metal stress in plants
(Unalan, 2010; Ahmad et al., 2017).

The most severe poisonous heavy metals were reported
as Cd, Pb and Hg (Okcu et al., 2009). Cd and Pb are
dangerous metals, which has a high mobility and
negative effects on the plants and all living organisms
even at low concentrations (Needleman et al., 1990).
Cd can enter the body via the food chain and can lead
to health problems (Hassan et al., 2008). Tolerances of
plants to heavy metal stress may differ depending on
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the crop, type of the heavy metal and the duration of
exposure to stress. Thus, the type and concentration of
heavy metals was reported to be very important on life
events in plants (Asri and Sonmez, 2006).

The rocket (Eruca sativa L. is grown mostly in
Mediterranean countries and is consumed extensively
as a source of nutrition, an aphrodisiac and a medicinal
herb. Rocket also is rich in glucosinolates, flavonoids
and phenolics, which have antioxidant and anticancer
characteristics and are associated with reduced risk of
cardiovascular and cognitive disease (Maia et al.,
2015). Zhi et al. (2015) stated that rocket plant can be
tolerant or moderately tolerant to copper, mercury,
chromium, and cadmium, and highly tolerant to lead,
nickel and zinc.

There are several studies investigating the influences
of Cd and Pb on rocket growth yet, they are limited in
details. The present study was conducted to determine
the threshold values of rocket in different doses of both
Cd and Pb regarding to plant growth, physiology and
biochemical characteristics.

MATERIALS and METHODS
The study was conducted in greenhouses of Atatiirk
University, Plant Production Application and

Research Center. Rocket (Eruca sativa cv Bengi) was
used as plant material.

The Experiment Set up

Seeds were planted in 2-liter pots filled with a ratio of
2:1: 1 (v: v: v) of soil: sand: manure having around 1.30
g cm3 bulk density. After the seedling emergence, four
plants similar in size were left in each pot. The soil
moisture in the pots was controlled and irrigated to
reach the field capacity as needed. The fertilization
was done by using chemical fertilizer to be 250 kg ha'!
N, 200 kg ha'! P205 and 150 kg ha'! K20 (Esiyok, 2012).

Heavy Metal Applications

In the experiment, 2 pollutants (PbNOs and
CdS04.8H20) x3 replications x 5 plants were repeated
in a total of 120 pots. For heavy metal stress, various
levels of Cd (0, 100, 150 and 200 mg kg'?) and Pb (0,
1000, 1500 and 2000 mg kg!) were mixed into the
medium and watered to the field capacity and allowed
to incubate for 3 weeks. After this period, rocket seeds
were sown. Experiments were completed 50 days after
the planting and fresh and dry weights of leaf and root
and number of leaf were recorded.

Chlorophyll Content (SPAD)

The chlorophyll content was detected by the SPAD-502
chlorophyll meter (SPAD-502, Konica Minolta
Sensing, Inc., Japan).
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Leaf Area

The plant leaf area in each application was measured
using a leaf area meter (LICOR, Model: LI-3100,
Lincoln, NE, USA).

Membrane Permeability (MP)

A sign of damage caused by plant stress in leaf tissue
and especially in cell membranes is the electrical
conductivity measurements measured in wet leaf
tissues. For this purpose, discs taken from the most
recently developed leaves of 2 plants randomly selected
from each replicate (1 cm in diameter) were put in
glass bottles containing 20 ml of ultrapure water and
shaken for 24 hours in the shaker and then the
electrical conductivity of the wetting water was
determined (EC1). Glass bottles were kept in an
autoclave at 121 °C for 20 minutes, after which
complete destruction of cells and tissues was achieved,
followed by a second measurement (EC2). The
membrane permeability values were calculated by
calculating the ratio between EC1/ EC2.

Relative Water Content (RWC)

Relative water content (RWC) was determined
according to Gonzalez and Gonzalez-Vilar (2001).

Photosynthetic Parameters

Photosynthetic rate (Pn), stomatal conductance (gs),
transpiration rate (Tr), and intercellular COq
concentration (Ci) were measured on the third fully
expanded upper leaves. The measurements were done
by using a portable Li-Cor 6400 Photosynthesis
System (LI-COR, Lincoln, USA) between 10:00 and
1:00 pm on a sunny day (Ors et al., 2016).

MDA and H20:2

MDA and H202 concentration were determined
according to Liu et al. (2014).

Sucrose

The sucrose content was determined by using the
method of Wu et al. (2011).

Proline

Proline concentration of the samples was determined
at 520 nm by a spectrophotometer (Man et al., 2011).

Cd and Pb Analysis

The leaves of the rocket were dried at 68°C for 48 h and
grounded. Cd and Pb content was analyzed by a
coupled plasma spectrophotometer (Optima 2100 DV;
Perkin-Elmer, Shelton, CT) (Helrich, 1990).

Antioxidant Activity

Assays of antioxidant enzyme activity were performed
according to Liu et al. (2014).
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Statistical Analysis

The experiment was a randomized plot design with
three replications. The data obtained from the
experiment were analyzed by using SPSS 18 package
program and the means were compared by Duncan
multiple comparison test (SPSS Inc., 2010).

RESULTS and DISCUSSION

In our experiment, heavy metal applications had a
negative effect on plant growth characteristics in
rocket (Table 1). The exposure of the rocket to Cd and
Pb stress considerably resulted in reduced growth. The
fresh and dry weights of shoots and roots were
significantly lowered with the elevation of Cd and Pb
concentration. Overall, 200 mg kgt Cd and 2000 mg kg
1 Pb significantly inhibited the growth of the rocket
plant. The leaf fresh weight, leaf dry weight, root fresh
weight and root dry weight at 200 mg kg! Cd
drastically reduced by 44.7, 51.4, 27.8 and 36.8% as
compared to the control, respectively. Similarly, 2000
mg kgl Pb treated plants had 60.9, 56.8, 40.5 and
63.2% lower in leaf fresh weight, leaf dry weight, root
fresh weight and root dry weight, respectively, than
the control (Table 1). Root growth inhibition in plants
is one of the most important symptoms of Cd and other
heavy metals (Kim et al., 2007; Groppa et al., 2008).
Many researchers reported earlier that heavy metals
have an unfavorable impact on plant growth and have
undergone oxidative damage by disrupting metabolism
in plants (Schiitzendiibel et al., 2001; Benavides et al.,
2005; Gratao et al., 2005). The decline in growth due to
cadmium application was explained by cadmium
interaction with important metabolic factors such as
photosynthesis, transportation of photosynthetic
outputs and nutrients in plants (Igbal et al., 2010).

We also found that Cd and Pb treatments caused
reduce on leaf number, leaf area and SPAD values
(Table 2). The similar result reported by Opeolu et al.
(2010) showing that leaf number and plant height of
tomato were adversely affected by Pb applications. In
our study, we observed heavy metal treatments caused
chlorosis in rocket plants. A decrease in cadmium-
induced chlorophyll concentration was shown in barley
(Stobart et al., 1985), beans (Padmaja et al., 1990),
cucumber (Chugh and Sawhney, 1999), corn and wheat
(Zhao, 2011). Similarly, it has been reported that Cd
toxicity causes chlorosis, leaf curling and stunting
(Moreno et al., 1999; Emamverdian et al., 2015). Heavy
metals have been reported to prevent cell division and
elongation (Karcz and Kurtyka 2007). Cd stress leads
to reduce the concentration of chlorophyll, which is
related to the inhibition of chlorophyll biosynthesis
(Malik et al., 1992; Vassilev and Yordanov, 1997;
Drazkiewicz and Baszynski, 2005). Furthermore, the
low chlorophyll concentration due to Cd application
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Table 1. Effects of heavy metal applications on some plant growth characteristics in rocket plants

Treatments Stem diameter Leaf fresh Leaf dry weight Root fresh Root dry weight
mg kgl (mm) weight (g plant?) weight (g plant?)
(g plant) (g plant?)

Control 3.61 a* 8.56 a 1.11a 1.92 a 0.19 a

Cd 100 2.85 be 5.67 b 0.64 bc 1.59b 0.15¢

Cd 150 2.77c 4.96 c 0.59 cd 1.53 b 0.13d

Cd 200 2.48d 4.73 d 0.54 cd 1.40¢ 0.12e

Pb 1000 2.89b 561D 0.76 b 1.50 b 0.18b

Pb 1500 2.81 be 4.08 e 0.49d 0.84 d 0.09f

Pb 2000 2.58d 3.35f 0.48d 0.66 e 0.07¢g

*: The means marked with different lower case in same column differ meaningfully (P < 0.001)

Table 2. Effect of heavy metal applications on leaf number, SPAD, leaf area, MP and RWC in rocket plants

Treatments Leaf number Chlorophyll Leaf area cmz MP RWC
mg kg'! no plant’! SPAD plant’! % %
Control 9.60 a* 53.07 a 8.10 a 43.99 e 80.17 a
Cd 100 7.74 b 51.20 a 7.13b 49.39d 74.40 b
Cd 150 7.58 b 45.87Db 6.23 c 64.45b 71.30 c
Cd 200 7.23 b 44.87b 5.11e 68.56 a 66.72 d
Pb 1000 6.69 b 51.93 a 7.02 b 48.88 d 71.41c
Pb 1500 6.37b 50.74 a 6.37c 58.37 c 65.38 de
Pb 2000 6.76 b 46.23 b 5.62 d 63.55 b 63.09 e

*: The means marked with different lower case in same column differ meaningfully (P < 0.001)

was associated with magnesium and iron lack (Greger
and Ogren, 1991). Indeed, we observed that Cd caused
a decrease in Fe and Mg amount in leaves and roots of
rocket plants (data not shown). Marshner (2012)
clarified that Cd can affect cell wall extension and cell
division, resulting in decreased growth. The most
important reason for excessive Cd doses to disrupt the
chlorophyll biosynthesis is the inhibition of
aminolaevulinic acid synthesis by the protocol of
chlorophyll reductase in chlorophyll biosynthesis (Asri
and Sonmez, 2011).

The influence of various Cd and Pb levels on the RWC
and MP of the rocket plants is shown in Table 2. Cd
and Pb applications dramatically increased the MP
and decreased the RWC. Metal toxicity may affect
membrane permeability, leading to a decrease in water
content. It is reported that Cd interacts with the water
balance (Costa and Morel, 1994). The decreased RWC
observed in our study can be caused by heavy metal-
stimulated reductions in hydraulic conductivity
(Ehlert et al., 2009). Similarly, earlier researchers
showed that heavy metal stress caused a reduction in
RWC of several crops (Manousaki and Kalogerakis,
2009; Ahmad et al., 2011). Our findings are in line with
Alyemeni et al. (2017) who indicated that Cd elevated
the MP in bean. Heavy metals lead to free radicals
production and leading oxidative degradation of
tilachoid membrane lipids, in such cases it is known
that chlorophyll destruction is increased and its
synthesis is prevented (Asri and Sonmez, 2011).

As the concentration of Cd and Pb increased,
photosynthetic parameters were adversely affected
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(Table 3). Krupa and Baszynski (1995) reported earlier
that heavy metals directly or indirectly affect the
photosynthetic process. Cd can also break down the
photosynthetic electron chain, causing to the
generation of Oz~ and 10s. Photosynthetic parameters
are adversely affected by Cd stress (Asada and
Takahashi, 1987; Alloway, 1995). Hasan et al. (2009)
determined that Cd had a detrimental impact on
photosynthetic activity by causing stomata to close.
Although the heavy metals are determined to affect
photosynthetic activity, Prasad (1999) reported that
Cd is the most important inhibitor of photosynthetic
activity. Similarly, Sharma and Dubey (2005) reported
that the amount of Pb taken into the plant limits the
photosynthesis, disrupts the balance of water and
minerals, and adversely affects the hormonal structure
and membrane permeability.

The present study showed that Cd and Pb treated
plants had more MDA and H:20: content than the
control plants (Table 4). Cd and Pb treatments caused
to oxidative stress because of enhanced lipid
peroxidation and H2Os2 content. The highest MDA and
H202 were obtained from the 200 mg kg! Cd
treatment. Lipid peroxidation is an indicator of
oxidative stress in plants. In this study, lipid
peroxidation level increased due to Cd and Pb
application. Metal phytotoxicity causes oxidative
stress by indirect mechanisms such as increasing the
formation of toxic oxygen derivatives and leading to
lipid peroxidation (Montillet et al., 2004). Cadmium
causes very important damages and oxidative stress in
plant metabolism (Gratao et al., 2005).
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Table 3. Effects of heavy metal applications on photosynthetic activity in rocket plants

Treatments Pn gs Ci Tr

mg kg'! mmol m2 g1 mmol m2 gl pmol mol! mmol m?2 g?
Control 9.10 a* 0.88 a 382.78 a 11.04 a

Cd 100 7.76 b 0.35d 342.78 b 8.73 c

Cd 150 7.34c 0.32 de 327.18 ¢ 8.10d

Cd 200 5.63 f 0.30 e 318.00 cd 6.74 e

Pb 1000 7.76 b 0.62Db 348.61Db 10.50 b

Pb 1500 6.90 d 0.52 ¢ 309.08 d 9.10 c

Pb 2000 6.52 e 0.49c 312.89d 8.63 c

*: The means marked with different lower case in same column differ meaningfully (P < 0.001)

Table 4. Effects of heavy metal applications on leaf number, SPAD, leaf ares, MP and RWC in rocked plants

Treatments MDA H20: Proline Sucrose
mg kg'! nmol g1 dry wt mmol kg-! ug gl fresh wt %
Control 4.49 e* 9.90d 145.64 d 32.82d
Cd 100 4.88 ¢ 10.59 ¢ 160.33 ¢ 36.54 ab
Cd 150 4.95 be 11.88 a 163.00 ¢ 37.81 a
Cd 200 5.21 a 11.48 a 182.37b 35.05 be
Pb 1000 4.70d 10.07 d 163.92 ¢ 34.51¢c
Pb 1500 4.89 c 11.06 b 218.99 a 38.08 a
Pb 2000 5.05b 11.03 b 222.21 a 35.97 be

*: The means marked with different lower case in same column differ meaningfully (P < 0.001)

The increase in lipid peroxidation due to Cd
application reported earlier in different crops, such as
peas (Dixit et al., 2001), cucumber (Zhang et al., 2002)
and corn and wheat (Zhao, 2011). Moreover, the onset
of lipid peroxidation was seen in bean under cadmium
stress (Lozano-Rodriguez et al., 1997).

Proline and sucrose content increased with heavy
metal treatments (Table 4). The greatest proline value
was observed in 2000 and 1500 mg kg! dose of Pb
treatments while the greatest sucrose values were in
1500 Pb and 150 Cd. Organic osmolytes such as proline
and sucrose improve the stress tolerance of plants
(Tester and Davenport, 2003).

Cd -tolerant plants have been reported to accumulate
compatible osmolytes. As observed in the present
study, Irfan et al. (2014) also showed that tolerant
cultivars of mustard had greater proline content than
sensitive ones in mustard under Cd stress conditions.
Zengin and Munzuroglu (2006) found similar
observations in sunflower. Moreover, it has been
known that the activity of proline synthesizing
enzymes could be stimulated under stress
environments (Jaleel et al., 2007). Emamverdian et al.
(2015) suggested that proline can give a role as protein
stabilizer under heavy metal stress.

The influences of the Cd and Pb treatments on SOD,
POD and CAT activity in rocket plants are shown in
Table 5. Cd and Pb treated plants sustained more
SOD, POD and CAT activity than the control (Table 5).
Plants activate enzymatic defense systems (SOD, APX,
GR, CAT, GPX etc.) under stress conditions. Abiotic
stresses conditions enhance ROS in cells that cause the
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damage of cellular homeostasis. The stimulation of
antioxidant enzymes by oxidative stress reflects an
overall strategy for dealing with stress (Foyer et al.,
1994). SOD, CAT and POD activities have been
suggested to lower the lipid peroxidation process in Cd
stressed sunflower plants (Gallego et al., 1996). Patel
et al. (2016) suggested that the antioxidant enzyme
activities, MDA, and proline production increased in
heavy metal stressed spearmint (Mentha spicata),
which was accordance with our results. Similarly,
Khavari-Nejad et al. (2013) stated that the phenol,
flavonoid, and proline content increased in basil with
increasing level of Cd.

Cd and Pb application into the growth medium
elevated the concentration of Cd and Pb in both leaves
and roots of rocket plants (Table 6). We found that Cd
content in the roots was much greater than in leaves.
Similar results were found by different authors (Salt et
al., 1997; Ozturk et al., 2003; Uraguchi et al., 2009).
Heavy metals have been mostly observed to
accumulate in the roots. Thus, roots are considered as
part of plants that occur toxification (Kabata-Pendias
and Pendias, 2001). Cannata et al. (2013) revealed that
Cd and Pb content elevated with increased doses of
these elements in root media. They also showed that
arugula roots had higher metal content than shoots.

CONCLUSION

Both Cd and Pb stress conditions had an adverse effect
on plant growth, photosynthetic activity, chlorophyll
content, and these effects more drastically occurred
when the concentration of two stress factors increased.



KSU Tarim ve Doga Derg 22(5): 843-850, 2019

Arastirma Makalesi/Research Article

Table 5. Effects of heavy metal applications on SOD, POD and CAT activity in rocket plants

Treatments SOD POD CAT

mg kgl EU g leaf ! EU gleaf ! EU gleaf !
Control 200.33d * 5715.00 b 145.67 e
Cd 100 216.67 ¢ 6639.67 a 191.00 b
Cd 150 211.67 ¢ 6705.33 a 190.67 b
Cd 200 236.67 a 6683.67 a 227.00 a
Pb 1000 222.67b 6725.33 a 159.67 d
Pb 1500 216.33 ¢ 6704.67 a 166.00 d
Pb 2000 204.33 d 6635.00 a 177.33 ¢

*: The means marked with different lower case in same column differ meaningfully (P < 0.001)

Table 6. Effects of heavy metal applications on Cd and Pb content in leaf and root of rocket plants

Treatments Leaf Cd Root Cd Leaf Pb Root Pb
mg kgl mg kg1

Control 0.32 d* 0.59d 0.93d 2.71d
Cd 100 0.74 c 1.68 ¢ 0.95d 2.73d
Cd 150 091b 2.14 Db 0.90d 2.65d
Cd 200 1.63 a 3.25a 0.83 e 2.66d
Pb 1000 0.29d 0.59d 1.56 ¢ 4.60 c
Pb 1500 0.28d 0.59d 2.16 b 6.90 b
Pb 2000 0.27d 0.61d 2.66 a 7.87 a

*: The means marked with different lower case in same column differ meaningfully (P < 0.001)

Cd was more impressive at lower doses than Pb.
However, rocket plants developed defense mechanisms
by regulating enzyme activity and osmolyte
accumulation against the Pb and Cd stress conditions.
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OZET Aragtirma Makalesi
Bu arastirmada Turkiye’de tescil edilmis bazi ekmeklik bugday ) )
¢esitlerinde tane verimi ile verim unsurlar: ve bazi kalite 6zellikleri Makale Tarihgesi

arasindaki 1iligkiler korelasyon ve path analizi kullanilarak Gelig Tarihi  :12.04.2019
incelenmigtir. Arastirma, 18 adet ticari ekmeklik bugday cesidi Kabul Tarihi :23.05.2019
kullanilarak, 2016-17 ve 2017-18 irin yillarinda tesadif bloklar: ;

deneme desenine gore 4 tekerriirli olarak Bolu ekolojik kosullarinda Anahtalj Kehfneler
yiritilmistir. Iki yilik verilere gére; tane verimi ile bitki boyu Ekmekhk_ bF‘gday
(0.755**) arasinda olumlu ve onemli, basaklanma siiresi (0.118), Dane verimi
basak uzunlugu (0.141), basakta basakcik sayis1 (0.210), basakta Korelasyqn .kat say1si
tane sayis1 (0.223), 1000 tane agirligi (0.015) ve gluten oram (0.274) Path analizi
arasinda ise olumlu iligkiler bulunmustur. Path analizi sonuglarina

gére; tane verimi Ttzerine bitki boyu (p= 0.8984, % 76.73),

basaklanma siiresi (p= 0.3935, % 21.53), basakta tane sayisi (p=

0.6048, % 29.33), hektolitre agirhg (p= 0.9446, % 41.06) ve gluten

oranmi (p= 0.4310, % 28.86) dogrudan ve yiiksek derecede olumlu,

basakta basakcik sayisi (p=-0.8489, % 38.04) ve protein oraninin (p=

-0.9257, %39.04) ise yiiksek, ancak olumsuz bir etki yaptig

saptanmistir. Bolu kosullarinda yapilacak islah ¢alismalarinda, tane

verimi ile olumlu iligkisi olan 6zelliklerin seleksiyon kriteri olarak

kullanilabilecegi sonucuna varilmigtir.

Path Coefficient and Correlation Analysis in Bread Wheat (Triticum aestivum L.) Varieties for Some
Agronomical Traits

ABSTRACT Research Article

In this study, the relationships among yield, yield components and

quality traits of some bread wheat varieties registered in Turkey Article History

were investigated using correlation and path coefficient analysis. Received - 12.04.2019
Eighteen commercial bread wheat varieties were used in a Accepted £ 23.05.2019

randomized complete block design experiment with four replications

at ecological conditions of Bolu in 2016-17 and 2017-18 cropping Iéeyv:iord;
seasons. Based on the two-years data, positive and significant read w e
Grain yield

relationship was found between grain yield and plant height (0.755
**) and a positive relationship was found among grain yield and
heading date (0.118), spike length (0.141), spikelet number per spike
(0.210), grain number per spike (0.223), 1000-grain weight (0.015)
and gluten content (0.274). According to the path coefficient analysis,
plant height (p = 0.8984, 76.73%), heading date (p = 0.3935, 21.53%),
grain number per spike (p = 0.6048, 29.33%), test weight (p = 0.94486,
41.06%) and gluten content (p = 0.4310, 28.86%) had direct and
positive effects, while spikelet number per spike (p = -0.8489,
38.04%) and protein ratio (p = -0.9257, 39.04%) had negative effects.
It was concluded that, yield components and quality traits that were
positively related with grain yield could be used as selection criteria
in breeding programs in Bolu conditions.

Correlation coefficient
Path analysis

To Cite : Gungér H, Dumlupinar Z 2019. Ekmeklik Bugday (Tr.{;z'cum aestivum L.) Cesitlerinde Bazi Tarimsal Ozellikler
Bakimindan Korelasyon ve Path Analizi. KSU Tarim ve Doga Derg 22(6): 851-858. DOL:
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https://orcid.org/0000-0001-6708-6337
https://orcid.org/0000-0003-3119-6926

KSU Tarim ve Doga Derg 22(6): 851-858, 2019

Arastirma Makalesi/Research Article

GIRIS

Bitkilerde yiiksek tane verimi ve kaliteli iirtin elde
etmek igin farkl kiltirel igslemler yapilmakla birlikte
basarida en biiyik etken cesit veya genotiptir. Bu
nedenle, tane verimi ve Kkalitede genotipik
iyilestirmeler yapmak i¢in ¢esitli 1slah programlar:
yurutilmektedir. Islah hedeflerine ulagabilmek igin,
tuzerinde calisgilan 6zelliklerin  birbirleriyle olan
iligkileri, birisinin digeri lizerindeki etkisi veya bir
diger oOzellik tlzerinden etkisi ¢ok iyi bilinmelidir
(Kurt Polat ve ark., 2015).

Bugday da yuksek tane verimi ve kalite yalnizca
yetistiriciligi yapilan boélgeye uygun olan cesitlerin
1slahina baglh olmamakla birlikte bunlarin yani sira
verim, verim unsurlari ve kaliteyi belirleyen
ozelliklerin kendi aralarinda dogrudan ve dolayh
iligkileriyle de alakali olabilmektedir. Korelasyon
katsayis1 sadece iki karakter arasindaki dogrudan
iligkiyi belirlemekte ve genellikle yapilacak olan 1slah
amacin1 yeterince desteklememekte olup buna baglh
olarak yapilan seleksiyon calismalarinda basar
sansinin  azalmasina sebeo olabilmektedir. Bu
nedenle, basarili bir 1slah programi i¢in, verim, verim
unsurlar1 veya kalite Ozellikleri arasinda olusan
dogrudan ve dolayli etkilesim derecelerinin
birbirinden ayrilmasi, ayrintili bir sekilde ortaya
konmas1 gerekmektedir. Path analizi 6zellikler
arasinda olusan dogrudan ve dolayh -etkilesimleri
ortaya koymaktadir. Bu analiz yontemi sayesinde
verim, verim unsurlar1 ve Kkaliteyi etkileyen
ozellikleri belirlemek oldukga kolaylasacaktir. Bir ¢ok
arastirmac1 degisik bitkilerde korelasyon ve path
analizini kullanarak tane verimi ic¢in Onemli
ozellikleri ve bu ozelliklerin dogrudan ve dolayh
etkilerini belirlemislerdir (Savur ve Ceyhan, 2011;
Khan ve ark., 2013; Ekinci ve Bagbag, 2015; Aykut
Tonk ve ark., 2017; Dogan ve ark., 2017; Glingor ve
ark., 2017).

Incelenen iki 6zellik arasindaki korelasyon katsayist,
path analiziyle belirlenen dogrudan etkiyle ayni veya

yaklagik bir deger ise, korelasyon katsayisinin bu iki
ozellik arasindaki iligskiyi aciklayabilecegi ve bu
degerin seleksiyon kriteri olarak
degerlendirilebilecegi bildirilmektedir (Kurt Polat ve
ark., 2015). Korelasyon katsayisinin pozitif ancak
path analizi sonucunda elde edilen dogrudan etki
degerinin olumsuz veya énemsiz olmasi durumunda
belirlenen dolayli etkilerin sadece o6zellikler arasi
iligkiler = korelasyonun sebebi olabilecegi aym
zamanda bu sekildeki dolayl etkilerin de birlikte g6z
ontinde bulundurulmasi gerektigi belirtilmigtir. Diger
taraftan, korelasyon katsayisinin negatif olmasi ve
path analizi sonucu elde edilen dogrudan etkinin
pozitif ve oOnemli olmasi durumunda; dogrudan
etkilerin kullanimini artirma segenegi Uzerinde
durulmali ve sinirlamalar istenmeyen dolayh etkiler
tizerinde uygulanmalidir. (Sidwell 1976; Sing &
Chaudhary 1977; Subhani & Khaliq 1994; Albayrak
2004; Kurt Polat ve ark., 2015).

Bu calisma; Bolu ekolojik kosullarinda, 18 adet
ekmeklik bugday cesidinde verim, verim unsurlar1 ve
kalite ozelliklerinin birbirleriyle olan iligkilerini,
Korelasyon ve Path Katsayis1i analizi araciligi ile
belirlemek amaci ile yUrttilmustir.

MATERYAL ve METOT

Aragtirmada llkemizde yaygin olarak ekilen 18 adet
ticari ekmeklik bugday c¢esidi (Lucilla, Glosa,
Masaccio, Flamura 85, Midas, Esperia, Ash,
Tekirdag, Krasunia odes’ka, Aldane, Rumeli,
Gelibolu, Pehlivan, Kate A-1, Selimiye, Bereket,
Koprii ve Saban) materyal olarak kullanilmigtir.
Denemenin yiritildigi Uriin yillarina ait iklim
verileri Cizelge 1’de verilmistir (Anonim, 2018). Buna
gore; uzun yillar ortalamasi yillik yagis miktar1 453
mm iken, arastirmanin birinci yilinda 365 mm, ikinci
yilinda 1ise 570.1 mm yagis gerceklesmigtir.
Aragtirmanmin  yapildigi yillara ve wuzun yillara
ortalama sicakliklar sirasiyla 7.5, 9.9 ve 8.6 °C olarak
tespit edilmigtir.

Cizelge 1. Deneme yillar1 ve uzun yillar ortalamasina ait bazi iklim verileri.

Ortalama
Aylar sicaklhik /
Yallar 1 Jiz 1 |2 3 FE 6 |7 Toplam yagis
Ortalama | 20162017 |51 27 <16 1.9 6.0 82 12.8 174 206 |75
Sicakhk  |2017-2018 |5.4 3.6 1.5 4.7 8.3 12.4 155 182 19.8 [9.9
C) Ugun Yillar |69 2.8 06 1.9 4.7 9.6 141 174 198 |86
2016-2017 |29.9 496 295 199 319 637 741 648 16 |365
Yagis (mm) [2017-2018 |58.4 66.8 46.1 296 1024 187 998  111.2 37.1 |570.1
Usun Yillar | 45.1 595 57.7 483  49.9 511 591 546 27.7 |453
Nisbi Nem |2016-2017 |72.9 866 176.1 1735 684 661 747 1733 658 |73
(%) 2017-2018 |80.9 81.9 815 79 70,9 633 764 731 712 |75.4
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Tarla denemeleri, 2016-2017 ve 2017-2018 yetistiricilik donemlerinde Bolu sartlarinda iki yil stre ile tesadif
bloklar1 deneme deseninde 4 tekerrirli olarak yurutilmistir. Ekim iglemleri birinci yil 10.11.2016 tarihinde,
ikinci y1l ise 14.11.2017 tarihinde elle yapilmistir. Bitki sikligi, 500 tane/m2, parsel alani ise 5 m? olacak sekilde
diizenlenmistir. Her iki y1lda da aym giibre formlarimi kullanarak ekimle birlikte 6 kg da! saf azot (N) ve 6 kg
da’! saf fosfor (P205) olacak sekilde ekim 6ncesi giibreleme yapilirken, kardeslenme déneminde 10 kg da! saf azot
(N) st giibre olarak uygulanmistir. Yabanci ot kontrolii kimyasal (Tribenuron-methyl % 75) yolla yapilmistir.
Hasat islemi, birinci yil 23.07.2017 tarihinde, ikinci yil ise 25.07.2018 tarihinde elle yapilmigtir. Arastirmada
bitki boyu, bagsaklanma siiresi, bagak uzunlugu, basakta basak¢ik sayisi, bagakta tane sayisi, bagsakta tane
agirligi, bin tane agirligi, hektolitre agirligi, protein orani, gluten orani ve tane verimine ait veriler incelenmigtir.
Arastirmada elde edilen iki yillik veriler TARPOPGEN istatistik analiz programinda korelasyon ve path
analizleri modiillerinde analiz edilmistir (Ozcan, 1999).

BULGULAR ve TARTISMA

Incelenen 6zelliklere iligkin korelasyon katsayilar: Cizelge 2’de verilmigstir. Elde edilen sonuclara gére; tane
verimi ile bitki boyu arasinda (0.755) pozitif, 6nemli iligki, tane verimi ile basaklanma siiresi (0.118), basak
uzunlugu (0.141), basakta basakcik sayis1 (0.210), basakta tane sayis1 (0.223), bin tane agirhigi (0.015) ve gluten
orani (0.274) arasinda olumlu ve énemsiz, tane verimi ile basakta tane agirhigi (-0.171), hektolitre agirhigr (-
0.250) ve protein orani (-0.305) arasinda olumsuz ve énemsiz iliski bulunmustur. Bitki boyu ile basakta basak¢ik
say1is1 (0.033), basakta tane sayis1 (0.010), bin tane agirhigi (0.119), hektolitre agirligi (0.005), protein orami
(0.001) ve gluten orani (0.061) arasinda pozitif ve énemli, bitki boyu ile basaklanma siiresi (-0.369), basak
uzunlugu (-0.008) ve basakta tane agirhigi (-0.104) arasinda negatif ve énemsiz iliski saptanmistir. Basaklanma
siiresi ile bagak uzunlugu (r= 0.445), basakta basakcik sayis1 (0.423), bagakta tane sayis1 (0.338) ve gluten orani
(0.182) arasinda pozitif ve dnemsiz, bagsaklanma siiresi ile basakta tane agirhig (-0.034), bin tane agirhig (-
0.028), hektolitre agirligi (-0.174) ve protein orani (-0.237) arasinda negatif 6nemsiz iligki hesaplanmistir.

Basak uzunlugu ile basakta basakcik sayisi (0.793) ve basakta tane sayis1 (0.667) arasinda pozitif, 6nemli iligki,
basak uzunlugu ile bin tane agirhig ile (0.117), hektolitre agirhigi (0.013), protein orani (0.002) ve gluten orani
(0.173) arasinda pozitif ve 6nemsiz, basak uzunlugu ile basak tane agirligi (-0.219) arasinda negatif énemsiz
iligki hesaplanmig, bagsakta basakcik sayis1 ile basakta tane sayisi (0.874) ve gluten oran (0.495) arasinda pozitif
ve 6nemli, bagsakta basakcik sayisi ile bin tane agirli (0.278) arasinda pozitif ve énemsiz, basakta basakcik sayisi
ile basak tane agirhig (-0.227), hektolitre agirhig1 (-0.087) ve protein orani (-0.126) arasinda negatif ve 6nemsiz
iliski hesaplanmistir. Basakta tane sayisi ile basak tane agirhigi (0.107), bin tane agirhig1 (0.268) ve gluten orani
(0.435) arasinda pozitif ve 6nemsiz, hektolitre agirlig1 (-0.077) ve protein orani (-0.127) arasinda ise negatif ve
énemsiz iliski hesaplanmistir. Bununla birlikte, bagak tane agirlig: ile bin tane agirlig1 (0.224), hektolitre agirlig:
(0.396) ve protein orani (0.365) arasinda pozitif ve 6nemsiz iligki tespit edilirken, gluten orani ile (-0.013) negatif
ve énemsiz bir iligki belirlenmistir. Ayrica, bin tane agirlig: ile hektolitre agirligi (0.506) ve gluten orani (0.617)
arasinda pozitif ve énemli, protein orani (0.457) arasinda ise pozitif ve 6nemsiz iliski saptanmis, hektolitre
agirhig ile protein orani (0.980) arasinda pozitif ve énemli, gluten orani (-0.014) arasinda ise negatif énemsiz
iligki, protein orami ile gluten orani (-0.039) arasinda negatif ve 6nemsiz iliski saptanmistir (Cizelge 2). Tane
verimi tzerine incelenen tarimsal 6zelliklerin etkileri yillar bazinda incelendiklerinde, bitki boyu her iki yilda da
pozitif ve onemli, bagsak uzunlugu, basakta basakc¢ik sayisi, basakta tane sayisi, bin tane agirligr ve gluten
oraninda ise denemenin her iki yilinda da pozitif ve 6nemsiz bir iliskinin oldugu saptanmistir (Cizelge 2).
Incelenen diger ozellikler arasinda ise, basak uzunlugu ile bagakta basakc¢ik sayisi ve basakta tane sayisi,
basakta bagsakcik sayisi ile basakta tane sayisi, hektolitre agirlig: ile protein orani arasinda ¢alismanin her iki
yil1 i¢inde pozitif ve énemli bir iliski saptanmigtir (Cizelge 2). Kara ve Akman (2007) tane verimi ile bitki boyu,
1000 tane agirhigi ve hektolitre agirhigi arasinda olumlu ve 6nemli, bagsak uzunlugu ile olumsuz ve 6neml,
basakta tane sayis1 ve basakta tane agirligi arasinda olumsuz ve 6nemsiz iligkiler saptamiglardir. Kurt Polat ve
ark. (2015) tane verimi ile bagakta tane sayis1 arasinda olumlu ve 6nemli, bitki boyu ve basakta tane agirhig
arasinda olumlu ve 6nemsiz, basak boyu ile olumsuz ve 6nemli, bagak¢ik sayis1 ve 1000 tane agirlig1 arasinda
olumsuz ve énemsiz iliskiler bulundugunu belirtmislerdir. Ayer ve ark. (2017) ise tane verimi ile bitki boyu,
bagakta tane sayis1 ve 1000 tane agirligr arasinda olumlu ve 6nemli, bagak uzunlugu ile olumlu ve 6nemsiz
iliskiler saptamiglardir. Bununla birlikte, Aykut Tonk ve ark. (2017) bitki boyu ile 1000 tane agirlig1 ve
hektolitre agirlhig1 arasinda olumlu iligkiler tespit etmiglerdir.

Calismada incelenen karakterlerin tane verimine olan dogrudan ve dolaylh etkileri path katsayilari ve degerleri
Cizelge 3’te gosterilmistir.
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Cizelge 2. Incelenen 6zelliklere ait korelasyon katsayilar:.

Ozellikler Yillar BB BS BU BBS BTS BTA BNTA HL PR GL
TV 2016-17 0.804** -0.073 0.191 0.186 0.195 -0.079 0.076 -0.092 -0.091 0.434
2017-18 0.594* 0.192 0.060 0.102 0.120 -0.166 0.011 -0.329 -0.386 0.024
Ortalama 0.755** 0.118 0.141 0.210 0.223 -0.171 0.015 -0.250 -0.305 0.274
BB 2016-17 -0.303 0.050 0.061 0.036 0.126 0.127 -0.045 -0.066 0.161
2017-18 -0.404 -0.013 0.062 0.012 -0.307 0.116  0.050 0.042 -0.045
Ortalama -0.369 -0.008 0.033 0.010 -0.104 0.119 0.005 0.000 0.061
BS 2016-17 0.343 0.341 0.290 0.020 -0.123 -0.062 -0.027 0.148
2017-18 0.527* 0.496* 0.398 0.056 0.165 -0.144 -0.166 0.232
Ortalama 0.445 0.423 0.338 -0.034 -0.028 -0.174 -0.237 0.182
BU 2016-17 0.661** 0.657** -0.028 0.048 -0.201 -0.231 0.208
2017-18 0.831** 0.667** -0.181 0.183 0.195 0.189 0.189
Ortalama 0.793** 0.667** -0.219 0.117 0.013 0.002 0.173
BBS 2016-17 0.894** -0.194 0.150 -0.272 -0.324 0.540%
2017-18 0.850** -0.046 0.257 0.066 0.093 0.313
Ortalama 0.874** -0.227 0.278 -0.087 -0.126 0.495*
BTS 2016-17 0.039 0.141 -0.338 -0.394 0.481
2017-18 0.247 0.304 0.144 0.159 0.287
Ortalama 0.107 0.268 -0.077 -0.127 0.435
BTA 2016-17 0.272 0.187 0.186 -0.175
2017-18 0.2563 0.441 0.443 0.290
Ortalama 0.224 0.396 0.365 -0.013
BNTA 2016-17 0.437 0.365 0.381
2017-18 0.449 0.514* 0.663**
Ortalama 0.506* 0.457 0.617**
HL 2016-17 0.990** -0.208
2017-18 0.979** 0.188
Ortalama 0.980** -0.014
PR 2016-17 -0.222
2017-18 0.276
Ortalama -0.039

** %1 diizeyinde 6nemli, * %5 dizeyinde 6nemli

BB: Bitki boyu, BS: Bagaklanma siiresi, BU: Bagsak uzunlugu, BBS: Bagakta bagak¢ik sayisi, BT'S: Bagakta tane sayisi, BTA:
Basakta tane agirlhigi, BNTA: 1000 tane agirligi, HL: Hektolitre agirligi, PR: Protein orani, GL: Gluten orani, TV: Tane verimi

Path katsayis1 analiz sonuclarina gore, arastirmada
incelenen 10 tarimsal ozelligin tane verimine
dogrudan etkileri belirlenmistir (Cizelge 3; Sekil 1).
Cizelge 3 incelendiginde path katsayisi degerleri ile
etki paylar1 yillara gore farklilik gostermigtir. Yillara
gore stabil olmayan durumlardan dolayr agiklamalar
iki  yillik  ortalamalar tzerinden yapilmigtir.
Calismada incelenen ozelliklerden tane verimine,
bitki boyu (P= 0.8984, % 76.73), basaklanma siiresi
(P= 0.3935, % 21.53), basak uzunlugu (P= 0.1351, %
8.58), basakta tane sayist (P= 0.6048, 29.33),
hektolitre agirhg (P= 0.9446, % 41.06) ve gluten
oran1 (P= 0.4310, % 28.86) olumlu yénde etki
yaparken, basakta basakcik sayis1 (P= -0.8489, %
38.04), basakta tane agirhgn (P= -0.2598, % 18.10),
1000 tane agirhg (P= -0.2850, %1395) ve protein
oranm1 (P= -0.9257, % 39.04) olumsuz yonde etki
yaptig1 tespit edilmigtir. Ayrica, tane verimi lizerine
yiksek ve olumlu dolayli etki bagsak wuzunlugu
izerinden bagakta tane sayis1 (P= 0.4032, % 25.62),
basakta basakgik sayisi tizerinden bagakta tane sayisi
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(P= 0.5289, % 23.70), basakta tane agirligi, bin tane
agirhgn  ve protein orani tuzerinden hektolitre
agirhgindan (P= 0.3741, % 26.06; P= 0.4780, %2340;
P= 0.9253, % 39.03) tespit edilirken, yiiksek ve
olumsuz dolaylh etki ise bagsak uzunlugu ve bagakta
tane sayis1 lizerinden basakta basakcik sayis1 (P= -
0.6735, % 42.80; P= -0.7423, % 36.00) ve hektolitre
agirlig1 tizerinden protein oranindan (P= -0.9069, %
39.42) hesaplanmistir. Path analizi ile ilgili daha énce
yapilan calismalar sonucunda; Kara ve Akman (2007)
tane verimine en yiksek dogrudan ve olumlu etkiyi
hektolitre agirligi ve 1000 tane agirligi 6zelliklerinin
yaptigini belirlemiglerdir. Gelalcha ve Hanchinal
(2013) tane verimi iizerine bitki boyunun énemli ve
dogrudan bir etkiye sahip oldugunu tespit ederken,
Suleiman ve ark. (2014) ise tane verimi tizerine 1000
tane agirligi ve basakta tane sayisi o6zelliklerinin
6nemli dogrudan etkiye sahip o6zellikler oldugunu
bildirmistir. Kurt Polat ve ark. (2015) basakta tane
sayis1 ve basakta tane agirhigi ozelliklerinin tane
verimine en yliksek dogrudan etkiyi yaptigini ve bitki
boyu, basak boyu ile 1000 tane agirlig1 6zelliklerinin
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Cizelge 3. Path analizi sonuglari.

Dolayl Etki Path Katsayis1 Etki Payi|Path Katsayisi Etki Payi | Path Katsayis1 Etki  Pay
(2016-17) (%) (2017-18) (%) (Ortalama) (%)
BB 0.8771 73.02 0.9062 69.66 0.8984 76.73
BS -0,0374 3.11 -0.1875 14.41 -0,1450 12.38
BU 0.0070 0.58 -0.0029 0.22 -0,0011 0.09
BBS -0,0435 3.62 -0.0308 2.36 -0,0278 2.37
BTS 0.0233 1.93 0.022 0.16 0.0061 0.51
BTA -0,0392 3.26 -0.0729 5.60 0.0269 2.30
BNTA -0,006 0.50 0.0014 0.11 -0,0338 2.88
HL 0.0420 3.49 0.0374 2.87 0.0051 0.43
PR -0,0725 6.03 -0.0529 4.06 -0,0003 0.02
GL 0.0532 4.42 -0.0066 0.50 0.0262 2.24
BS 0.1235 12.11 0.4645 28.47 0.3935 21.53
BB -0,2658 26.08 -0.3657 22.41 -0,3311 18.12
BU 0.0480 4.70 0.1147 7.03 0.0601 3.29
BBS -0,2439 23.93 -0.2462 15.08 -0,3593 19.66
BTS 0.1894 18.58 0.0754 4.61 0.2044 11.18
BTA -0,0063 0.62 0.0133 0.81 0.0088 0.4799
BNTA 0.0058 0.56 0.0020 0.12 0.0079 0.43
HL 0.0570 5.59 -0.1079 6.61 -0,1642 8.98
PR -0,0300 2.94 0.2079 12.74 0.2193 12.00
GL 0.0491 4.82 0.0338 2.07 0.0783 4.28
BU 0.1398 8.48 0.2179 14.83 0.1351 8.58
BB 0.0439 2.66 -0.0121 0.82 -0,0072 0.45
BS 0.0424 2.57 0.2446 16.65 0.1751 11.13
BBS -0,4727 28.69 -0.4125 28.09 -0,6735 42.80
BTS 0.4294 26.06 0.1264 8.61 0.4032 25.62
BTA 0.0088 0.53 -0.0429 2.92 0.0569 3.61
BNTA -0,0023 0.13 0.0023 0.1542 -0,0334 2.12
HL 0.1862 11.30 0.1455 9.91 0.0123 0.78
PR -0,2532 15.36 -0.2366 16.11 -0,0022 0.13
GL 0.0689 4.18 0.0275 1.87 0.0744 4.72
BBS -0,7155 30.56 -0.4963 36.72 -0,8489 38.04
BB 0.0533 2.27 0.0562 4.15 0.0294 1.31
BS 0.0421 1.79 0.2304 17.05 0.1665 7.46
BU 0.0923 3.94 0.1811 13.40 0.1072 4.80
BTS 0.5848 24.98 0.1611 11.92 0.5289 23.70
BTA 0.0606 2.58 -0.0108 0.80 0.0591 2.64
BNTA -0,0071 0.30 0.0032 0.23 -0,0793 3.55
HL 0.2516 10.74 0.0494 3.65 -0,0824 3.69
PR -0,3549 15.15 -0.1173 8.67 0.1163 5.21
GL 0.1787 7.63 0.0455 3.36 0.2133 9.55
BTS 0.6541 27.53 0.1895 13.90 0.6048 29.33
BB 0.0312 1.31 0.0105 0.76 0.0090 0.43
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BS 0.0358 1.50 0.1847 13.55 0.1330 6.44
BU 0.0918 3.86 0.1454 10.66 0.0900 4.36
BBS -0,6398 26.93 -0.4219 30.96 -0,7423 36.00
BTA -0,0122 0.51 0.0587 4.30 -0,0279 1.35
BNTA -0,0067 0.28 0.0038 0.27 -0,0764 3.70
HL 0.3128 13.17 0.1073 7.87 -0,0727 3.52
PR -0,4316 18.16 -0.1991 14.61 0.1180 5.72
GL 0.1593 6.70 0.0418 3.06 0.1877 9.10
BTA -0,3120 29.95 0.2373 15.01 -0,2598 18.10
BB 0.1102 10.58 -0.2783 17.61 -0,0931 6.48
BS 0.0025 0.24 0.0260 1.64 -0,0133 0.92
BU -0,0039 0.37 -0.0394 2.49 -0,0296 2.06
BBS 0.1389 13.34 0.0227 1.43 0.1931 13.45
BTS 0.0257 2.46 0.0468 2.96 0.0650 4.52
BNTA -0,0129 1.23 0.0031 0.19 -0,0639 4.45
HL -0,1732 16.63 0.3290 20.81 0.3741 26.06
PR 0.2041 19.59 -0.5556 36.15 -0,3375 23.52
GL -0,0579 5.56 0.0421 2.66 -0,0057 0.39
BNTA -0,0474 3.39 0.0124 0.79 -0,2850 13.95
BB 0.1118 8.00 0.1054 6.77 0.1065 5.21
BS -0,0151 1.08 0.0766 4.92 -0,0110 0.53
BU 0.0067 0.48 0.0399 2.56 0.0158 0.77
BBS -0,1071 7.67 -0.1275 8.19 -0,2362 11.56
BTS 0.0919 6.58 0.0577 3.70 0.1622 7.94
BTA -0,0848 6.07 0.0600 3.85 -0,0582 2.85
HL -0,4053 29.04 0.3353 21.54 0.4780 23.40
PR 0.3993 28.61 -0.6453 41.45 -0,4235 20.73
GL 0.1261 9.03 0.0964 6.19 0.2657 13.01
HL -0,9267 34.97 0.7469 32.08 0.9446 41.06
BB -0,0397 1.50 0.0454 1.94 0.0048 0.20
BS -0,0076 0.28 -0.0671 2.88 -0,0684 2.97
BU -0,0281 1.05 0.0425 1.82 0.0018 0.07
BBS 0.1943 7.33 -0.0328 1.40 0.0740 3.21
BTS -0,2208 8.33 0.0272 1.16 -0,0465 2.02
BTA -0,0583 2.20 0.1045 4.49 -0,1029 4.47
BNTA -0,0207 0.78 0.0056 0.23 -0,1442 6.26
PR 1,0843 40.92 -1.2287 52.77 -0,9069 39.42
GL -0,0688 2.59 0.0274 1.17 -0,0062 0.27
PR 1,0951 39.89 -1.2552 52.94 -0,9257 39.04
BB -0,058 2.11 0.0382 1.61 0.0003 0.01
BS -0,0034 0.12 -0.0769 3.24 -0,0932 3.93
BU -0,0323 1.17 0.0411 1.73 0.0003 0.01
BBS 0.2319 8.44 -0.0464 1.95 0.1067 4.50
BTS -0,2578 9.39 0.0301 1.26 -0,0771 3.25
BTA -0,0581 2.11 0.1050 4.43 -0,0947 3.99
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BNTA 0,0173 0.62 0.0064 0.26 -0,1303 5.49
HL 0,9175 33.42 0.7311 30.84 0.9253 39.03
GL 0,0734 2.67 0.0402 1.69 -0,0170 0.71
GL 0.3311 19.16 0.1455 13.11 0.4310 28.86
BB 0.1409 8.15 -0.0408 3.67 0.0547 3.66
BS 0.0183 1.06 0.1080 9.73 0.0715 4.78
BU 0.0291 1.68 0.0412 3.71 0.0233 1.56
BBS 0,3861 22.34 -0.1552 13.98 -0,4201 18.13
BTS 0.3147 18.21 0.0544 4.90 0.2634 17.63
BTA 0.0546 3.15 0.0687 6.19 0.0035 0.23
BNTA 0,0181 1.04 0.0082 0.73 -0,1757 11.76
HL 0.1924 11.13 0.1407 12.67 -0,0136 0.91
PR -0,2428 14.04 -0.3468 31.25 0.0365 2.44

BB: Bitki boyu, BS: Bagsaklanma stuiresi, BU: Bagak uzunlugu, BBS: Bagsakta basakeik sayisi, BTS: Bagakta tane sayisi, BTA:
Basakta tane agirligi, BNTA: 1000 tane agirligi, HL: Hektolitre agirlhigi, PR: Protein orani, GL: Gluten orani, TV: Tane verimi
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Sekil 1. On Tarimsal Ozellik; BB (1), BT (2), BU (3), BBS (4), BTS (5), BTA (6), BNTA (7), HL (8), PR (9), GL (10)
ve Etki Ettikleri Degisken TV (11) icin Path Diagram

tane verimini artirmada seleksiyon kriteri olarak
alinabilecegini bildirmistir. Aykut Tonk ve ark. (2017)
yaptiklar1 caligmanin iki yillik sonucuna gére tane
verimi uzerine dogrudan ve olumlu etkiye sahip
ozelligin hektolitre agirligr oldugunu bildirirken
Tabassum ve ark. (2018) basak boyu ve basakta
basakcik sayisi 6zelliklerinin seleksiyon kriteri olarak
kullanilabilecegini bildirmiglerdir

SONUC

Calisma sonucunda, ekmeklik bugdayda tane verimi
ile bitki boyu arasinda 6nemli ve olumlu, bagaklanma
stiresi, basak uzunlugu, basakta basakeik sayisi,
bagakta tane sayisi, 1000 tane agirlhigi ve gluten oram
arasinda olumlu ve 6nemsiz iligkiler belirlenmistir.
Yapilan path analizi sonucuna goére; tane verimine
dogrudan etkileri olumlu yénde olan bitki boyu,
bagaklanma siliresi, bagsak uzunlugu basakta tane
sayisi, hektolitre agirhign ve gluten orani1 gibi

857

ozelliklerin seleksiyon kriteri olarak
degerlendirilebilecegi diigiiniilmektedir. Ancak, tane
verimine olumsuz yonde dogrudan etkisi olan basakta
tane agirlig1 6zelliginin de bu yonde dikkate alinmasi
gerektigi disinulmektedir.
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OZET Aragtirma Makalesi

Nohut tariminda ekim sonrasi silindir ile topragin sikistirilmasi,

Tirkiye'nin bir¢cok boélgesinde yaygin olarak kullanilmaktadir. Bu Makale Tarihgesi

nedenle, bu c¢alismanin amaci, nohut tariminda ekim sonrasi Gelis Tarthi  :27.12.2018
uygulanan silindirin bask: seviyelerinin topragin bazi fiziksel Kabul Tarihi :16.05.2019
ozellikleri (topragin nem icerigi, sicakligl, penetrasyon direnci) ve .

bitki ¢ikis oranina etkisini belirlemektir. Bu amacla kullanilan diz Anahta.r.Ke.ln.neler

yiizeyli silindire su konularak, 6 farkli bask: seviyesi (0, 20, 26, 31, Tarla s1ln‘1d1r1.
37, 43 kPa) elde edilmistir. Ug tekrarlamali tesadiif bloklar1 deneme Bask seviyesi .
desenine gore yuriitilen calismada elde edilen verilerin analizi Penetrasyon direnci
sonucunda, baski seviyesinin artmasiyla topragin 0-15 cm Nohut
derinligindeki nem miktarinin énemli diizeyde arttigi, fakat toprak Cikis oranmi
sicakhiginda dustslerin meydana geldigi goézlemlenmistir. Toprak

derinligindeki artis ile penetrasyon direnci degerlerinin de artigi ve

15 cm derinlikten sonra uygulamalar arasindaki farkliligin istatiki

acidan 6nemli olmadig1 goriilmiuistur. En yiiksek ¢ikis orani, 20 ve 26

kPa’lik baski seviyelerinde belirlenmigtir. Sonug olarak, bitki ¢ikig

oranina etkisi yoniinden 20-26 kPa’lik baski seviyelerinin, deneme

alaninin iklim ve toprak kosullari i¢in uygun olabilecegini

soyleyebiliriz.

The Effect of Different Packing Levels Applied After Seeding in Chickpea Agriculture on Soil Physical
Properties and Seed Emergence Ratio

ABSTRACT Research Article
In the chickpea cultivation, the soil packing after sowing is widely ) )
used in many regions of Turkey. Therefore, the aim of this study was Article History

to determine the proper packing level for land roller applied after Received £ 217.12.2018
sowing in chickpea cultivation. In this purpose, six different packing Accepted ©16.05.2019
levels (0, 20, 26, 31, 37, 43 kPa) was applied by filling the water in a

flat roller. The result of the analysis of the data obtained in the study Keywords

conducted as three repeating randomized block design indicated Land. roller

that the amount of moisture in the soil increased by 0-15 cm depth Packing l.evel .

with the increase in the pressure level, but the decrease in the soil gi?;:;igon resI3tance

temperature was determined. The penetration resistance values
increased with the increase in soil depth and there was significant
differences among treatments after 15 cm soil depth. The highest
emergence rate was determined at 20-26 kPa packing levels. We can
conclude that the 20-26 kPa packing levels may be appropriate for
the climate and soil conditions of the test area when emergence seed
rate is considered.

Emergence rate
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makinalarinin calisma performansini artirarak, tane

kayiplarinin meydana gelmesini  o6nlemektedir.
Topragin st katmanimin ekim  derinliginde
sikigtirilmasi, topraktaki nem kaybini oOnlemekle

birlikte bitkinin kullanamadigi alt katmandaki nemin
kapilarite ile ylikselmesine katki saglamaktadir.
Ayrica, tohumun toprakla daha iyi temasina katki
saglayarak, g¢imlenme ve ¢ikis oraninda artis
meydana getirmektedir (Klassen ve Watts, 1998;
Berti ve ark., 2008; Tong ve ark., 2015). Fakat, uygun
olmayan  kosullarda  topragin  asir1  sekilde
sikigtirilmasi,  topragin  fiziksel ve  kimyasal
ozelliklerini olumsuz yonde etkileyerek, bitki cikig
orani, kok gelisimi, bitkinin besin maddelerinden
yararlanma oranini ve sonug olarak verimini olumsuz
yonde etkilemektedir (Hanks ve Thorp, 1956; Gemtos
ve Lellis 1997; Chen ve ark., 2014).

Bir silindirin topragi sikistirma derecesi, toprak
ozellikleri (topraktaki nem miktari, topragin biinyesi,
organik madde icerigi), topraga uygulanan baski
miktar1 (birim silindir agirlign ve silindir capl) ve
silindirin cekilme hizina baghdir olarak
degismektedir (Mamman ve Ohu 1998; Tong ve ark.,
2015).

Topraga baski uygulayarak sikigtirilmasi, topragin
fiziksel ve kimyasal o6zelliklerini degistirdigi icgin
bitkinin c¢ikigi, gelisimi ve verimini de 6nemli 6l¢tide

etkilemektedir. Topragin sikistirillmas1 esnasinda,
topragin hacim agirligi ve penetrasyon direnci
artarken, porozitesinde distsler meydana

gelmektedir. Bu da topragin su tutma kapasitesini,
topraktaki oksijen miktarmi ve sicakligini onemli
derecede etkilemektedir. Bildirilen bir c¢alismada
toprak sicaklhiginin ve oksijen igeriginin topragin
uzerinde sikismaya neden olan tarla trafiginin 6nemli
bir etkisi oldugu belirtilmistir (Ozpinar ve ark., 2018).
Gemtos ve Lellis (1997)'in yiiriittiikleri bir ¢calismada
pamuk bitkisinde 150 ile 250 kPa, sekerpancarinda
1se 50 ile 200 kPa baski diizeyinin bitki gelisimi ve
verimi i¢in en uygun sikigtirma diizeyl oldugunu
belirlemiglerdir. Hakansson ve Lipiec (2000)
penetrasyon direncinin 3000 kPa’in lzerinde
olmasinin, bitki gelisimini tamamen engelledigini
ifade etmiglerdir. Ozgéz ve ark. (2001) farkh
sikigtirma diizeylerinin bugdayin ¢ikis oranina
etkisine yonelik yurittikleri bir ¢alismada, 33.3 ve
41.2 kPa’lik sikigtirmanin  uygulandiginda c¢ikig
oraninin en iyi oldugunu belirlemiglerdir. Altikat ve
ark. (2006) yazlik bugdayda sira iizerine uygulanan
sikigtirmanin diizeyi arttikga, toprak nem igerigi ve
¢imlenmenin de arttigim1 rapor etmiglerdir. Bu
literatiir verileri, topraga uygulanan baski miktarinin
bitki gelisimi izerine olan etkisinin, bitki tird, iklim
kogullarn ve toprak ozelliklerine baghh olarak
degistigini gostermektedir. Bu c¢aligmanin amaci,
Diyarbakir ili kogullarinda nohut tariminda ekim
sonrasi uygulanan silindirin farklh sikigtirma
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diizeylerinin topragin baz fiziksel 6zellikleri ile bitki
¢ikis oranina etkilerini belirlemektir.

MATERYAL ve METOD

Calisma, Diyarbakir ilinde (Enlem: 37° 55 36 N,
Boylam: 40° 13 49 E, Yiikseklik: 630 m) ciftci
kogullarinda 2018 yilinda yazlik nohut yetistirme
sezonunda yurutilmustir. Calismanin yuratulduaga
bélge, yar1 kurak iklim kosullarina sahip olup, uzun
yillar ortalamasina gére 483 mm olan yillik ortalama
yagis miktarinin %801 Kasim ve Mayis aylarinda
dismektedir. Denemenin yuritaldigi yildaki ekim
sonras1 yagis miktary, Subat ayinda uzun yillarin
iizerinde iken (84.6 mm), Mart ayinda ise (11.6 mm)
uzun yillar ortalamasinin olduk¢a altinda olmustur
(DMBM, 2018). Ekim sonrasi yagls ve hava
sicakliginin, topragin sicakligini ve oksijen miktarini
etkiledigi icin bitki ¢ikis orani ve gelisimi Uzerinde
énemli bir etkiye sahip oldugu bilinmektedir (Berti ve
ark., 2008). Bir énceki y1l mercimek yetistiriciliginin
gerceklestirildigi  deneme  alaninin  0-20 cm
derinligindeki topraklari, killi-tini (kum:38.08,
kil:40.06, silt:21.86) biinyeye sahip olup, pH’s1 7.65,
toplam tuz orami %1, organik madde igerigi % 2.32,
kire¢ orami %1.14, bitkilere yarayish fosfor miktar:
(P205) 34.87 kg da’l, bitkilere yarayisli potasyum
miktar1 (K205 94.95 kg da! olarak belirlenmistir.
Ekim oncesi deneme alaninda alinan bozulmamis
toprak oOrneklerinin etiivde kurutulmasi sonucunda,
nem icerigi ve hacim agirhg degerleri, 0-10 cm
derinlikte %23.55 (kuru agirlik esasina gére) ve 1.11 g
cm3, 10-20 cm derinlikte %24.55 (kuru agirlik esasina
gére) ve 1.42 g cm3, 20-30 cm derinlikte %23.558
(kuru agirhk esasmna gore) ve 1.23 g cm™ olarak
belirlenmigtir. Denemede tohum yatagi hazirhg,
sonbaharda yaklasik olarak 15-20 cm derinlikte
kiltivator ile toprak iglendikten sonra ekim oncesi 5-
10 cm 1igleme derinliginde kiltivatér kullanmilarak
gerceklestirilmistir. Tek diskli ekim makinasi
kullanilarak yapilan ekim isleminde sira aralig:
mesafe 30 cm, ekim derinligi 6 cm ve dekara atilan
tohum miktar: 14 kg olarak ayarlanmistir. Buna gore
1 metrekare alana atilan tohum sayis1 30 olarak
hesaplanmistir. Ekim ile birlikte dekara 12.5 kg DAP
(18.46.0) giibresi kullanilmigtir.

Tesadiifi bloklar1 deneme desenine goére lg¢ tekerrirli
olarak yuritilen denemede, topragin
sikigtirilmasinda kullanilan 0.54 m ¢apinda ve 3.04 m
genigligindeki silindire su konularak 6 farkli bask:
seviyesi [0-silindirin kullanmilmadig1 kontrol, 20 kPa,
26 kPa, 31 kPa, 37 kPa, 43 kPal elde edilmistir.
Denemede silindirin ¢ekilmesinde FORD 6610S
traktor 1.75 m st hizda ¢alistirilmigtir.

Farkl bask: seviyelerinin, topragin fiziksel 6zellikleri
ve bitki cikis oranina etkisini belirmek amaciyla,
ekim igleminden 1 ay sonra toprak nem igerigi,
sicakligi, penetrasyon direnci ve metrekaredeki bitki
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sayis1 belirlenmigtir. Topragin nem igerigi ve
sicakligini belirlemek amaciyla Aquaterr Model
T300 (Aquaterr Instruments & Automation, LLC)
toprak nemi 6l¢gme cihazi 15 cm toprak derinliginde
kullanilmistir. Penetrasyon direncinin
belirlenmesinde ise her 2.5 c¢cm derinlikte okuma
yapabilen dijital FieldScout SC 900 (Spectrum

Technologies, Aurora, IL) penetrometre
kullanilmistir. Bitki ¢ikig orani, metre karedeki bitki
sayisinin, metrekareye ekilen tohum sayisina

oranlanmasiyla belirlenmigtir. Biitiin o6l¢imler, her
parselden 3 tekrarlamali olarak yapilmigtir. Her bir
parselin uzunlugu 30 m, genigligi ise 3 m olarak
ayarlanmigtir.

Ol¢imler sonucunda elde edilen veriler, Jump
Istatistik Paket programi (SAS, 2002, Cary, NC,
USA) kullanilarak varyans analizine tabi tutulmus ve
istatistiki acidan onemli degiskenlerdeki
uygulamalarin ortalamalar1 arasindaki farkhilhiklarin
belirlenmesi amaciyla LSD ¢oklu karsilastirma testi
uygulanmagtir.

BULGULAR ve TARTISMA

Nohut tariminda ekim sonrasi kullanilan diiz yizeyli
tarla silindirinin farkli baski seviyelerinin topragin
15 cm derinligindeki nem icerine etkisi Sekil 1'de
gorilmektedir. 37 ve 43 kPa’lik bask: seviyelerindeki
topragin nem igerigi oraninin istatiksel olarak diger
uygulamalardan 6nemli oranda daha yiiksek oldugu
gozlemlenmistir. Topraktaki en dusiik nem igerigi
orani, ekimden sonra silindirin kullanilmadig:
kontrol parsellerinden elde edilmigtir. Kontrol ile 20
kPa’lik baski uygulamasi arasindaki farkin istatiksel
acidan onemli olmadigr Sekil 1’de gorilmektedir.
Aym sekilde, 20, 26, 31 kPa baski seviyeleri arasinda
ve 26, 31, 37, 43 kPa baski seviyeleri arasindaki
farklarinda istatiksel olarak oOnemli olmadig:
gorilmustiur. Topragin sikistirilmasi, topraktaki hava
bosluklarinin  boyutunu azaltacagi i¢in toprak
taneciklerinin su zerrelerini tutma kuvvetini
artiracak ve dolayisiyla evaporasyonla meydana
gelecek su kaybini azaltacaktir (Tong ve ark., 2015).
Bu ¢alismada, 26 kPa bir baski seviyesinin topraktaki

nemin  korunmasi i¢in  yeterli  olabilecegini
gostermektedir.
35 4
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Sekil 1. Tarla silindirinin farkli baski seviyelerinin topragin 15 cm derinligindeki nem igerigine etkisi

Farkli baski seviyelerinin topragin 15 cm
derinligindeki sicakligina olan etkilerini gosteren
Sekil 2 incelendigi zaman, topraktaki nem igeriginin
tam tersi olarak baski seviyesinin artisiyla toprak
sicakliginda azalma meydana gelmistir. Topragin 15
cm derinligindeki en diisiik toprak sicakligi degerleri,
37 ve 43 kPa baski seviyelerinde belirlenmigtir. Diger
baski seviyeleri arasindaki fark istatistiki olarak
onemsiz olmustur. Topragin sicakligi, hem tohumun
¢cimlenmesi hem de bitki ¢ikigini1 etkileyen 6nemli
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faktorlerden Dbiridir. Birgcok arastirici, toprak
sicaklig1 ile bitki ¢ikis orami arasinda pozitif bir
iliskinin oldugunu ifade etmislerdir (Masaka ve
Khumbula, 2007; Huang ve ark., 2018). Penetrasyon
direncine etkisi bakimindan topragin 0-15 cm
derinliklerinde uygulamalar arasinda farkhilik
istatistiksel olarak énemli olmasina kargin, 15 cm’den

sonraki derinliklerde uygulamalarin penetrasyon
direncine etkisinin 6nemli olmadigi Sekil 3’te
goriilmektedir.
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Sekil 2. Tarla silindirinin farkli bask: seviyelerinin topragin 15 cm derinligindeki sicakligina etkisi
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Sekil 3. Tarla silindirinin farkli baski seviyelerinin topragin farkli derinliklerindeki penetrasyon direncine etkisi

Topragin 0-15 cm derinligindeki penetrasyon direnci
degerlerinin, baski seviyesindeki artig ile o6nemli
diizeyde arttigi gériilmiistiir. Bu derinlik araligindaki
en yliksek penetrasyon direnci degeri, 15 cm toprak
derinliginde 43 kPa bask: seviyesinde elde edilmig ve
37-43 kPa bask1 seviyeleri arasindaki fark istatistiki
olarak 6nemli olmadig1 gorilmiistur. Genelde 20, 26
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ve 31 kPa baski seviyeleri, derinliklerin hepsinde
ayn1 grup icerinde oldugu gorilmistir. Topragin 0-30
cm Ol¢gim  derinligindeki penetrasyon direnci
degerlerinin, bitki gelisimini engelledigi varsayilan
kritik sitkigmanin (2000 kPa) altinda oldugu Sekil 3te
gorilmektedir. Bu calismanin sonuglarina benzer
olarak, Shafiq ve ark. (1994), Mosaddeghi ve ark.
(2000) ve Altikat ve ark. (2006) gibi arastiricilar da
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direnci
meydana

topragin  sikistirilmasinin, penetrasyon
degerlerinde o6nemli derecede artig
getirdigini saptamiglardir.

Penetrasyon direncindeki bu artis miktarina, topraga
uygulanan baski miktar1 (birim silindir agirhg ve
silindir  cap)’min  yaninda toprak 6zellikleri
(topraktaki nem miktari, topragin biinyesi, organik
madde igerigi), ve silindirin c¢ekilme hizi da énemli
derecede etki etmektedir (Mamman ve Ohu 1998;
Tong ve ark., 2015 ).

Tarla silindirinin farkl baski seviyeleri
uygulamalarindaki bitki ¢ikis oranlari Sekil 4’de
gorilmektedir. En ylksek cikis orani, silindir bask:
seviyesinin 20-26 kPa oldugu uygulamalarda elde
edilmigtir. Baski seviyesinin 26 kPa daha fazla
olmasi, ¢ikis oranini 6nemli 6lgiide azaltmis oldugu
gozlenmigtir. Ekim sonrasi silindirin kullanilmadig:
kontrol parsellerindeki ¢ikis oraninin, 20 ve 26

kPa’lik baski seviyelerinde sikigtirmanin yapildig:
uygulamalardan daha dusik oldugu Sekil 4’te
gorilmektedir. Bitki ¢ikis orani, topragin ve ¢evrenin
ozelliklerinden oOnemli derecede etkilenmektedir.
Topragin sikigikligi, sicakligi, nem igerigi gibi
topragin fiziksel 6zelliklerinin bitki ¢ikis oranina etki
eden temel o6zellikler oldugu bilinmektedir (Ozpinar
ve Ozpinar, 2015). Ekim sonrasi yagis, hava sicaklig
gibi iklim kogullar1 da topragin o6zelliklerini 6nemli
6lcide etkiledigi i¢in bitki ¢ikigi lizerinde Onemli
etkiye sahiptir. Sekil 1 ve 2'de goruldugi gibi
topragin sikistirilmasi, topragin 15 cm derinligindeki
nem igerigini artirirken, sicakligimi distrmustir.
Topraga uygulanan hafif bir baski orani, toprakta
asir1 bir sikigitklik meydana getirmeden tohumun
toprakla temasini artirdigi igin bitkinin ¢ikis oranim
artirdigini séyleyebiliriz (Sekil 3 ve 4).
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Sekil 4. Tarla silindirinin farkh bask: seviyelerinin bitki ¢ikis oranina etkisi

SONUC ve ONERILER

Diyarbakir ili iklim kosullarinda nohut ekiminden
sonra kullanilan silindir bask1 seviyelerinin topragin
nem igerigi, sicakligl, penetrasyon direnci ve bitki
c¢ikis oranmina etkisinin incelendigi bu c¢alismanin
sonuglari, silindir bask: seviyesinin artisiyla topragin
15 cm derinligindeki nem igeriginin artigini,
sicakliginin  ise  6nemli  dizeyde  azaldigim
gostermigtir. Silindir baski seviyelerinin penetrasyon
direnci degerleri lizerine etkisi, topragin 0-15 cm
derinliginde 6nemli bulunmusg, 15 cm’den sonraki
derinliklerde penetrasyon direncine etkisi
bakimindan uygulamalar arasinda istatistiki agidan
onemli farkliliklarin olmadigi gortlmistir. Genel
olarak, uygulanan sikigtirma diizey1 arttikca
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penetrasyon direncinde de artis gézlenmigtir.
Calismada kullanilan uygulamalarin bitki c¢ikis
oranina etkisi bakimindan, en ylksek ¢ikis oram 20-
26 kPa’lik baski seviyelerinde elde edilmigtir. Bask:
seviyesinin 26 kPa’dan fazla olmasi ¢ikis oraninda
dustslere neden oldugu gorilmistir. Sonug olarak,
calismanin yurutildigu toprak ve iklim kogullar: i¢in
ekimden sonra 20-26 kPa’lik bir bask: ile topragin
sikigtirilmasinin nohut tariminda topragin fiziksel
ozellikleri ve bitki c¢ikis oranina etkisi bakimindan
uygun oldugu gorilmustir.
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OZET Aragtirma Makalesi
Bu calismada Tirkiye ve Trakya bolgesi ile Edirne, Kirklareli ve ) .
Tekirdag illerinin tarimsal mekanizasyon diizeyi gostergeleri Makale Tarihgesi

hesaplanarak, 2008 — 2017 yillar1 arasimndaki mekanizasyon Gelis Tarthi  :03.04.2019
dizeyindeki degisim incelenmis, iller arasnda ve Tiirkiye ile Kabul Tarihi :17.05.2019
kargilagtirmalar yapilmistir. Ayrica trend analizi ile 2018 — 2023
yillari i¢in iglenen alana diigsen traktor giici tahmin edilmigtir. Son 10
yilda 1000 ha alana diisen traktor sayisinda Tiirkiye’'de %27.9, Trakya X . .
bélgesinde %3.7, Edirne’de %13.9 ve Kirklarelinde %6.1 oraninda Mekanizasyon gostergeleri

Anahtar Kelimeler
Mekanizasyon dizeyi

artis olurken, Tekirdag'da %5.8 oraninda azalma mevcuttur. Bunun ']gzklrdag
nedeni yillar igerisinde Tekirdag ilinde traktor sayisindaki artis K 111;?9 T
wrklareli

oraninin, iglenen alandaki artig orami kadar yiiksek olmamasidir.
Turkiye’'de islenen alana diigen traktor glicii siirekli artis egilimde
olup 2008 yilinda 1.63 kW/ha iken 2017 yilinda 2.12 kW/ha’dir.
Trakya bolgesinde bu rakam 2008 yilinda 2.62 kW/ha iken 2017
yilinda 2.80 kW/ha’a yiikselmigtir. 2008 yilinda traktér basina
alet/makine sayis1 Turkiye’'de 7.68, Trakya bolgesinde 9.18 iken, 2017
yilinda Tirkiye’de 7.26, Trakya bdélgesinde 9.24°tir. Edirne ve
Kirklareli illerinde yillar i¢inde alet/makine sayisi, traktor sayisina
gore daha fazla arttigindan traktér basina alet/makine sayisi
artmaktadir. Trend analizi sonuc¢larina gore islenen alana disen
traktor giciiniin Trakya bolgesinde 2023 yilinda 3.01 kW/ha olmasi
tahmin edilmigtir.

Determining of Agricultural Mechanization Level in Thrace Region by Provinces Abstract

ABSTRACT Research Article
In this study, agricultural mechanization indicators of Turkey, Thrace
Region, Edirne, Kirklareli and Tekirdag provinces has calculated for Article History

2008 - 2017. The changes in the mechanization level has examined Received 103.04.2019
and comparisons was made. By using trend analysis, the tractor power Accepted 117.05.2019
per agricultural area for 2018-2023 was estimated. In the last 10

years, number of tractors per 1000 ha has increased 27.9% in Turkey, Keywords

3.7% in Thrace region, 13.9% in Edirne and 6.1% in Kirklareli but it Mechanization level

has decreased 5.8% in Tekirdag province. This is due to the fact that Mechanization indicators
the rate of increase in the number of tractors in the Tekirdag province Tekirdag

was not as high as the rate of increase in the agricultural area. Tractor Edirne

power per agricultural area in Turkey is constantly increasing. While Kirklareli

it was 1.63 kW/ha in 2008, it was 2.12 kW/ha in 2017. In Thrace region
while it was 2.62 kW/ha in 2008, it has increased to 2.80 kW/ha in
2017. While tools/machines per tractor was 7.68 and 9.18 in Turkey
and in Thrace region, respectively, for 2008, it was 7.26 and 9.24 in
Turkey and Thrace region, respectively for 2017. There is an increase
in tools/machines per tractor in Edirne and Kirklareli provinces
because of the number of tools/machines increased more than those of
tractors. According to the trend analysis results, it is estimated that
the tractor power in the area will be 3.01 kW/ha in 2023 in the Thrace
region.
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GIRIS

Tarimsal mekanizasyon, tarimda ileri teknolojilerin
uygulanmasini, ayrica toprak, su, giibre, ilag, vb.
girdilerin  etkin kullanimini  olanakli kilarak,
verimliligi saglayan oOnemli bir tdretim aracidir
(Korucu ve ark., 2015). Tarimsal mekanizasyon diizeyi
bélgelerin teknik ve ekonomik yapisina bagli olarak
degisim gosterebilmektedir. Tarimsal mekanizasyon
gostergeleri kullanilarak tarimsal mekanizasyon
diizeyinin belirlenmesi; illerin, bélgelerin ve tilkelerin
tarimsal mekanizasyon diizeylerinin karsilastirilmasi
ve degerlendirilmesi agisindan 6nemlidir.

Tarimsal tretimde kullanilan temel gli¢ kaynagi
traktérdiir. Bu nedenle tarim traktoérleri, bolgelerin
tarimsal mekanizasyon diizeylerinin belirlenmesinde
dikkate alinan en oOnemli gostergedir. En yaygin
kullanilan traktér esasli mekanizasyon diizeyi
gostergeleri islenen alana diigsen traktor giicii (kW/ha),
1000 ha islenen alana diisen traktér sayis1 (traktor
say1s1/1000 ha), traktér basina islenen alan (ha/traktér
sayisl) ve traktor bagina alet/makine sayis1 (alet-
makine sayisi/traktor)'dir (Sabanc: ve ark., 2003).

Turkiye’de boélgelerin  ve illerin mekanizasyon
diizeyinin Dbelirlenmesine yonelik birgok c¢alisma
mevcuttur. Bolge bazinda yapilan c¢alismalarda
Ozpinar (2001) Marmara bélgesinin, Ozgiiven ve ark.
(2010) ile Korucu ve ark. (2015) Tiirkiye'nin tarimsal
bolgelerinin, Baran ve ark. (2014) Bati Marmara
bélgesinin, Ozmen (2014) TRA1 Diizey 2 bolgesinin,
Altuntas (2016) Tirkiyenin cografi bolgelerinin,
Bozkurt (2016) Harran Ovasinin, Akar ve Celik (2017)
Mus Ovasinin tarimsal mekanizasyon diizeyini
belirlemislerdir. Durgut ve Arin (2005), Trakya
yoresinde bagcilik yapan isletmelerin mekanizasyon
dizeylerini belirlemiglerdir. Il bazinda yapilan
calismalarda ise Kok (1993) Tunceli, Isik ve ark. (2003)
Bursa, Kocak (2006) Bitlis, Ari6z (2007) Agr1, Altikat
ve Celik (2009) Erzurum, Altikat ve Celik (2011) Igdir,
Akar ve ark. (2012) Hatay, Gokdogan (2012) Isparta,
Lile ve ark. (2012) Adiyaman, Goékdogan (2014)
Hakkari, Bilim ve ark. (2014) Gaziantep, Altintas
(2015)  Eskisehir, Korucu ve ark. (2015)
Kahramanmaras, Doruk (2016) Denizli, Kayhan ve
ark. (2017) Kirklareli, Oguz ve ark. (2017) Konya,
Aslantiirk ve Altuntas (2018) Malatya illerinin
tarimsal mekanizasyon diizeylerini incelemiglerdir.
Koctiirk ve Onurbas Avcioglu (2007) tim illerin
mekanizasyon dizeylerini belirlemiglerdir. Conley ve
Lambert (1981) traktér beygir giicii iizerinde etkili
olan faktorleri, Unakitan ve Akdemir (2007, 2015)
Tiirkiye’de, Biondi ve ark. (2012) ise Italya, Fransa ve
Amerika Birlesik Devletleri'nde, traktor talebi
uzerinde etkili olan faktorleri belirlemigler ve traktor
talebini kisa dénem i¢in tahmin etmiglerdir.

Bu c¢alismanin amaci, Edirne, Kirklareli ve Tekirdag
illeri ile Turkiye i¢in traktér sayilarini ve tarim
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alanlarimi baz alarak son 10 yila ait tarimsal
mekanizasyon gbstergelerini hesaplayarak
mekanizasyon diizeyini belirlemek, elde edilen

sonuglar1 il bazinda birbirleriyle ve Turkiye ile
kargilagstirmak ve yillar igerisinde mekanizasyon
dizeyinde meydana gelen degisimi belirlemektir.
Ayrica trend analizi ile 2018 — 2023 yillar1 i¢in igslenen
alana dusen traktér glciinin tahmin edilmesi
amaglanmigtir.

MATERYAL ve YONTEM

Calismanin verileri Tiirkiye Istatistik Kurumu'ndan
(TUIK) alhnmigtir. Calismada Edirne, Kirklareli,
Tekirdag ve Tirkiye'ye ait 2008 — 2017 yillan
arasindaki tarim alanlar: ve traktor sayilarina iligkin
veriler kullanilmistir. Bu veriler degerlendirilerek
Edirne, Kirklareli ve Tekirdag illeri hem birbirleriyle
hem de Tirkiye ve Trakya bolgesi degerleriyle
kargilagtirilmistir. Mekanizasyon diizeyinin
belirlenmesinde 1000 ha alana digen traktor sayisi
(traktor/1000 ha), bir traktére diisen toplam alan
(ha/traktor) ve birim alana diigen traktor giicii (kW/ha)
gostergeleri  esas alinmistir. Bu  gostergelerin
hesaplanmasinda toplam tarim alanlari, traktor sayisi
ve ortalama traktér giicii degerlerinden (Liile ve ark.,
2012) yararlanilmistir. Elde edilen veriler beygir giicii
cinsinden olup, 0.7457 ile g¢arpillarak kWa
dontsturilmustar.

Traktor guciinin tahmin edilmesinde trend analizi
kullanmilmistir. Trend (egilim) analizi bir zaman
serisinin  uzun doénemdeki ana egilimi olarak
tanimlanan egilimin bir dogru veya bir egri ile ifade
edilmesidir (Yavuz, 2016). Trend analizinde ele alinan
zaman serisini en 1yi temsil edecek trend denklemi
belirlendikten sonra, gelecek dénem i¢in tahminler
elde edilir. Trendin tahmini, en kug¢ik Kkareler
yontemi, hareketli ortalama ve yariyil ortalamalar
yontemi ile yapilabilir. Bu ¢alismada trend egrisinin
denklemini bulmak i¢in en kigcik kareler yontemi
kullanilmigtir. Ancak trend egrisinin denklemini
bulmak i¢in en kiigiik kareler yoénteminin farklh
denklem tiirlerinin (dogrusal, logaritmik, iissel, vd.)
incelenmesi gerekmektedir (Witt ve Witt, 1992). Bu
calismada farkli denklem tlrleri incelenmis ve

determinasyon katsayis1 (r2) en yiikksek olan
logaritmik trend denklemi uygulanarak analiz
yapilmigtir.

Son 10 yildaki traktér sayilar1 Cizelge 1’de

gosterilmigtir. Turkiye’de 2017 yili traktor sayis1 2008
yili traktor sayisina gore %22.05 artarak 1306611 adet
olmustur. Trakya bolgesinde 2008 yili traktor sayisi
57665 iken 2017 yili traktor sayis1 59484’tir. Trakya
boélgesinde son 10 yildaki artis orani %3.15’tir. 2008 —
2017 yillar1 arasinda Edirne, Kirklareli ve Tekirdag’da
traktor sayilarindaki artig oranlar: ise sirasiyla %2.18,
%6.43 ve %1.98dir.
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2008 — 2017 yillar1 arasinda tarim alanlar: Cizelge 2’de
gosterilmigtir. Turkiye’de toplam tarnm alanlar
miktar:1 son 10 yilda %4.57 azalarak yaklagik 23.39
milyon ha olmustur. Trakya boélgesinde 2008 yilinda
yaklagik 951 bin ha olan tarim alanlari, 2017 yilinda

Cizelge 1. 2008 — 2017 yallar: traktor sayilar.

%0.53 azalarak yaklagik 946 bin ha olmustur. Son 10
yilda Edirne’de tarim alanlarinda %10.36’lik bir
azalma olurken, Kirklarelinde %0.29luk ve
Tekirdag’da %8.35’lik artis meydana gelmistir.

Yillar Turkiye Trakya Bolgesi Edirne Kirklareli Tekirdag
2008 1070528 57665 23448 14165 20052
2009 1073334 57789 23404 14235 20150
2010 1096484 58463 23717 14602 20144
2011 1124795 58884 23792 14704 20388
2012 1178049 59588 23870 14857 20861
2013 1213374 59382 23861 15040 20481
2014 1243100 58535 23686 15038 19811
2015 1260152 58575 23719 15053 19803
2016 1273399 59227 23865 14943 20419
2017 1306611 59484 23958 15076 20450

Kaynak: TUIK, 2018

Cizelge 2. 2008 — 2017 yillar: tarim alanlar: (ha).

Yillar Turkiye Trakya Bolgesi Edirne Kirklareli Tekirdag
2008 24505223 951146.6 350381 234653.1 366112.5
2009 24294681 929644.8 343227.4 230546.2 355871.2
2010 24394205 954451.9 361653.2 232358.3 360440.4
2011 23613761 910647.7 328176.6 225059.6 357411.4
2012 23781999 816683.3 302334.5 191418.9 322929.9
2013 23805512 823635.1 291154.2 211665.7 320815.2
2014 23940714 890761.9 313808 2217290.7 349663.2
2015 23933614 922524.7 314449.4 225800.2 382275
2016 23762572 957588.7 320120.3 236930.2 400538.2
2017 23385093 946095.6 314098 235326.1 396671.5

Kaynak: TUIK, 2018

ARASTIRMA BULGULARI ve TARTISMA

Turkiye ve Trakya boélgesi ile Edirne, Kirklareli ve
Tekirdag illerinin tarimsal mekanizasyon diizeyi
gostergeleri hesaplanmigtir. Cizelge 3’te 1000 ha
islenen alana diigen traktér sayisi (traktor say1s1/1000
ha) degerleri gésterilmistir. 2008 — 2017 yillar
arasinda Turkiye’de iglenen alana digen traktor sayisi
stirekli artmaktadir. Bunun sebebi tarim alanlari
azalirken, traktér sayisimin artmasidir. 1000 ha
igslenen alana diigen traktor sayisi Trakya bolgesinde
2008 yilinda 60.63 traktor/1000ha iken, 2017 yilinda
62.87 traktor /1000 ha olmustur. Tekirdag ilinde ise
traktor sayis1 yillar i¢cinde ¢ok degismezken, tarim
alanlar1 artmaktadir. Bu nedenle Tekirdag ilinde
iglenen alana diisen traktér sayis1 azalmaktadir.
Altuntas (2016), calismasinda 2013 yili verilerini
kullanarak 1000 ha iglenen alana disen traktor
sayisini Marmara boélgesi i¢in 127.49 traktor /1000 ha
olarak hesaplamistir. Baran ve ark. (2014), Balikesir,
Canakkale, Edirne, Kirklareli ve Tekirdag illerini
kapsayan Bati Marmara boélgesinde 1000 ha iglenen
alana dusen traktor sayisimi 80.46 traktor /1000 ha
olarak hesaplamiglardir. Kogtiirk ve Onurbas Avcioglu
(2007), calismalarinda 1000 ha islenen alana diisen
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traktor sayisini Edirne, Kirklareli, Tekirdag illeri ve
Marmara bélgesi i¢in sirasiyla 65.8 traktér /1000 ha,
57.8 traktor /1000 ha, 55.3 traktor /1000 ha ve 94.3
traktor /1000 ha olarak hesaplamiglardir.

Traktor basina iglenen alan (ha/traktér sayis1) Cizelge
4’te gosterilmigtir. 2008- 2017 yillar1 arasi Tirkiye'de
traktor basina islenen alan miktarinda siirekli bir
azalig mevcuttur. Traktor basina iglenen alan miktari
Trakya bolgesi, Edirne ve Kirklarelinde genel egilim
azalig yoniindeyken, Tekirdag’da ise artig yoniindedir.
Traktor basina igslenen alan Marmara bélgesinde 7.84
ha/traktor (Altuntas, 2016), Bat1 Marmara bélgesinde
12.43 haltraktér (Baran ve ark., 2014), Edirne,
Kirklareli ve Tekirdag illerinde sirasiyla 15.2
ha/traktor, 17.3 ha/traktor ve 18.1 ha/traktér (Koctiirk
ve Onurbas Avcioglu, 2007) olarak hesaplanmistar.

Islenen alana diigen traktér gicii (kW/ha) degerleri
Cizelge 5'te gosterilmigtir. Son 10 yilda Turkiye'de
islenen alana diisen traktor giici siirekli bir artig
gbstermektedir. Islenen alana diigen traktor giici
Trakya bolgesinde 2012 yilina kadar artarken, 2012
yilindan sonra azalmigtir. Bunun nedeni Trakya
bolgesinde son 10 yilda traktér gici slirekli artig
gosterirken, tarim alanlarinin 2012 yilina kadar
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azalmasi ve 2012 yilindan sonra yeniden artmasidir.
Islenen alana diigen traktor giicii Marmara bélgesinde
5.48 kW/ha (Altuntas, 2016), Bat1 Marmara bélgesinde
3.07 kW/ha (Baran ve ark., 2014), Edirne, Kirklareli ve
Tekirdag illerinde sirasiyla 2.67 kW/ha, 2.34 kW/ha ve
2.24 kW/ha (Koctiirk ve Onurbas Avcioglu, 2007)
olarak hesaplanmigtir.

2017 yilinda islenen alana dusen traktér glici
degerleri 2008 yili degerleri ile karsilagtirildiginda
Edirne ve Kirklareli'nde artis, Tekirdag'da ise azalig
gorilmustir. Bu durum Tekirdag ilindeki traktor
giicindeki artigin, iglenen alan miktarindaki artig
kadar yiiksek olmamasindan kaynaklanmaktadir.

Cizelge 3. 1000 ha islenen alana diisen traktér sayis1 (traktér say1s1/1000 ha).

Yillar Turkiye Trakya Bolgesi Edirne Kirklareli Tekirdag
2008 43.69 60.63 66.92 60.37 54.77
2009 44.18 62.16 68.19 61.74 56.62
2010 44,95 61.25 65.58 62.84 55.89
2011 47.63 64.66 72.50 65.33 57.04
2012 49.54 72.96 78.95 77.62 64.60
2013 50.97 72.10 81.95 71.06 63.84
2014 51.92 65.71 75.48 66.16 56.66
2015 52.65 63.49 75.43 66.67 51.80
2016 53.59 61.85 74.55 63.07 50.98
2017 55.87 62.87 76.28 64.06 51.55
Cizelge 4. Traktor basina islenen alan (ha/traktér sayisy).
Yillar Turkiye Trakya Bolgesi Edirne Kirklareli Tekirdag
2008 22.89 16.49 14.94 16.57 18.26
2009 22.63 16.09 14.67 16.20 17.66
2010 22.25 16.33 15.25 15.91 17.89
2011 20.99 15.47 13.79 15.31 17.53
2012 20.19 13.71 12.67 12.88 15.48
2013 19.62 13.87 12.20 14.07 15.66
2014 19.26 15.22 13.25 15.11 17.65
2015 18.99 15.75 13.26 15.00 19.30
2016 18.66 16.17 13.41 15.86 19.62
2017 17.90 15.91 13.11 15.61 19.40
Cizelge 5. Islenen alana diigen traktor giicii (kW/ha).

Yillar Turkiye Trakya Bolgesi Edirne Kirklareli Tekirdag
2008 1.63 2.62 2.73 2.37 2.67
2009 1.65 2.69 2.79 2.43 2.76
2010 1.69 2.67 2.69 2.49 2.78
2011 1.78 2.83 2.98 2.62 2.84
2012 1.86 3.17 3.26 3.12 3.12
2013 1.92 3.16 3.39 2.86 3.14
2014 1.95 2.88 3.13 2.67 2.79
2015 1.98 2.83 3.13 2.89 2.55
2016 2.02 2.74 3.10 2.74 2.45
2017 2.12 2.80 3.19 2.81 2.49

2008 — 2017 yillar1 arasinda Tirkiye’'de traktér bagina
alet/makine sayisinin azaldigi, Trakya bolgesinde ise
fazla degisim olmadign goriilmektedir (Cizelge 6).
Traktor basina diigen alet/makine sayisinda Edirne ve
Kirklareli illerinde artig gorulurken, Tekirdag'da
azalma gorilmektedir. Bu durum yillar iginde
Tekirdag ilinde traktoér sayisinda énemli bir degisim
olmazken, tarim alet ve makineleri sayisinin azalmasi
ile aciklanabilir. Koctiirk ve Onurbas Avcioglu (2007),

calismalarinda traktér basina alet/makine sayisi
Edirne, Kirklareli ve Tekirdag illeri igin sirasiyla 5
ekipman/traktor, 6.4 ekipman/traktor, 8
ekipman/traktor olarak hesaplamiglardir.

Trakya bolgesindeki 2008-2017 yillar1 arasindaki
islenen alana diisen traktor giicii (kW/ha) degisimden
yola cikilarak trend analizi yardimiyla 2018-2023
yillar1 i¢in iglenen alana diigen traktor glcii tahmin
edilmigtir. Yapilan trend analizine gore iglenen alana
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diisen traktor giiciniin 2018 yilinda 2.94 kW/ha, 2023
yilinda 3.01 kW/ha olmasi beklenmektedir.

Arazi toplulagtirmasiyla birlikte igletme bagina diigsen
arazi buytukligi artmaktadir. Bunun sonucunda
isletmeler yliksek gilicte bir traktoérle daha az iggiici

kullanarak, daha hizli ve daha verimli olarak
caligabilmektedir. Ekonomik o6mrini dolduran
traktorlerin  yerine daha yiiksek gilice sahip

traktorlerin satin alinmasi1 da iglenen alan bagina
traktor giictinii arttiran bir nedendir.

Cizelge 6. Traktdr basina alet/makine sayisi (alet-makine sayisi/traktor).

Turkiye Trakya Bolgesi Edirne Kirklareli Tekirdag

2008 7.68 9.18 8.92 8.31 10.09
2009 7.69 9.18 8.89 8.34 10.13
2010 7.71 9.22 8.81 8.28 10.37
2011 7.64 9.24 8.90 8.29 10.32
2012 7.45 9.39 8.94 8.54 10.49
2013 7.33 9.28 8.98 8.58 10.15
2014 7.26 9.14 9.06 8.61 9.63
2015 7.26 9.30 9.12 8.81 9.88
2016 7.29 9.23 9.09 8.85 9.66
2017 7.26 9.24 9.13 8.81 9.67
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Sekil 1. Trakya bolgesinde islenen alana disen traktor giicti trend analizi.

SONUG ve ONERILER
Bu calismada, Trakya  bolgesinin  tarimsal
mekanizasyon dlzeyinin Tekirdag, Edirne ve

Kirklareli illeri bazinda 2008-2017 yillar1 arasindaki
degisimleri belirlenmeye ¢aligilmigtir.

Trakya bolgesindeki tarim alanlari ve traktor sayilar
incelendiginde, islenen tarim alani yoniinden ilk siray1
Tekirdag alirken, en fazla traktore sahip olan il
Edirne’dir. Kirklareli hem iglenen alan hem de traktor
sayis1 acgisindan sonuncu siradadir. Traktér basina
diigsen alet/makine sayisinda ise Tekirdag ilk sirada
yer almaktadar.

Son 10 yilda 1000 ha alana diisen traktoér sayisinda
Turkiye ve Trakya bolgesi ile Edirne ve Kirklareli
illerinde artis gozlenmigtir. Tekirdag ilinde ise azalma
mevcuttur. Bunun nedeni yillar igerisinde Tekirdag
ilinde traktoér sayisindaki artis oraninin, islenen
alandaki artig oranmi1 kadar yliksek olmamasidir.
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Traktor basina islenen alan incelendiginde son 10
yilda Turkiye’de stirekli bir azalis gorulmektedir.
Traktor bagina iglenen alan miktar: Trakya bdélgesi,
Edirne ve Kirklarelinde genel egilim azalig
yonundeyken, Tekirdag’da ise artis yontundedir.

Son 10 yilda Turkiye'de iglenen alana diigen traktor
giict stirekli artmaktadir. Yillar icerisinde dalgalanma
olmakla birlikte Trakya bolgesi ile Edirne ve Kirklareli
illerinde artig, Tekirdag ilinde 1ise azalma
goriilmektedir.

2008 — 2017 yillar1 arasinda Turkiye’de traktor bagina
alet/makine sayisi azalmakta, Trakya bolgesinde ise
fazla degisim olmamaktadir. Edirne ve Kirklareli
illerinde yillar iginde alet/makine sayisi, traktor
sayisina gore daha fazla arttigindan traktoér bagina
alet/makine sayisi artmaktadir.

Trakya bélgesinde genel olarak isletme yapilan
parcali ve igletmeler kii¢cik olgeklidir. Isletme
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yapisina uygun traktor ve tarim makinalar: se¢ciminde
yapilan hatalar, ekonomik kullanim suresini
doldurmus traktor ile tarim alet ve makinalari varlig,
ortak makine kullaniminin azhig: gibi nedenler Trakya
bélgesinde  tarimsal  mekanizasyon  diizeyinin
gelismesini olumsuz yonde etkilemektedir.

Trakya bolgesinin mekanizasyon diizeyinin istenilen
diizeyde olmasi ic¢in igletme buytukligu ve tretim
desenine uygun traktor ile alet ve makinalarin
planlanmasi gerekmektedir. Sahip olunan traktor ile
alet ve makinalarin uyumu ve bunlarin birlikte etkin
kullanim1 da 6nemlidir. Bu nedenle traktor ile tarim
alet ve makinalarin kullanimina yonelik egitim ve
bilgilendirme c¢aligmalar yapilmali, boylece yeterli
igsletme biyiikligiine sahip olmayan igletmelerde
ortak kullanim yayginlastirilmalidir.
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OZET Aragtirma Makalesi
Bu calismada, Turkiye'de turetilen bahge traktorlerinin denetim ) )
elemanlarinin standart olgiilere uygunlugunun ve ergonomisinin Makale Tarihgesi

degerlendirilmesi amaclanmigtir. Olgimlerde TS ISO 4253 ve Gelis Tarihi  :25.03.2019
TS 10279 EN ISO 5353 standartlarindan yararlanilmigtir. Olgiim Kabul Tarihi  :25.05.2019
sonuc¢larina gore, denetim elemanlarinin ilgili standartlara .

uygunlugu belirlenmistir. Calismada ayrica, g¢esitli arastirmacilar Anahtar Kehmeler
tarafindan ortaya konulan ergonomik yaklagim ve siirlara gore, Ergonomi . .
traktorlerin denetim elemanlari, kullanim kolayligr bakimindan da Bahge.Traktorlerl
degerlendirilmigtir. Sonu¢ olarak, sec¢ilmis bahge traktorlerinin Denetim Elemanlar:
denetim elemanlarmin ilgili standarda uygunlugunun %36.8
ile %78.9 arasinda degistigi, oOnerilen ergonomik sinirlara
uygunlugunun ise %75.0 ile %92.9 oranlar1 arasinda oldugu
belirlenmigtir. Traktorlerde karsilasilan tehlikeler ve ergonomik risk
etmenleri, ilgili standart ve yonetmeliklere uyularak ya da tasarim
stireglerinde alinacak oOnlemlerle kabul edilebilir diizeylere
indirilebilmektedir. Ancak, bu amaca hizmet eden ilgili standardin
tim traktor tiplerini kapsamasi nedeniyle, oldukga kiigiik hacimlere
sahip bahge traktorlerinde, standart gereklerin karsilandigi
durumlarda da, ergonomi ve 1is guvenligi bakimindan c¢esitli
uygunsuzluklarin oldugu belirlenmistir. Ilgili standardin bahce
traktorleri icin yeniden gozden gecirilmesi gerektigi sonucuna
varilmistir.

Ergonomic Evaluation of The Control Layouts of Horticulture Type Tractors Manufactured in Turkey
ABSTRACT Research Article

Objective of this research was to determine the compliance of . .
horticulture type tractors produced in Turkey in terms of their Article History

standard sizes and ergonomics. Standards of TS ISO 4253 and TS Received $25.03.2019
10279 EN ISO 5353 were used in the measurements. in order to Accepted :25.05.2019
determine the compliance of the control elements with the related

standards.. In addition, according to the ergonomic approach and the Keywordg

limits introduced by various researchers, the control elements of Ergonomics

Horticulture Type Tractors

tractors were also evaluated for ease of use. Results indicated that,
Control Elements

the compliance of the control elements of the selected horticulture type
tractors to the relevant standards varied between 36.8% and 78.9%
and that the compliance with the recommended ergonomic limits was
between 75.0% and 92.9%. The hazards encountered in tractors and
the level of ergonomic risk factors can be reduced to an acceptable level
with some compulsory applications (standards and regulations) or
with precautions to be taken during the design stage of tractors.
However, due to the fact that the relevant standard for this purpose
includes all types of tractors, in the case of small sized horticulture
tractors, various non-conformities in terms of ergonomics and safety
were determined. It ¢ was concluded that the relevant standard should
be re-examined for horticulture type tractors.

To Cite : Caglar A, Simer SK 2019. Tiirkiye’de Uretilen Bahge Traktérlerinde Denetim Elemanlari Yerlegim
Ergonomisinin  Degerlendirilmesi. KSU Tarmm ve Doga Derg 22(6): 872-885. DOL:
10.18016/ksutarimdoga.vi.503920.
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GIRIS

Tarimsal faaliyetlerde mekanizasyonun ilk ve temel
amaci uretimde artig saglamaktir. Ancak bu artigin,
insan igini kolaylastirmadan ve zevkli hale getirmeden
gerceklestirilmesi olas1 degildir (Sabanci ve Siimer,
2015). Tarimsal mekanizasyon sistemlerinin biiyiik bir
b6limiinde  kuvvet kaynag  olarak  traktor
kullanilmakta ve tarimsal Uretim sistemi igerisinde
insan, mekanizasyon agisindan en fazla traktor ile
etkilesim halinde calismaktadir (Saral ve Avcioglu,
2002). Bu nedenle, tarimsal mekanizasyon sisteminde
insan makina iligkileri tzerindeki c¢aligsmalarda
cogunlukla tarim traktori dikkate alinmaktadir
(Hunt, 1973; Tezer, 1977; Sabanci 1981). Tarim
traktoriinde c¢alisma ortami, siirtici yerinde oturan
insanin i¢inde bulundugu fiziksel kosullardir. Bu
ortamda insan ile ¢evresindeki tiim cisimler arasinda,
insan oOzelliklerine uygun bir biitinlesmenin ya da
uyumun saglanmasi gereklidir. S6z konusu uyum
incelenirken insanin antropometrik ve fizyolojik
ozellikleri yaninda makine denetim elemanlarinin

yerlesim  ozelliklerinin  de  dikkate alinmasi
gerekmektedir. Insan-makina arasindaki etkilegimin
optimum Olgiler 1ile tasarlanmasi ve insan

yeteneklerinin sinirlar1 agilmadan rahat bir ortam
i¢cinde ¢alisilmasi ile yiiksek bir ig bagarisi saglanabilir
(Kogtiirk ve Avcioglu, 2010). Tarim traktérleri, tim
diinyada oldugu gibi iilkemizde de tarimsal tireticilere
sunulmadan o6nce g¢esitli zorunlu testlerden
gecirilmektedir. Bu testler, insan ile traktor arasinda
bir arayuz olan denetim elemanlarinin yerlesimlerini
de igermektir. Bu nedenle, traktér imalatcilar:
denetim elemanlar1 yerlesimi tizerine yiritilen
tasarimlarda ilgili standartlar: dikkate almaktadirlar.
Aragtirmacilar, traktér denetim elemanlarinin
yerlesiminin standartlar ve operator ozellikleri ile
uyumunu inceleyen ¢aligmalar ylritmiglerdir.

Sabanci (1981), Tiirkiye'de yaygin olarak kullanilan
traktorlerin  ergonomik 6zelliklerini incelemigtir.
Yaygin kullanima sahip tarla traktorleri denetim
eleman1 yerlesim o6zellikleri, 290 bireylik o6rnek
gruptan alinan antropometrik 6lctlerle
kargilagtirnlmigtir. Arastirmada denetim elemani
yerlesimi tizerine ulusal standartlarin gelistirilmesi ve
ISO standartlarinin ulkemiz kogullarina
uygunlugunun arastirilmasinin gerektigi
vurgulanmistir. Yadav ve Tewari (1998), traktérlerde
operatér konforu tizerine yurutmis olduklar
calismada, traktor koltugu ile denetim elemanlarinin
stiriicinin  rahathikla  kullanabilecegi, insan
antropometrik 6zelliklerine uygun olarak tasariminin
yapilmasi gerektigini ve tarla kosullarinin ilgili

tasarimlarda dikkate alinmasi1 gerektigini rapor
etmiglerdir. Yisa (2002), Nijerya’'da kullanilan
traktorlerin operatorlere uygunlugunun

degerlendirildigi bir ¢calisma yiritmustir. Calismada,
uygun traktor segilirken; traktore erisim, koltuk
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tasarimi, traktor direksiyon tasarimi gibi 6zelliklerin
dikkate alinmasi gerektigi vurgulanmistir. Kogtiirk ve
Avcioglu  (2006), tarim traktorlerinde denetim
elemanlar1 yerlesim oOlgiilerini TSE standardiyla
kargilagtirmiglardir. Materyal olarak Tirkiye’de tarla
tariminda  yaygin  kullanima  sahip  traktor
modellerinin incelendigi c¢alismada, traktérlerin
%70’nin TSE standardina uygun oldugu
belirlenmistir. Kumar ve ark. (2009), Hindistan'da
kullanilan traktorlerin denetim elemanlar: yerlesimi
ve operatér mahali hacminin uygunlugunun
degerlendirilmesi tzerine bir ¢alisma yuriutmuslerdir.
Calismada, incelenen traktorlerde neredeyse tum
denetim elemanlari igin yer degisikligi 6ngérulmustiir.
Koctiirk ve Avcioglu (2010), tarim traktorleri stirtict
oturma yerlerinin Ankara kirsal kesiminde caligsan
kadinlarin antropometrik 6zelliklerine uyumunu
incelemiglerdir. Materyal olarak secilen traktorlerin
%70'nin, kumanda alani Olgileri acgisindan %60-80
arasinda TSE standardina uydugu belirlenmistir.
Melemez ve Tunay (2010), ormancilikta yiikleyici
traktorler ile operator arasindaki uyumun ergonomik
olarak degerlendirilmesi amaciyla, Bat1 Karadeniz
Bolgesinde tomruk yikleme iglerinde ¢alisan traktor
operatorlerine ait bazi fiziksel parametreleri
Olctilmiisler ve yapilan degerlendirmeler sonucunda,
ormancilikta yliksek oranda titresime maruz kalinan
tomruk yikleme c¢alismalarinin daha verimli ve
saghkli bir gekilde yapilmasi i¢in Oneriler
sunmuslardir. Velioglu ve ark. (2013), 2006/42 Makina
Yoénetmeligini dikkate alarak 9 adet tarla traktori
tuzerinde denetim elemanlarina ait Glgimler
yapmiglar, uygunlugunu degerlendirmisler ve sonug
olarak ozellikle ayak denetim elemanlarinda
uygunsuzluklar tespit etmiglerdir.

Konu ile ilgili az sayida yuritilmis calismalar
incelendiginde traktér denetim elemanlarinin
yerlesimlerinin ilgili standartlara uyum konusunda

sorunlarin  oldugu ve daha Onemlisi insan
gereksinimlerinin tam olarak karsilanamadig:
gorilmektedir. Son yillarda ¢ok sayida traktor

ureticisi tarafindan Turkiye traktér parkina sunulan
cesitli bahge traktorleri, kullamicilar tarafindan
gecmisg yillara gore daha fazla tercih edilmekte ve park
igerisindeki pay1 artmaktadir. Ancak Turkiye'de tarla
traktorlerine kiyasla daha kiicik hacimli bahge
traktorlerinde denetim elemanlarinin yerlesimi
uzerine herhangi bir ¢alismaya rastlanmamistir. Yurt
dis1 kaynakli literatiirde benzer ¢aligmalar olmakla
birlikte, bahge traktorleri tizerine bu konuda herhangi
bir degerlendirme yapilmamistir. Yuritilmis
c¢alismalar incelendiginde, daha biiyikk hacimlerde
ergonomik  kusurlar ve standartlara uyum
sorunlarinin belirlenmis oldugu dikkate alinirsa,
bahge traktorlerinde séz konusu uygunsuzluklarin
daha fazla olabilecegi 6ngoriilebilir.
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Bu calismanin amaci, Turkiye’de uretimi
gerceklestirilen bahcge traktorleri denetim elemanlar:
yerlesim ozelliklerinin ilgili standartlara

uygunlugunu belirlemek ve ergonomik prensipler
dikkate alinarak operatér tarafindan kullanim
kolayligini ve konforunu degerlendirilmektir.

MATERYAL ve YONTEM

Calismada, Turkiye'de uretimi gergeklestirilen ve
yaygin kullanima sahip traktér markalarina ait bahce
traktorlerinin modelleri ve gii¢ degerleri Cizelge 1’de
verilmistir.

Cizelge 1. Arastirma materyali olarak secilen
traktorler
Marka Model Giig (kW)
TRA1 48-65
TRA2 36
TRA TRA3 37-53
TRA4 37-48
TRB1 37
TRB TRB2 47-56
TRC TRC1 40-48
TRD1 37
TRD TRD2 37-58
TRE TRE1 43-58
TRF1 37-40
TR TRF2 37-48

Calismada traktorlerin denetim elemanlar1 yerlesim
ozelliklerinin belirlenmesi amaciyla yapilan
olgiimlerde; TS ISO 4253 (Tarim Traktérleri — Siiriicii
Oturma Yeri — Boyutlar) ve TS 10279 EN ISO 5353
(Koltuk Referans Noktas1)) standartlar1 dikkate
alinmigtir.

Secilen bahce traktorii modellerinin  denetim
elemanlar yerlesim ozelliklerinin
degerlendirilmesinde  kullanilacak buyukliklerin
belirlenmesinde, ilgili standartlar ve ergonomik ilkeler
dikkate alinmigtir. Ayrica 6lgiilen biiyiiklerin sayisal
verilerin yaninda kullamim agisindan da ergonomik
olup olmadiginin belirlenmesi i¢in boylar1 164-182 cm
ve kiitleleri 52-83 kg arasinda olan operatorlerden
yararlanilmigtir. Operatorler, Anadolu insami igin
Giileg (2007) tarafindan belirlenen %90 kapsamindaki

boy ve kiitle verileri dikkate alinarak sec¢ilmisgtir.

Standartlara Uygunluk

Tarim traktorlerinin denetim elemanlar1 yerlesim
ozelliklerini kapsayan TS ISO 4253 standardinda
belirtilen buytkliklerin 6l¢gilmesine yonelik yapilan
calismalarda éncelikle koltuk referans noktasi (KRN)
belirlenmigtir. KRN’nin belirlenmesinde
TS 10279 EN ISO 5353 standardi direktifleri dikkate
alinmigtir. TS ISO 4253 standardinda yer alan baz
denetim elemani 6l¢ii ve toleranslari ile ilgili bir gérsel
Sekil 1’de verilmigtir.
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Sekil 1. TS ISO 4253 Tarim traktorleri — suriici
oturma yeri — boyutlar

Ergonomik Uygunluk

Calismada konu uzerine yuritilmus arastirmalarin
sonuglar1 dikkate alinarak, denetim elemanlarinin
ergonomisinin degerlendirilmesinde o6l¢it olabilecek
buyuklikler de belirlenmis ve ol¢ilmustir. So6z
konusu ergonomik degerlendirme 6lcttleri igin dikkate
alinan ¢alismalar asagida siralanmagtir;

. El ve ayak denetim alanlar1 (Sabanci; 1981)
(Sekil 2),

. Optimum ve maksimum ayak ulagim alanlar
(Sanders and McCormick, 1993) (Sekil 3),

. Motorlu tasit kabinleri i¢in 6nerilen tasarim
ozellikleri (Sanders and McCormick, 1993) (Sekil 4),

. Optimum ve maksimum ayak ulasim alanlari

(Sanders and McCormick, 1993) (Sekil 3)

Olgiilen Biiyiikliikler

Calisma kapsaminda o6l¢tlen biyuklikler Cizelge 2’de
yer almaktadir. Ol¢timlerinin tamamlanmasindan
sonra, her bir traktorin denetim elemanlar
ozelliklerinin, 1ilgili standarda uygunlugu ve
ergonomisi degerlendirilmigtir.

Yapilan o&lgumler dikkate alinarak, oncelikle alt:
markaya ait 13 model bahge traktorlerinin genel
degerlendirmesi yapilmigtir ve tartisilmigtir. Daha
sonra her bir markaya ait modellerin denetim
elemanlarinin standarda uygunlugu ve ergonomisi
ayri  baghklar altinda  incelenmigtir. Genel
degerlendirmede, traktorlere ait ortak sorunlar,
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ergonomik uygunsuzluklar, genel egilimler ortaya
konulmustur. Ayrica traktorlerin s6z konusu standart

ve ergonomik uygunluk oranlari dikkate alinarak
kiyaslamalar yapilmistir.

. ( \‘\\
| \ Mlnl.::UM :\
SEEE| \ummnmn
N 7 lam
V : OB TiMLIM)
AN il
S e
'\ s 7 aRTIN
-_‘_--_-.:C‘f__
/
7

10 w40

W oW [
HETERCE PR HIAT ORI EEE BAST AR W,

R

i

4 s

eli}

Sekil 3. Optimum ve maksimum aya-lk ulasim alanlari (Sanders and McCormick, 1993)
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Sekil 4. Motorlu tasit kabinleri i¢in 6nerilen tasarim ozellikleri (Sanders and McCormick, 1993)
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Cizelge 2. Denetim elemanlari ile ilgili 6l¢iilen buiyuklikler

Olgiilen Biiytklikler Kisaltmalar
*KRN Ile Gaz Pedal Merkezi Aras1 Mesafe AG1
*KRN Ile Kavrama Pedali Merkezi Arasi1 Mesafe AK1
*KRN Ile Fren (Sag) Pedal Merkezi Aras1 Mesafe AFR1
*KRN Ile Fren (Sol) Pedah Merkezi Aras1 Mesafe AFL1
*KRN Ekseni ile Gaz Pedali Merkezinin Yatay Uzaklig1 AG2
*KRN Ekseni ile Kavrama Pedali Merkezinin Yatay Uzakligi AK2
*KRN Ekseni ile Fren(sag) Pedali Merkezinin Yatay Uzakhig AFR2
*KRN Ekseni ile Fren(sol) Pedali Merkezinin Yatay Uzaklig AFL2
*KRN Ekseni ile Gaz Pedali Merkezi Arasindaki Yikseklik AG3
*KRN Ekseni ile Fren Pedali Merkezi Arasindaki Yiikseklik AF3
*KRN Ekseni ile Kavrama Pedali Merkezi Arasindaki Yiikseklik AK3
Gaz Pedal Merkezi ile Zemin Arasindaki Uzaklik AG4
Fren Pedal Merkezi ile Zemin Arasindaki Uzaklik AF4
Kavrama Pedal Merkezi ile Zemin Arasindaki Uzaklik AK4
Gaz Pedali Maksimum Basma mesafesi AGbH
Fren Pedali Maksimum Basma mesafesi AF5
Kavrama Pedali Maksimum Basma mesafesi AK5
*KRN ile Direksiyon merkezi arasindaki Mesafe ED1
*KRN Ekseni ile Direksiyon merkezi arasindaki yiikseklik ED2
KRN ekseni ile vitesin yatay uzaklig: EV1
KRN ekseni ile vitesin disey uzakligi EV2
KRN ekseni ile ti¢ nokta aski diizeni denetim elemanlar1 yatay uzakligi EH1
KRN ekseni ile ti¢ nokta aski diizeni denetim elemanlar: diisey uzaklig: EH2
KRN ekseni ile kuyruk mili kavrama kolunun yatay uzaklig: EK1
KRN ekseni ile kuyruk mili kavrama kolunun disey uzaklig: EK2
KRN ekseni ile el gazinin digey uzakhg EG1
KRN ekseni ile el gazinin yatay uzakhigi EG2
*Koltugun Sirt kisminin uzunlugu K1
*Koltugun Sirt kisminin genigligi K2
*Koltugun Sirt Kisminin Acisi K3
*Koltugun alt kisminin uzunlugu (KRN noktasindan itibaren) K4
*Koltugun alt kisminin genisligi (En dar yerinden dl¢iilecek) K5
*Koltugun alt kisminin agisi K6
Koltugun bel dolgusu K7

*Standartlar dikkate alinarak belirlenen biiyiikliikler

ARASTIRMA BULGULARI ve TARTISMA

TS ISO 4253 standardina goére denetim elemanlarina
ait O6lcim boyutlar1 degerlendirmesinde, standarda
uygunlugun %36.8 1ile %79.0 oranlar1 arasinda
degistigi belirlenmistir (Cizelge 3).

Tum traktorlerde 6l¢lilen AF3, AK3, K1 biiyukliklerin
tim marka ve modellerde standarda uygun oldugu
saptanmigtir. K2 buyuklugi, TRA1 modelleri
haricinde hicbir marka ve modelde ilgili standardi
kargilayamamaktadir.

Standardi en az oranda kargilayan TRE marka
traktorlerde (TRE1) AG2, AK2, AF3, AK3, K1, K3, K5
boyutlarinin kabul edilebilir sinirlar arasinda oldugu
belirlenmistir. TRC marka traktériin ise (TRC1) genel
olarak standarda daha uygun oldugu ve sadece AG1,
ED1, ED2, K2 boyutlarin standardi karsilayamadigi
goérilmustir.

Olcilen boyut ve ozelliklerin ergonomisi dikkate
alindiginda, %75.0 (TRA2) ile %92,9 (TRF2) oranlar:
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arasinda ergonomik uygunluk oldugu saptanmistir
(Cizelge 3).

Cizelge 3. Traktorlere ait standart ve ergonomik
uygunluk oranlar:

Marka ve Modeller Standart, % Ergonomik, %

TRA1 73,68 78,57
TRA2 63,15 75,00
TRA TRA3 42,10 82,14
TRA4 52,63 85,71
TRB1 52,63 82,14
TRB TRB2 63,15 85,71
TRC TRC1 78,94 82,14
TRD1 57,89 85,71
TRD TRD2 52,63 85,71
TRE TRE1 36,84 78,567
TRF1 73,68 85,71
TRE TRF2 68,42 92,85
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Ayak denetim elemanlarindan gaz pedalinin yerden
yiiksekligi (AG4) biiyiikliigiine ait 6l¢iim sonuglarina
gore, bu denetim elemani boyutunun ti¢ traktér modeli
(TRF1, TRF2, TRD1) disindaki tiim modellerde
optimum degerin (100 mm) altinda kaldig
belirlenmigtir. Traktorlerde gaz pedal yiiksekliginin
optimum boyutlarin altinda, diger bir ifade ile
yeterince yiiksekte olmamasi, ayak denetiminde
hassasiyetin azalmasina neden olmaktadir.

Traktorlerde gaz pedalinin literatiirde verilen motorlu
tasitlar i¢in Onerilen optimum yiiksekligin altinda
tasarlanmasi, genel olarak tarimsal faaliyetlerde el
gazinin kullanilmasindan ve yerlegim ile ilgili hacim
kisitlarindan kaynaklandigi sonucuna varilabilir.
Ancak, tagima faaliyetleri gibi yol kullanimlarinda bu
tasarim, ergonomik olmayacagi gibi giuvenlik zafiyeti
de olusturabilir.

Velioglu ve ark. (2013), 9 tarla traktoérii iizerinde
2006/42/AT Makine Yonetmeligi (CE) ve ilgili standart
gbz  Ontne  alinarak, secilen 13  baghgin
degerlendirmesi  sonucunda toplam 51 adet
uygunsuzluk belirlemiglerdir. Koctiirk ve Avcioglu
(2006), Tiirkiye traktér parkinda yer alan tarla
traktorlerinin  ilgili  standarda  uygunlugunun
arastirildigi calismalarinda 10 tarla traktérinin
denetim elemanlarinin standardr (TSE 3478, 1980)
%58 1le %92 arasindaki oranlarda karsiladigini rapor
etmiglerdir. Aragtirmacilar sonug olarak, bu calismada
oldugu gibi, secilen traktorlerin standartlara %100
oraninda uymadiklarini vurgulamiglardir.

Arastirmacilar tarafindan sunulan bu sonuclara gore,
tarla traktorlerinin, bu c¢alismada degerlendirilen
bahge traktorlerine gére denetim elemanlar: yerlesim
standardina daha yiiksek oranlarda uygun oldugu
gorilmektedir. Bu farkhligin dikkate alinan
standartlarin farkh kodlarda olmasindan
kaynaklanabilecegi diigtintlebilir. “TSE 3478, 1980”
standardi ginumiuzde gecerli degil ve bu standardin
yerini glncellegtirilmis “T'S ISO 4253” standard:
almigtir. Ancak, giincel ve gecerli olan standart ile
gecerliligini yitirmis olan eski standart igceriklerinde
boyut 6zellikleri bakimindan herhangi bir degisiklik
yapilmamigstir. Traktorlerde denetim elemani yerlesim
calismalarinda her iki tip traktér i¢in, aymi standart
dikkate alinmaktadir.

Bahge traktorlerinde tarla traktorlerine gore 6nemli
diizeyde hacim farkliligi bulunmasina karsin, denetim
elemanlar: tipleri arasinda farklilik
bulunmamaktadir. Bu denetim elemanlari, tarla
traktorlerine kiyasla daha kiigiik hacimlerde olan
bahge traktorlerinde de ayni standart boyut ve
ozelliklerine gore degerlendirilmektedir. Bu durum,
bahge traktorlerinde denetim elemani yerlesimlerinin
daha distik oranlarda standarda uygunlugunu
aciklamaktadar.
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TRA Marka ve Modellerine Ait Degerlendirme

TRA markasina ait modellerde, fren pedali ve
kavrama pedali merkezlerinin zeminden uzakliginin
(AF5, AK5) énerilen ergonomik sinirlar arasinda
kaldigr saptanmistir. Pedallarin basma mesafeleri
incelendiginde, sadece TRA2 modelinde kavrama
pedalinin  uygun smrlar arasinda olmadig:
belirlenmistir (Cizelge 4). Kavrama pedallarinin
yapilari incelendiginde TRAZ2 traktoriiniin kavrama ve
fren pedallarmin diger Ug¢ traktérden farkli olarak
askili tip olmadig gérilmiustir.

TRA2 traktorinde askili tip yerine zemin baglantili
kavrama pedalinin kullanilmasi, basma mesafesinin
diger traktorlere kiyasla daha yliksek olmasinin
nedeni olarak duglinilebilir. Bu saptamayi, bu
traktorde fren pedalinin da aymi tasarimla diger
traktor fren pedali basma mesafelerinden dikkate
deger bir farkla yuksek olmasi desteklemektedir.
KRN ekseni ile fren (sag) pedali merkezinin yatay
uzaklign (AFR2) ile KRN ekseni ile gaz pedal
merkezinin yatay uzakhiginin (AG2), TRA marka
traktor modellerinde ilgili standarda uymadigi, ayrica
ergonomik olmadig1 belirlenmistir (Cizelge 4). KRN
ekseni ile gaz pedali merkezinin yatay uzaklig:
(AG2)nin, TRA3 modelinde standartta verilen
aralikta ve ergonomik acidan uygun o6zelliklerde
oldugu belirlenmistir. Ancak bu denetim elemaninin
kullanim kolayligr ile 1ilgili 6nemli bir yerlesim
hatasinin oldugu goérulmiistir. Gaz pedalinin fren
pedalinin altinda konumlandirilmis olmasi, iki pedal
arasindaki denetim gecislerinde gecikmelere neden
olabilir.

Bu traktérde ayrica, gaz pedali ile fren pedalh
arasindaki diisey mesafenin (60 mm) de yetersiz
olmasi, her iki pedalin kullanimini zorlagtiracagi gibi,
s6z konusu denetim gegiglerinin  hizim1 da
dustirecektir. Bu tasarim, frene basilma durumunda
gaz pedalina da basilmasina neden olabilmektedir.
Ayrica, gaz pedalindan ayak kaldirilirken, ayak tust
kismi fren pedalina takilabilmektedir. Fren ve gaz
pedalinin yakinhig1 dikkate alinarak belirlenmis olan
bu olumsuzluklarin, 6zellikle sag frenin kullanilmasi
durumunda, diger traktorlerde de ortaya cikmasi
olasidir. Insanin yanitlama siiresinin 1/3 saniye gibi
oldukca uzun oldugu diisiiniildiigiinde (Sabanci ve
ark., 2012), gaz pedalinin kontrol edildigi siirecte ani
bir fren yapma gerekliligi durumunda s6z konusu
tasarim, calismanin ve operatoriin glvenligini
olumsuz etkileyebilir.

TRA1 ve TRA2 modellerinde, KRN ekseni ile ii¢ nokta
aski diizeni denetim elemanlar1 disey uzaklig:
(EH2)nin ergonomik kisitlar: karsilamadigi, TRA3 ve
TRA4 modellerinde ise bu parametrenin ergonomik
kisitlar arasinda oldugu belirlenmigtir. Ozellikle
TRA2 modelinde bu durum nedeniyle, denetim
elemanina ulagimda operatorin zorluk yasadig: tespit
edilmigtir. Ancak, ergonomik kisitlar diginda olan
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TRA1 modelinde 1ise operatorin bu denetim
elemanlarina daha rahat ulasabildigi ve zorlayic1 bir
uzanma hareketine gerek olmadig1 goéralmustir
(Cizelge 4).

Traktorlerin standarda uygunlugunun TRA1, TRA2,
TRA3 ve TRA4 modelleri i¢in sirasiyla %73.7,
%63.2, %42.1 ve %52.6 oranlarinda oldugu
saptanmigtir. Standarda en uygun model %73.7 ile
TRA1 olurken, en az uygun olan1 %42.1 oran1 ile TRA3

modeli olmustur.

Ergonomik kisitlar dikkate alinarak yapilan
degerlendirmelerde uygunluk oranlar1 ise TRAI,
TRA2, TRA3 ve TRA4 modelleri i¢in sirasiyla %78.6,
%175.0, %82.1 ve %85.7 olarak belirlemistir. Ergonomik
kisitlara en uygun model %85.7 orani ile TRA4 traktor
modeliyken, en az uygun modelin ise %75.0 oraniyla
TRAZ2 oldugu belirlenmigtir.

Cizelge 4. TRA traktorlerine ait 6l¢ium verileri ve referans degerler

Olgiilen Degerler (mm)

Referans Degerler (mm)

TRA Standart Ergonomik
Kisaltmalar TRA1 TRA2 TRA3 TRA4 Min Max Opt Max
AG1 630 490* 585% 430* 600 720 805 855
AK1 700 600 560%* 560%* 600 720 805 855
AFR1 720 635 620 560% 600 720 805 855
AFL1 720 635 620 560%* 600 720 805 855
AG2 465*x  415*x 260 410%x 400 100+2-200+5 300
AK2 345%x  305*x  335%x 270 75 300 100+2-200+5 300
AFR2 380*x  360*x  430*x 330*x 75 300 100+2-200+5 300
AFL2 280 250 330%x 190 75 300 100+2-200+5 300
AG3 465*x  470*x  465%x 465*x  230-290  400-460 200+5-300 400+5
AF3 395 400 400 400 230-290  400-460 200+5-300 400+5
AK3 400 405 400 400 230-290  400-460 200+5-300 400+5
AG4 70x 70x 65x 70x 100 250
AF4 135 105 120 155 100 250
AK4 130 145 120 130 100 250
AG5 50 50 45 50 100
AF5 35 60 40 35 100
AK5 50 125x 40 50 100
ED1 520 450 550% 480 425 525 500 620
ED2 160%* 35% 85% 130* 265-325  325-385  150-500 (-5)-1090
EV1 210 225 235 285 500 620
EV2 80 50 170 90 150-500 (-5)-1090
EH1 230 210 210 275 500 620
EH2 (-125)x (-240)x 0 65 150-500 (-5)-1090
EK1 0 250 0 280 500 620
EK2 (-20) (-25) 80 120 150-500 (-5)-1090
EG1 20 60 40 40 150-500 (-5)-1090
EG2 430 430 280 225 500 620
K1 360 460 360 460 260
K2 450 430* 380* 430* 450
K3 10 10 9 10 5 15
K4 280 300 240% 300 260 310
K5 300 300 300 300 300
K6 8 8 4* 8 7,5 12
K7 20 20 10 20 10 50

*TS ISO 4253 standartina uygun olmayan veriler
x Ergonomik olmayan denetim elemanlari verileri

TRB Marka ve Modellerine Ait Degerlendirme

TRB markasina ait modellerde, KRN ile kavrama
pedali merkezi aras1 mesafe (AK1), ED2, K2, koltugun
alt kisminin uzunlugu (KRN noktasindan itibaren)
(K4) boyutlarinin her iki model icin de standardi
kargilamadig1 saptanmigtir. TRB1 modelinde AFRI1,
AFL2, K3, K5 boyutlarinin ve TRB2 modelinde AG1,

878

AFR2, AFL2 boyutlarinin standardi karsilamadigi
saptanmistir  (Cizelge 5). Modellerin standarda
uygunluklarinin TRB1 i¢in %52.6 ve TRB2 i¢in %63.2
oranlarinda oldugu tespit edilmistir. Standarda en
uygun modelin %63.2 orani ile TRB1 oldugu
belirlenmigtir.



KSU Tarim ve Doga Derg 22(6): 872-885, 2019

Arastirma Makalesi/Research Article

Cizelge 5. TRB marka traktore ait 6l¢iim verileri ve referans degerler

E)lgulen Degerler p torans Degerler (mm)
mm)

TRB Standart Ergonomik
Kisaltmalar TRB1  TRB2 Min Max Opt Max
AG1 670 540%* 600 720 805 855
AK1 370% 550% 600 720 805 855
AFR1 420* 655 600 720 805 855
AFL1 420* 665 600 720 805 855
AG2 280 230 400 100+2-200+5 300
AK2 230 270 75 300 100+2-200+5 300
AFR2 285 440%*x 75 300 100+2-200+5 300
AFL2 170 380%*x 75 300 100+2-200+5 300
AG3 350 430x 230-290 400-460 200+5-300  400+5
AF3 430x 385 230-290 400-460 200+5-300  400+5
AK3 450x 370 230-290 400-460 200+5-300  400+5
AG4 300x  70x 100 250
AF4 200 120 100 250
AK4 180 140 100 250
AG5 20 50 100
AF5 40 30 100
AK5 80 5 100
ED1 480 460 425 525 500 620
ED2 215% 160%* 265-325 325-385 150-500 (-5)-1090
EV1 40 230 500 620
EV2 (-30) (-20) 150-500 (-5)-1090
EH1 325 340 500 620
EH2 (-300)x 140 150-500 (-5)-1090
EK1 150 320 500 620
EK2 (-280)x 155 150-500 (-5)-1090
EG1 150 120 150-500 (-5)-1090
EG2 220 200 500 620
K1 380 380 260
K2 380% 380* 450
K3 14* 12 5 15
K4 240* 320% 260 310
K5 240* 300 300
K6 4* 6 7,5 12
K7 30 10 10 50

*TS ISO 4253 standartina uygun olmayan veriler
x Ergonomik olmayan denetim elemanlari verileri

Ergonomik yaklagimlar dikkate alinarak yapilan
degerlendirmede, ergonomik kisitlara en uygun
modelin %85.7 ile TRB2 traktoriine ait oldugu
bulunmustur. Ergonomik kisitlar dikkate alindiginda,
her iki modelde gaz pedal merkezi ile zemin arasindaki
uzakhk (AG4) boyutunun ergonomik olmadig
saptanmigtir. Ayrica TRB1 modelinde AF3, AK3, EK2
boyutlar1 ve TRB2 modelinde AFR2, AFL2 boyutlari
ergonomik kisitlar1 kargilamamaktadir. TRB1 modeli
vites konumu EV1, EV2 boyutlar: ergonomik sinirlari
sayisal olarak karsiliyor olsa da ergonomik bir vites
kullanimi saglanamamaktadir (Cizelge 5).

TRC Marka ve Modellerine Ait Degerlendirme
TRC markasina ait modelde, KRN ile gaz pedali

merkezi arasi mesafe (AG1), KRN ile direksiyon
merkezi arasindaki mesafe (ED1), KRN ekseni ile
direksiyon merkezi arasindaki yiikseklik (ED2) ve
koltugun sirt kisminin genigligi (K2) boyutlarinin
standardi karsilamadig1 saptanmistir (Cizelge 6).
TRC marka traktore ait standarda uygunluk orani
%78.9, ergonomik kisitlar dikkate alinarak belirlenen
uygunluk orani ise %82.1’d{ir.

Yapilan ol¢imlerde, KRN ekseni ile gaz pedalh
merkezinin yatay uzaklign (AG2), KRN ekseni ile gaz
pedali merkezi arasindaki yiikseklik (AG3) ve KRN
ekseni ile kuyruk mili kavrama kolunun disey
uzakliginin (EK2) ergonomik kisitlar1 karsilamadig:
belirlenmigtir.
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Cizelge 6. TRC Marka traktore ait 6l¢iim verileri ve referans degerler

?lqulen Degerler p ferans Degerler (mm)
mm)
TRC Standart Ergonomik

Kisaltmalar TRC1 Min Max Opt Max

AG1 560* 600 720 805 855

AK1 620 600 720 805 855

AFR1 620 600 720 805 855

AFL1 620 600 720 805 855

AG2 360x 400 100£2-200+5 300

AK2 300 75 300 100£2-200+5 300

AFR2 220 75 300 1004£2-200+5 300

AFL2 220 75 300 1004£2-200+5 300

AG3 460x 230-290 400-460 200+5-300 400+5

AF3 350 230-290 400-460 200+5-300 400+5

AK3 370 230-290 400-460 200+5-300 400+5

AG4 50x 100 250

AF4 160 100 250

AK4 140 100 250

AG5 140x 100

AF5 40 100

AK5 70 100

ED1 580* 425 525 500 620

N ) ) ) (-5)-

ED2 210 265-325 325-385 150-500 1090

EV1 355 500 620
(-5)-

EV2 190 150-500 1090

EH1 270 500 620
(-5)-

EH2 150 150-500 1090

EK1 225 500 620
(-5)-

EK2 (-325)x 150-500 1090

EG1 340 150-500 C5)-
1090

EG2 140 500 620

K1 360 260

K2 360* 450

K3 4 5 15

K4 270 260 310

K5 300 300

K6 8 75 12

K7 20 10 50

*TS ISO 4253 standartina uygun olmayan veriler
x Ergonomik olmayan denetim elemanlari verileri

TRD Marka ve Modellerine Ait Degerlendirme

TRD markasina ait modellerde, KRN ile pedallarin
merkezleri arasindaki mesafeler (AG1, AK1, AFR1,
AFL1), KRN ekseni ile direksiyon merkezi arasindaki
yiikseklik (ED2) ve koltugun sirt kisminin genisliginin
(K2) her iki modelde de standardi karsilamadig:
saptanmigstir. TRD1 modelinde ED1 ve K3
boyutlarimin  ilgili standarda uygun olmadig
belirlenmigtir. TRD2 modelinde ise, AG2, AFR2 ve K4

boyutlar standardi karsilamamaktadir. Her iki model
igin de ayak denetim elemanlarinin standard:
karsilamadig1 belirlenmistir (Cizelge 7).

Modellerin standarda uygunluk oranlarinin; TRD1
i¢in %57.9, TRD2 i¢in %52.6 oldugu tespit edilmistir.
Standarda en uygun model %57.9 orami ile TRD1
modeli olmustur. Ergonomik kisitlar dikkate alinarak
yapilan degerlendirmede her iki traktérde uygunluk
oraninin %85.7 oldugu belirlenmigtir.
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Cizelge 7. TRD marka traktore ait 6lgiim verileri ve referans degerler

E)lgulen Degerler p ferans Degerler (mm)
mm)

TRD Standart Ergonomik
Kisaltmalar TRD1 TRD2 Min Max Opt Max
AG1 460* 470* 600 720 805 855
AK1 580% 540% 600 720 805 855
AFR1 580% 540% 600 720 805 855
AFL1 580% 540% 600 720 805 855
AG2 240 470* 400 100+2-200+5 300
AK2 260 210 75 300 100+2-200+5 300
AFR2 220 330%*x 75 300 100+2-200+5 300
AFL2 140 240 75 300 100+2-200+5 300
AG3 450x 400 230-290 400-460 200+5-300  400+5
AF3 410x 310 230-290 400-460 200+5-300  400+5
AK3 360 310 230-290 400-460 200+5-300  400+5
AG4 115 90x 100 250
AF4 155 190 100 250
AK4 190 180 100 250
AG5 75 80 100
AF5 15 40 100
AK5 70 100 100
ED1 580% 520 425 525 500 620
ED2 210* 140%* 265-325 325-385 150-500 (-5)-1090
EV1 330 440 500 620
EV2 120 150 150-500 (-5)-1090
EH1 240 270 500 620
EH2 (-2000x  (-250)x 150-500 (-5)-1090
EK1 220 260 500 620
EK2 (-300)x  (-100)x 150-500 (-5)-1090
EG1 10 90 150-500 (-5)-1090
EG2 310 230 500 620
K1 310 390 260
K2 355% 430* 450
K3 20% 10 5 15
K4 280 320% 260 310
K5 300 300 300
K6 8 8 7,5 12
K7 10 30 10 50

*TS ISO 4253 standartina uygun olmayan veriler
x Ergonomik olmayan denetim elemanlari verileri

KRN ekseni ile u¢ nokta aski diizeni denetim
elemanlar1 diisey uzakhg (EH2) ve KRN ekseni ile
kuyruk mili kavrama kolunun diisey uzakhg (EK2)
boyutlarinin her iki model i¢in de ergonomik olmadigi
saptanmigtir. TRD1 modelinde ayrica AG3, AKS3
boyutlar1 da ergonomik degerler arasinda degildir.
TRD2 modelinde ise AFR2, AG4 boyutlar1 ergonomik
kisitlar1 karsilamamaktadir (Cizelge 7).

TRE Marka ve Modellerine Ait Degerlendirme

TRE markasina ait traktér modelinde, KRN ile
pedallarin merkezleri arasindaki mesafeler (AG1,
AK1, AFR1, AFL1), KRN ekseni ile fren (sol ve sag)
pedallar1 merkezlerinin yatay uzakhig (AFR2, AFL2),
KRN ekseni ile gaz pedali merkezi arasindaki

yiikkseklik (AG3), KRN ile direksiyon merkezi
arasindaki uzaklik ve yiiksekligi (ED1, ED2), koltugun
sirt kisminin genisligi, alt kisminin uzunlugu (KRN
noktasindan itibaren), alt kisminin acis1 (K2, K4, K6)
boyutlari, ilgili standardi karsilayamamaktadir
(Cizelge 8).

TRE marka traktérin standardi %36.8 oraninda
kargiladigr saptanmigtir. Ergonomik kisitlar dikkate
alindiginda uygunlugun %78.6 oraninda oldugu
belirlenmigtir.

Ergonomik kisitlar dikkate alindiginda, KRN ekseni
ile fren (sol ve sag) pedali merkezinin yatay uzakhg
(AFR2, AFL2), KRN ekseni ile pedal merkezleri
arasindaki yiikseklik (AG3, AF3, AK3), gaz pedal
merkezi ile zemin arasindaki uzakhk (AG4)
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boyutlarinin o6nerilen simirlar arasinda olmadigi
belirlenmistir (Cizelge 8).

Bu traktér modelinde, ayak denetim elemanlarinin
(gaz, fren ve kavrama pedallar) standart ve

ergonomik kisitlarin hicbirini kargilayamadigi, diger
denetim elemanlarinin ise daha az kusurlar icerdigi
belirlenmigtir.

Cizelge 8. TRE marka traktore ait 6l¢im verileri ve referans degerler

Olgiilen Degerler (mm)

Referans Degerler (mm)

TRE Standart Ergonomik
Kisaltmalar TRE1 Min Max Opt Max
AG1 450%* 600 720 805 855
AK1 460* 600 720 805 855
AFR1 480* 600 720 805 855
AFL1 510% 600 720 805 855
AG2 190 400 100+2-200+5 300
AK2 300 75 300 100+2-200+5 300
AFR2 410%*x 75 300 100+2-200+5 300
AFL2 310%*x 75 300 100+2-200+5 300
AG3 520*x 230-290 400-460 200+5-300 400+5
AF3 430x 230-290 400-460 200+5-300 400+5
AK3 460x 230-290 400-460 200+5-300 400+5
AG4 70x 100 250
AF4 140 100 250
AK4 130 100 250
AG5 20 100
AF5 50 100
AK5 40 100
ED1 530% 425 525 500 620
ED2 140* 265-325 325-385 150-500 (-5)-1090
EV1 280 500 620
EV2 40 150-500 (-5)-1090
EH1 400 500 620
EH2 60 150-500 (-5)-1090
EK1 370 500 620
EK2 120 150-500 (-5)-1090
EG1 230 150-500 (-5)-1090
EG2 60 500 620
K1 330 260
K2 420* 450
K3 10 5 15
K4 230%* 260 310
K5 300 300
K6 6* 7,5 12
K7 20 10 50

*TS ISO 4253 standartina uygun olmayan veriler
x Ergonomik olmayan denetim elemanlari verileri

TRF Marka ve Modellerine Ait Degerlendirme

TRF markasina ait modellerde, KRN ile gaz pedali
merkezi arasi mesafe (AG1), KRN ile direksiyon
merkezi arasindaki uzaklhk ve yiiksekligi (ED1, ED2),
koltugun sirt kisminin genisligi (K2) ve koltugun alt
kisminin uzunlugu (KRN noktasindan itibaren) (K4)
boyutlarinin her 1iki model 1i¢in de standardi
karsilamadig1r saptanmistir. TRF2 modeli i¢in ayrica,
KRN ekseni ile kavrama pedali merkezinin yatay
uzakhign (AK2) boyutunun da standarda uygun
olmadig belirlenmistir (Cizelge 9).
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Modellerin standarda uygunluk oranlarinin TRF1 igin
%73.7, TRF2 i¢cin %68.4 oldugu tespit edilmistir.
Standarda en uygun modelin %73.7 ile TRF1 oldugu
bulunmustur. Ergonomik kisitlar dikkate alindiginda
uygunlugun TRF2 modeli i¢in %92.9, TRF1 modeli i¢in
%85.7 oraninda oldugu belirlenmigtir.

Iki traktér modelinde, KRN ekseni ile gaz pedal
merkezinin yatay uzakh@ (AG2) Dbiyiikligi,
ergonomik kisitlar1 kargilamamaktadir.

TRF1 modelinde ayrica, KRN ekseni ile gaz pedali
merkezi arasindaki yiikseklik (AG3), KRN ekseni ile
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¢ nokta aski diizeni denetim elemanlari ve kuyruk
mili kavrama kolunun diisey uzakhiginin (EH2, EK2)
ergonomik kisitlara uygun olmadigi belirlenmisgtir
(Cizelge 9.).

TRF2 modelinde ise AG2’ye ek olarak, KRN ekseni ile
kavrama pedali merkezinin yatay uzakligi (AK2)
boyutlar: da ergonomik kisitlara uygun degildir.

Cizelge 9. TRF traktore ait 6l¢iim verileri ve referans degerler

Olgiilen Degerler (mm)

Referans Degerler (mm)

TRF Standart Ergonomik
Kisaltmalar TRF1  TRF2 Min Max Opt Max
AG1 550* 520* 600 720 805 855
AK1 620 650 600 720 805 855
AFR1 640 640 600 720 805 855
AF1L1 640 640 600 720 805 855
AG2 310x 355x 400 100+2-200+5 300
AK2 240 315*%x 75 300 100+2-200+5 300
AFR2 290 215 75 300 100+2-200+5 300
AFL2 220 265 75 300 100+2-200+5 300
AG3 440x 385 230-290 400-460 200+5-300 400+5
AF3 310 250 230-290 400-460 200+5-300 400+5
AK3 330 290 230-290 400-460 200+5-300 400+5
AG4 100 100 100 250
AF4 250 250 100 250
AK4 220 205 100 250
AG5 80 80 100
AF5 10 45 100
AK5 40 55 100
ED1 640* 600* 425 525 500 620
ED2 160* 170* 265-325 325-385 150-500 (18;0
EV1 380 360 500 620
(-5)-
EV2 140 10 150-500 1090
EH1 310 430 500 620
(-5)-
EH2 (-210)x 100 150-500 1090
EK1 350 250 500 620
(-5)-
EK2 (-230)x 20 150-500 1090
(-5)-
EG1 150 170 150-500 1090
EG2 230 290 500 620
K1 340 340 260
K2 380* 380* 450
K3 7 7 5 15
K4 250% 250* 260 310
K5 300 300 300
K6 12 12 7,5 12
K7 20 20 10 50

*TS ISO 4253 standartina uygun olmayan veriler
x Ergonomik olmayan denetim elemanlari verileri

SONUC ve ONERILER

Calismada elde edilen sonucglara gore, standarda
uygunluk ile kullanim kolayligi arasinda paralellik
olmadig1 goriilmistiir. Ornegin TRF2 traktériinde
denetim elemanlarinin %92.6 oraninda ergonomik
oldugu, ancak bu traktoérin ilgili standardi %68.4
oraninda karsilamakta oldugu saptanmigtir. TRA3
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traktoriinde gaz pedalinin standarda uygun olmasina
ragmen, fren pedalimin altinda ve ¢ok yakin olmasi
nedeniyle ergonomik bir kullanima sahip olmadigi
belirlenmigtir.

U¢ nokta ask: diizeni denetim elemanlari, traktorde
arkadaki ekipmanin kontroli i¢in siklikla kullanilan
denetim elemanidir. Bu denetim elemani TRA2, TRB1,
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TRD1, TRD2, TRF1 traktérlerinde ergonomik bir
kullanim sunmamaktadir. Fakat TRA1 model
traktéorde ergonomik smirlari  sayisal olarak
karsilamadig1 ifade edilse de, operatériin kullanim
sirasinda ergonomik bir problem ile kargilagsmadigi
gozlemlenmistir.

El ile kontrol edilen denetim elemanlarinda 6zellikle
¢ nokta aski diizeni ve kuyruk mili kavrama kolu
denetim elemanlari ergonomik problemlerin tespit
edildigi denetim elemanlaridir. Bu problemlerin en
aza indirgenmesi i¢in kavrama kolu yerine elektronik
bir tus vasitasi ile kuyruk mili kavrama kolu kontrol
edilebilir. U¢ nokta ask: diizenegi kontrolil icin ise
kontrol kollari, koltugun hizasinda, elin optimum veya
maksimum ulagabilecegi noktadan uzakta
konumlandirilmamalidar.

Olgiilen bahge traktorlerinde standard:i en yiiksek
oranda karsilayan traktér TRC1 (%78.9), standartlar
en az kargilayan traktor ise TRE1 (%36.8) olarak
saptanmigtir. Ergonomik kisitlar incelendiginde ise en
ergonomik traktér TRF2 (%92.5), en az ergonomik olan
traktor ise TRA2 (%75) olarak belirlenmistir.
Modellerin yiizdeleri de incelendiginde traktérlerin
ergonomik uygunlugu, standartlara olan ylizdesel
uygunluga goére daha yuksektir. Bu duruma gore
traktor Ureticilerinin standartlara uyumdan ¢ok
ergonomik kullanima daha fazla o6nem verdikleri
soylenebilir.

Genel anlamda bahge traktorlerinin denetim
elemanlarinin yerlesimindeki sikintilar, tarla tipi
traktorlerdeki standartlarin (TS ISO 4253) bahce tipi
traktorlerde de karsilanmaya  c¢alisilmasindan
kaynaklanmaktadir. Ozellikle fren ve gaz pedallarinin
konumu kucuk c¢alisma alamindan  kaynaklh
standartlar1  karsilayamamakta ve  ergonomik
kusurlara sebep olmaktadir. Bu sikintimin ¢éztumi
olarak bahge traktorlerine uygun yeni standart veya
ayak denetim elemanlarinin yeniden tasarlanip daha
ergonomik ve standartlar1 yakalayacak bi¢imde
yapilmasi gerekmektedir. S6z konusu yerlesim
kusurlari, 6zellikle birbirlerine yakin konumlandirilan
fren ve gaz pedallarinda yogunlagsmaktadar.
Traktorlerde standartlasmis olan sag ve sol fren
uygulamasinin bahge traktorlerinde tek bir fren pedal
ile saglanabilmesi, saptanan sorunlari 6nemli diizeyde
azaltacaktir. Ayr1 sag ve sol fren iglevinin farkl
diizenlemeler ile saglanabildigi bu tasarim ile bahge
traktorlerindeki kisith alan daha efektif
kullanilabilecektir.
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OZET Aragtirma Makalesi
Seralarda 1sitma maliyetlerinin dustralmesi; 1s1 gereksiniminin

azaltilmasi, 181 enerjisinin ucuz, verimli ve ¢evreci bir gekilde elde Makale Tarihgesi
edilmesi, enerjinin iletimi esnasinda ortaya c¢ikan kayiplarin Gelig Tarihi - 14.04.2019
azaltilmasi ile miimkiindir. Modern seralarda yapisal iyilestirmeler Kabul Tarihi :24.05.2019

ile 1s1 gereksiniminin azaltilmasinin yaninda, 1s1 enerjisinin
korunumu amaciyla 1s1 perdesi kullanimi tercih edilmektedir. Ancak
151 perdeleri sera yatirim maliyeti igerisinde oOnemli bir yer
tutmaktadir. Bu nedenle 1s1 perdesi ile etkin bir sekilde tasarruf
saglanmasi i¢in sizdirmazlik durumu ve tasarruf oranlarinin yatirim
yapilmadan énce analiz edilmesi 6nem arz etmektedir.

Bu c¢alismada Dogu Akdeniz iklim kosullarinda yan duvarlari
polikarbonat ve c¢atisi tek kat PE ortili olan ve aliminyum seritli 1s1
perdesi kullanilan, toplam 7392 m?2 taban alami sahip 55 m
uzunlugunda tu¢ bolmeden olusan bir serada, 1s1 perdesinin
sizdirmazlik durumu ve 1s1 perdesi ile saglanabilen yakit tasarrufu
arastirnlmigtir. Elde edilen bulgular 1s1 perdesi sizdirmazlik
katsayisinin  0.30 ve yakit tasarruf oranminin %28 oldugunu
gostermektedir. Yapilan ¢alismada ayrica ekonomik agidan 1s1 perdesi
yatirimina iligkin degerlendirmelerde bulunulmustur.

Anahtar Kelimeler
Seralarda 1sitma
Is1 koruma

Is1 tasarrufu

Is1 perdesi

Enerji verimliligi

Determination of the Effect of Thermal Screen Usage on Heat Saving in Greenhouses and an Evaluation
from Economic Perspective

ABSTRACT Research Article

Reducing the heat requirement, obtaining heat energy in a cheap,

efficient and environmentally friendly manner is possible by reducing Article History

the losses that occur during the transmission of energy. In addition to Received - 14.04.2019
reducing the heat requirement by structural improvements in modern Accepted ©24.05.2019

greenhouses, it is also preferred to use thermal screen for the
protection of heat energy. However, the thermal screen has an
important place in the greenhouse investment cost. For this reason, it
is important to analyze the air-tightness and saving rates of the
thermal screen before investing in order to effectively saving with the
thermal screen.

In this study, thermal insulation and fuel saving rate of thermal
screen were investigated in the greenhouse in Eastern Mediterranean
climate conditions in Turkey. The greenhouse side walls were covered
with polycarbonate and the roof was covered with single layer PE. Its
length was 55 m and total floor area was 7392 m2. It had three
compartments and aluminum striped thermal screen were used. The
findings showed that the thermal screen air-tightness coefficient was
0.30 and the fuel saving rate was 28%. Also, the thermal screen
investment was evaluated from an economic perspective.

Keywords
Greenhouse heating
Heat protection
Heat saving
Thermal screens
Energy efficiency
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GIRIS

Diizenli olarak isitilan yiliksek teknolojiye sahip
seralarda 1sitma giderleri igletme giderleri igerisinde
bélgenin iklimine bagl olarak ilk veya is¢ilikten sonra
ikinci sirada yer almaktadir. Akdeniz bdélgesinde
diizenli olarak 1sitilan seralarda isitma giderleri %20 -
25 ile ikinci sirayr alirken, soguk bdélgelerde birinci
sirada yer alir (Baytorun ve ark., 2017a). Seralarda 1s1
korunumu amaciyla 1s1  enerjisinin  seraya
iletilmesindeki kayiplarin azaltilmasi, 1s1 perdelerinin
kullanilmas1 ve riizgardan koruma gibi baz teknik
énlemler uygulanmaktadir (Von Zabeltitz, 1986). Bu
teknik oOnlemlerle tasarruf edilebilecek 1s1 enerjisi
oranlar1 %5-40 arasinda degismekle birlikte en fazla
1s1 tasarrufu 1s1 perdeleri ile saglanabilmektedir
(Ruhm ve ark., 2007). Is1 perdesi ve diger tasarruf
onlemleri ile 1sitma maliyetleri acisindan dezavantajlh
olan bélgelerde rekabet sans1 artirilabilir (Cayl ve
Temizkan, 2018).

Enerji tasarrufu amaciyla uygulanan yoéntemin, kig
aylarinda minimum diizeyde olan glines 18181n1n
seraya girisini fazla etkilememesine ozellikle dikkat
edilmelidir. Seralarda enerji tasarrufu amaciyla cati
bélgesinde ¢ift kath 6rtii malzemesinin kullanilmasi
seraya ulasan 1s1k miktarimi azaltirken ayni zamanda
CO2 ve nem sorunu yaratabilmektedir (Tantau, 2012a,
Baytorun, 2016). Is1 kayiplarinin azaltilmas1 amaciyla
yapilan yalitim sonucunda, sera i¢indeki nemin de
yikselmesi dikkate alinmalidir. Bu sebeple son
yillarda yaygin olarak cati bélgesinde tek katl 6rti ve
gece saatlerinde iy1 yalitilmis hareketli 1s1 perdelerinin
kullanilmasi onerilmektedir (Baytorun, 2016). Is1
perdeleri ortamda 1s1 transferini azaltarak ek bir 1sil
direnc saglar (Arinze ve ark., 1986, Sethi ve Sharma,
2008). Bu perdelerin glndiz saatlerinde
toplanmasiyla fotosentez icin gerekli 1s181n (PAR)
seraya ulagsmasi saglanir. Iliman iklim bdélgelerinde
1s1tma i¢in gerekli olan 1s1 enerjisinin tamamina, soguk
bolgelerde %70-75'ine gece saatlerinde 1ihtiyag
duyuldugundan, 1s1 perdeleri ile sistem 1iyi projelenip
malzeme iyi segildiginde 6nemli diizeyde 1s1 tasarrufu
saglanabilir (von Zabeltitz, 1982, Baytorun, 2016).
Ayni1 zamanda 1s1 perdeleri 1sitma yapilmayan
seralarda don olayr riskini azaltmak ic¢in de
kullanilabilir (Teitel ve ark., 1996).

Is1 perdelerinin se¢iminde ise ki¢ik ylizey alanina
sahip olmalarina, farkli malzemenin kolay monte
edilebilmesine ve malzemede ¢ekme gerilmesinin az
olmasina dikkat edilmelidir (Meyer, 1982). Seralarda
kullanilan perdeler, enerji koruma, golgeleme,
karartma ve giindiiz enerji koruma perdeleri olarak
farklh amaglar i¢in kullanilirlar. Sts bitkileri
iretiminin yapildigi modern seralarda her ii¢ perdenin
ayr1 amagclar i¢in kullanimi s6z konusu olmaktadir.
Ancak son yillarda bu perdelerin gece saatlerinde
enerji tasarrufu amaciyla birlikte kullanildig:
gorillmektedir (Tantau, 2012a).
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Almanya’da gelecege yonelik disiik enerji gereksinimli
seralar (ZINEG) konusunda yapilan ¢calismalarda, 1s1
camla kapli serada iki kat enerji ve golgeleme
perdesinin birlikte kullanilmasi durumunda %70
enerji tasarrufu saglanabilmektedir (Tantau, 2012b).
Bu oran 1s1 perdesinin kullanilmadig1 tek kat camla
ortili seraya gore %84'lere kadar yikselmektedir
(Tantau, 2012a).

Meyer ve ark. (2014) Almanya iklim kosullarinda
yaptigr  calismada c¢ift kath ETFE (Etilen
TetraFlorEtilen) ile kaph serada farkl: 1s1 perdelerinin
sera cati ve yan duvarlarda kullanilmasi durumunda
ulagilabilen tasarruf oranlarini; ¢atida tek kat 1s1
perdesi kullanilmasi durumunda %55, ¢atida ¢ift kat
enerji perdesi yan duvarda stor tipi perde kullanilmasi
durumunda %90, catida 1s1 ve glundiiz perdesi yan
duvarlarda stor tipi perde kullanilmasi durumunda
%80 oldugunu bildirmektedirler. Rath (1992) ise
aliminyum dokusu az olan 1s1 perdesi ile %40,
aliminyum dokusu fazla olan 1s1 perdesi ile %50
oraninda tasarruf edilebilecegini rapor etmistir. Tek kat
enerjl perdesi yardimiyla seralarda %32 enerji
tasarrufu saglanabilirken, bu oranin ¢ift kat perde ile
%48'lere ve cift kat enerji perdesi ile %52'lere
cikarilabilmektedir. Domke (2011) serada sadece
giindliz perdelerinin kullanmilmasi durumunda gece
saatlerinde ihtiya¢c duyulan 1s1 enerjisi gereksinimini
%25, glundiz saatlerinde ise %9 azaltilabildigini
bildirmigtir.

Seralarda kullanilan perdelerin 1s1 tasarruf oranlari
perdelerin sizdirmazliklarina bagh olarak
degismektedir (Meyer, 1984, Miiller, 1987). Is1
perdelerinin yan duvar ve sera cepheleriyle birlestigi
yerler sizdirmaz olmalidir. Aksi takdirde 1sinan
havanin yiikselerek bu araliklardan gec¢ip cati orti
malzemesi tarafindan dig ortama taginmasi 1s1
tasarrufunu azaltmaktadir (Cayl ve ark., 2016, Onder
ve Baytorun, 2016). Aym1 zamanda 1s1 perdesi
sizdirmazligi iyi olan seralarda riizgar hizina bagh
olarak ortaya ¢ikan 1s1 kayiplar1 en disiik dizeydedir
(Schmidt ve ark., 2011).

Seralarda 1s1  gereksinimi  kullanmilan 1sitma
sistemlerinin tipi ve sera donanimina bagli olarak da
degismektedir (Baytorun ve ark., 2018b, a). Is
gereksinimi hesaplamalari, serada ortaya ¢ikan gergek
sicaklik ve seranin 6zelligine bagli sicaklik ylikselmesi
dikkate alinarak saatlik iklim degerlerine gore
yapilmalidir (Baytorun ve ark., 2018¢c). Is1 gereksinimi
hesaplamalarinda dogru sonuglar elde edebilmek i¢in
iklim verilerinin, arastirmanin yapildigi yerden
toplanmas1 da oldukca &énemlidir (Caylh ve ark.,
2018b). Aym1 zamanda sera cevre kosullarinin
teknolojik cihazlarla takip edilmesi ve ihtiya¢ duyulan
kogullarin otomatik olarak saglanmasi durumunda da
enerji tasarrufu saglanabilmektedir. Bu amagla
geligtirilen baz1 disliik maliyetli donanim ve yazilim
¢ozliimleri tUzerine yapilan arastirmalar da vardir
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(Cayl ve ark., 2017, Cayli ve Mercanl, 2017, Cayl ve
ark., 2018a).

Sera yapilar1 bolgenin iklim kogullarina goére insa
edilerek gerekli 1s1 tasarruf 6nlemlerinin alinmasi,
1sitma giderlerinden kaynakli Uretim maliyetlerinin
diistiriilmesi acisindan o6nemlidir (Boyaci ve ark.,
2016). Bununla birlikte seralar icin secilen 1sitma
sisteminin dogru olarak projelenmesi, enerji tasarrufu
ve ilk yatirim giderlerinin azaltilmasi agisindan buyuk
bir 6neme sahiptir (Akyiiz ve ark., 2017). Ayrica 1sitma
sistemlerinde yaygin olarak kullanilan kat1 yakacak
kazanlarinda serada ihtiya¢ duyulan 1s1 ylikiine bagh
olarak yanma isleminin diizenlenmesi oldukg¢a zor
oldugundan 1s1 enerjisi etkin bir sekilde kullanilamaz.
Bu amacla ihtiya¢ fazlasi 1simin sicak su tankinda
(buffer) depolanmasi, tiiketilen yakittan elde edilen 1s1
enerjisinin etkin kullanimi i¢in ¢ézim olarak
sunulmustur (Baytorun ve ark., 2017b).

Serada 1s1 kaybini artiran diger bir faktorde dig
ortamdaki rlizgar hizidir. Artan riizgar hizi, 1s1 perdesi
kullanilan seraya kiyasla daha yiiksek 1s1 kayiplarina

Cizelge 1. Arastirma serasinin teknik 6zellikleri

neden olur. Is1 perdeleri 1s1 kayiplarini azaltarak 1si
tasarrufu saglar (Sethi ve Sharma, 2008, Cayl ve
Akyiiz, 2019).

Yapilan bu ¢alismada diizenli olarak isitilan plastik
ortili serada kullanilan 1s1 perdelerinin, turetici
kogullarinda etkinliginin ve tasarruf oranlarinin
belirlenmesi ve 1s1 perdelerinin altinda ortaya cikan
iklim etmenlerinin izlenmesi ama¢lanmagtir.

MATERYAL ve METOT

Arastirma Osmaniye Ili, Cevdetiye ilgesinde (36E14,
37N03) kurulan orta teknolojiye sahip plastik
seralarda yurutilmustir. Arastirmada kullanilan
blok seranin boyutlar1 ve teknik ozellikleri Cizelge
1'de, sematik goértinumu ise Sekil 1’de verilmigtir.
Seranin catisinda 180 mikron kalinhiginda tek kat
katkili PE plastik, yan duvarlarda ise ¢ift kat (8 mm
aralikll) polikarbonat (PC) plakalar kullanilmigtir.
Sera li¢ bolmeden olusup birinci bélmede biber, ikinci
bélmede hiyar ve patlican, lgilinci bolmede domates
yetistirilmigtir.

Sera Teknik Ozellikler

Tip / Model

Gotik Catili (9600) — Catida Cift Kelebek Havalandirma

Cat1 ortiistu

Polietilen Plastik 180 mikron

Yan duvar ortisi

Cift Kat (8 mm) PC

Bloktaki tiinel sayisi

15, Tiinellerden biri hizmet koridoru

Bloktaki bélme sayis1 3
Oluk alt1 yliikseklik 4.0 m
Mahya yiiksekligi 6.15 m

Tinel Uzunlugu 556 m

Bolme alanlar:

Bolme-1: 2112 m2, Bélme-2: 2640 m2, Bolme-3: 2640 m?2

il

—
+

¥ a Skrvis Yoly : Sewisi\’olu ! ! ServisYolu t
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Sekil 1. Arastirma serasinin sematik gérinimu
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Serada havalandirma g¢atida bulunan havalandirma
kapaklar ile saglanmigtir. Havalandirma
kapaklarinin agiklik orani sera taban alaninin
%401dir. Havalandirma acgikliklarindan seraya
boceklerin girmesini 6nlemek amaciyla bocek tila
gerilmis ve  havalandirma  sicakhigi  20°C'ye
ayarlanmigtir.

Isitma sikistirilmis dogal gaz (CNG) yakit kullanan
merkezi kalorifer sistemiyle yapilmistir. Giinlik gaz
tiketimleri otomatik olarak birer saat aralikli olarak
kaydedilmis ve bilgisayar yardimi ile takip edilmigtir.
Serada en dusik sicaklik 15°C'ye ayarlanmigtir.
Seralarda 1s1 koruma amaciyla gélgeleme orani %55 ve
enerji tasarruf orani %58 olan seffaf akrilik ve
aliiminyum seritlerden olusan 1s1 perdesi (PH 55)
kullanilmistir. Is1 perdesi saat 8.90'de toplanmig ve
saat 17.90'de acilacak sekilde elle kumanda edilerek
yonetilmigtir. Is1  perdesinin yakit tasarrufunu
belirlemek igin belirli giinlerde perde kapatilmadan
serada olgiimler yapilmistir.

Serada sulama damla sulama ile gerceklestirilmistir.
Bitki besin maddeleri damla sulama ile birlikte
verilmistir.

Sicaklik ve oransal nem degerlerinin kaydedilmesinde
On-Set HOBO Ul2 marka veri kaydediciler
kullanilmistir. Bu cihazlar (-20)°C - 70°C arahiginda, +
0.35°C dogruluk oraninda sicaklik 6l¢imi ve %5 - %95

arasinda, %2.5 hassasiyette oransal nem o6lgimi
yapabilmektedirler. Sera bélmelerinde perde altindaki
veri kaydediciler yerden 1 m yikseklige, perde
uzerindeki veri kaydediciler ise ¢at1 bolgesinde perde
ve mahya arasina gelecek sekilde yerden 5.5 m
yikseklige yerlestirilmigtir. Sicaklik ve nem degerleri
15 dakika araliklarla olgilip kaydedilmistir. Sera
disindaki sicaklik degerleri ise dis ortamdaki
meteoroloji istasyonundan yerden 2 m ylkseklige
yerlestirilen ayni model veri kaydedici ile 6lgtilmustiir.

Serada kurulu 1s1 perdesi sisteminin sizdirmazligi
Esitlik T’e goére belirlenmistir (Von Zabeltitz, 1986,
Oztirk, 2008, Von Zabeltitz, 2011).

_ Bpst—bo
VS!Z N Bp,alt_eo (1)
Esitlikte;
Vazt  Perdenin sizdirmazlik katsayis: (-)

0par:  Perde alt1 sicaklik (°C)
6,usc:  Perde tistii sicaklik (°C)
0,: D1s sicaklik (°C)
BULGULAR ve TARTISMA

Osmaniye iklim kogullarinda PE plastik serada gece
saatlerinde (00.90-05.%) perde iistiinde, altinda ve dis
ortamda olgiilen ortalama sicaklik degerleri Sekil 2’de
verilmigtir.

o
= 8
S 6
)
4
2 ¢
0 / —=— P, Alt1 Sicaklik —e— P Ustii Sicaklik —<— Dis Sicaklik
-2 - T T T T . . . . . )
1 8 15 22 29 36 43 50 57 64

71

Yilin Giinleri
Sekil 2. Gece saatlerindeki perde alt1, perde iistii ve dig sicaklik (1 Ocak — 15 Mart 2019)

Sekilden de gorilecegi gibi 1 Ocak- 15 Mart 2019
tarihleri arasinda gece saatlerindeki ortalama dis
sicaklik degerleri -1.0°C ila 14°C arasinda degisirken,
serada ortalama gece sicakliklar1 perde altinda 16°C
civarinda seyretmistir. Ancak dig sicakligin ¢ok dugtik
oldugu gtinlerde i¢ sicaklik degeri 12.5°C’ye kadar
dismiistir. Perde altindaki sicaklik dig sicakliktan
fazla etkilenmezken, perde tizerindeki sicaklik dig
sicakhigin seyrine bagh olarak degisim géstermistir.
Gokyluzinin agik oldugu baz1 gecelerde perde
uzerindeki sicaklik degerleri dig sicaklik degerlerinin
altina diismustir. Bunun nedeni PE plastigin belirli
bant araligindaki uzun dalgali 1s1 1ginlarim
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gecirmesidir (Von Zabeltitz, 1986, Baytorun, 2016).

Hiyar ve patlican tretimi yapilan B6lme-2’de giinlin
saatlerine bagh olarak ortaya ¢kan sicaklhik
degigsimleri 12 Ocak 2019 gunt ig¢in Sekil 3'de
verilmigtir. Sekilden de gorilecegi gibi gece 1s1
perdelerinin kapali oldugu saatlerde serada sicaklik
15°C civarinda seyrederken dis sicakhlk minimum
2°C’ye, perde uzerindeki sicaklik dig sicakliga bagh
olarak 7°C’ye kadar diigmustiir. Perde tsti ve perde
alt1 sicaklik degerleri arasinda yaklagik 6°C sicaklik
fark: kaydedilmigtir. Sicaklik farkinin yiiksek olmasi
1s1 perdesi sizdirmazlik durumunun iyi oldugunu
gostermektedir
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Sekil 3. Bolme-2’de 12- Ocak 2019 tarihinde sicaklik degerleri

Aragtirmanin yapildig1 serada 1s1 perdeleri sabah saat
8.00de toplanmis ve serada artan sicakliga bagli olarak
1sitma sistemi kapatilmistir. Glinesin dogusuna bagh
olarak dis ortam ve serada sicaklik degerleri
yikselerek saat 13.90de en yuksek degerine
ulagmigtir. Glindiiz saatlerinde 1sitmanin yapilmadigi
serada Dbitki sira aralarinda sicakhlk 21°Cye
yikselirken, perde tizerinde ¢at1 bolgesindeki sicaklik
25°C  olarak kaydedilmigtir. Gilnin ilerleyen
saatlerinde giines 1s1niminin azalmasina bagh olarak
sera ve dig sicaklik degerleri dismeye baslamig, saat
17.90de 1s1 perdeleri kapatilmig, saat 18.°°den sonra
perde altindaki sicaklik degerleri 11°C’de, perde
uzerindeki sicaklik degerleri 1se dis sicaklik
degerlerinin altinda seyretmeye baslamistir. Isitma
sistemi saat 21.9°den sonra devreye alinmis ve serada
sicaklik yukselmeye baglamigtir. Serada sicaklik saat
23.0de ayarlanan sicaklik degerine ulasmistir (Sekil
3). Is1 perdesinin kapatilmasindan hemen sonra 1sitma
sistemi devreye alinmadigindan perde tzerindeki
sicakhik dig sicakhigimi altina diasmustir. Plastik
seralarda en buylik sorun PE plastigin belirli bant
genigligindeki IR 1sinlar1 gecirmesidir (Von Zabeltitz,
2011). Bu durum 6zellikle acik gokyiizii kosullarinda

serada sicakligin dis sicaklik degerlerinin altina
diismesine neden olur. Sekil 3’'de de goriilecegi gibi
perde lzerindeki sicaklik 1sitmanin  devreye
girmesinden sonra gece saat 00.da dis sicaklik
degerlerine ulagabilmistir.

Is1 perdeleri serada 1s1 kayiplarini o6nlerken perde
altinda oransal nemin ytkselmesine neden olurlar. Is1
perdelerinin kullanilmadig1 seralarda orti ylizey
sicakligr dis sicaklik nedeniyle ¢ig noktas1 sicakligina
ulagtigindan, seradaki nemin Orti ylizeyinde
yogunlasmasina baglhh  olarak seradaki nem
azalmaktadir (Von Zabeltitz, 2011, Baytorun, 2016).
Ancak bu durum, yogunlasan su damlaciklarinin
bitkilerin tzerine damlamasi ve hastaliklarin ortaya
¢itkmasi nedeniyle arzu edilmemektedir. Is1
perdelerinin kullanildig1 seralarda perde sicakliklar:
¢ig noktasi sicakliklarina ulagmadig i¢in yogunlagma
olmamakta ve bitkilerin transpirasyonu nedeniyle
perde altindaki nem asir1 yiikselmektedir.

Aragtirmanin yurutuldugiu seradaki Bolme-2’de 7-11
Ocak 2019 tarihleri arasinda 6l¢lilen sicaklik ve nem
degerleri Sekil 4'te verilmistir.

—=— PA sicaklik ——PU sicaklik ~ ------ Dis Sicaklik —— PA Nem ---- PUNem
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40 80
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o 30 60 £
= 25 50 2
5 2 40 g
— c
v 15 30 S
10 20 ©
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0 . . . . . : . . . 0
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Yilin saatleri

Sekil 4. Bolme-2’de 7-11 Ocak 2019 tarihleri arasinda sicaklik ve nem degerleri
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Sekilden de goriilecegi gibi perde altindaki nem
degerleri seradaki sicakliga baglhh olarak gece
saatlerinde %75-98 arasinda degisim g0stermistir.
Serada 1sitmanin henliz devreye alinmadig: saatlerde
perde altindaki nem degerleri %98'e yiikselirken,
1sitmanin devreye girmesi sonucu nem degerleri %75'e
kadar diigsmiustiir. Perde tizerindeki nem degerleri ise
perde Usti sicakliginin diismesi nedeniyle gece
saatlerinde %100'e ulagsmistir (Sekil 4). Seradaki

oransal nem dig iklim kosullar1 yaninda, serada
uretilen bitkinin yaprak alan indeksine bagl olarak
degismektedir. Serada uretilen bitkinin yaprak alan
indeksi degeri biiyiikk oldugunda, transpirasyonla
ortama verdikleri su buhari artmakta, bu durum
serada nemin yikselmesine neden olmaktadir. Sekil
5te biber yetistirilen Bélme-1'de 7-11 Ocak 2019
tarihleri arasinda yapilan sicaklik ve nem odlgiimleri
verilmigtir.
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50 +--- D e B i . e ,-- r 100
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Yilin Saatleri 7-11 Ocak 2019
Sekil 5. B6lme-1’de 7-11 Ocak 2019 tarihleri arasinda sicaklik ve nem degerleri
Sekil 5 incelendiginde perde altinda gece saatlerinde ginlik ortalama CNG tiketimleri Sekil 6'da

ortaya cikan nem degerleri en fazla %70 civarinda
olmustur. Bunun da nedeni biber bitkisinin yaprak
alan indeks degerinin kigik olmasindan
kaynaklanmaktadir. Ancak perde tuzerindeki nem
degerleri gece saatlerinde sicakligin diismesine bagh
olarak %100'e ulasmaktadir.

Aragstirmanin yapildig1 serada dizenli 1sitma 11
Aralik’ta baglamigtir. Aralik ayinda kullanilan toplam
CNG miktar:1 9927 m3/ay, ocak ayinda 14653 m3/ay,
subat ayinda 12292 m3/ay ve mart ayinin 18ine kadar
6294 m3/ay olmustur. Birim sera alan1 i¢in aylara bagh

verilmigtir. Sekilden de goriilecegi gibi en yliksek CNG
tiketimim ocak ayinda gerceklegsmistir.

Serada tuketilen yakit miktarina bagli olarak ulasilan
sicaklik farki (AT) 1s1 perdesinin acik ve kapali oldugu
kogullar i¢in Sekil 7'de verilmigtir.

Sekil 7 incelendiginde artan sicaklik farkina baglh
olarak tiiketilen yakit miktarimin dogrusal olarak
arttig1 goriilmektedir. Serada ulasilan sicaklik farkina
ile tiiketilen yakit miktar: arasinda yapilan regresyon
analizinde Cizelge 2 verilen esitlikler elde edilmigtir.
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Sekil 6. Aylara gore birim alan i¢in tiketilen giinliik CNG miktar:
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Sekil 7. Serada ulasilan sicaklik farkina baglh olarak tiiketilen CNG miktarlari

Cizelge 2. Sicaklik farki ile tiiketilen yakit miktar:
arasindaki iligkilere ait egitlikler

Is1 Perdesiz | myax=0.5169*AT+2.0984 | R2=10.83
Is1 perdeli myax=0.3453*AT+1.698 | R?2=0.66
Aragtirmanin  yapildig1 serada 181 perdesinin

kapatilmasi durumunda tasarruf edilen yakit miktar:
%28 olarak hesaplanmistir. Cayli ve Akyiiz (2019)
Aym 6zellikteki sera icin 1s1 perdesi ile tasarruf oranini
%36 oldugunu bildirmektedir. (Bailey, 1976)
aliminyum seritli 1s1 perdesi ile tek kat camla kaph
serada %28 oraninda tasarruf saglanabilecegini rapor
etmistir. Le Quillec ve ark. (2004) ise 1s1 perdeleri ile
% 22-27 arasinda tasarruf saglanabilecegini
bildirmigtir. Daha bir¢ok arastirmaci bu konuda
yaptiklar1 calismalarda %20-%70 arasinda tasarruf
saglanabilecegini bildirmislerdir (Mihara ve Hayashi,
1979, Chandra ve Albright, 1980, Fuller ve ark., 1984,
Jolliet ve ark., 1984, Meyer, 1984, Arinze ve ark., 1986,

1,00 -
0,80 A
0,60 -
0,40 ~
0,20 ¢
0,00 A
-0,20 ~
-0,40 -
-0,60 -
-0,80 ~
-1,00 . . . .
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Pirard ve ark., 1994, Critten ve Bailey, 2002, Yiiksel,
2012, Newell ve ark., 2015). Ancak bu verilen tasarruf
oranlar1 sera yapisi, orti malzemesi, sizdirmazlik
durumu ve rizgar hiz gibi bircok faktore bagh olarak
degismektedir. Bu arastirmada elde edilen %28
oranindaki bulgunun, literatiirde benzer o6zellikteki
arastirmalardaki bulgulara yakin bir deger oldugu
gorilmustuir.

Seralarda kullanilan 1s1 perdelerinin tasarruf oranlari
perdelerin s1zdirmazliklarina baglidar. Ideal
kogullarda 1s1 perdelerinin sizdirmazliklarini temsil
eden I, katsayisinin 0.30 civarinda olmasi arzu edilir.
V.., katsayisinin 1'e yaklagsmasi 1s1 perdesi
sizdirmazliginin kot oldugu anlamina gelmektedir
(Meyer, 1982, Miiller, 1987).

Aragtirma seras1 Bolme-2’de kullanilan 1s1 perdeleri
i¢in yilin farkli ginlerinde hesaplanan V,,, degerleri
Sekil 8'de verilmisgtir.

15 22 29

36

43 50 57 64 71

Yilin Guinleri

Sekil 8. Is1 perdesinin kullanildig: serada V,,,degerleri

Sekilden de goriilecegi gibi 181 perdesinin kapali oldugu
gece saatlerinde V,,, degerleri bazi glnlerde 01n
altinda hesaplanmistir. Buna, daha 6ncede belirtildigi
gibi gokyuzinin acgik oldugu gecelerde perde
uzerindeki sicakligin dis sicaklik altina diismesi neden
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olmustur. Normal kosullar i¢in hesaplanan 1V,
degerlerinin 0.20-0.40 arasinda degismektedir. Ortaya
¢itkan sapmalar gokylizii kosullarindan ve perdenin
sizdirmazligindan kaynaklanmistir.

Cizelge 3'te arastirmanin yapildig1 sera bélmelerinde
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1 Ocak-15 Mart doneminde her giin i¢in gece saat
24.00 sabah saat 05.00 arasindaki degerler igin
hesaplanan maksimum, minimum ve ortalama V,
degerleri verilmigtir.

Cizelge 3. Bolmeler i¢in hesaplanan V,,,degerleri
Vs Bolme-1 Bolme-2
Maksimum 0.50 0.46
Minimum 0.11 0.11
Ortalama 0.34 0.33

Cizelge-3 de gorulecegi gibi biber yetistirilen Bélme-1
icin hesaplanan V,, degerleri 0.11-0.50 arasinda

degigirken, hiyar ve pathican tretiminin yapildig:
Bolme-2’de bu degerler 0.11-0.46 arasinda degismistir.
Bolme-1 i¢in hesaplanan ortalama V,, degeri 0.34
olurken B6lme-2’de bu deger 0.33 olarak bulunmustur.
Hesaplanan bu degerlere gore her iki bélme arasinda
onemli bir fark bulunmamaktadir.

Calismada 1s1 perdelerinin yatirim maliyeti ve
sagladig 181 tasarrufuna bagl maliyet
karsilastirilmasi da yapilmigtir. Bu amagcla Sekil 9'de
1s1 perdelerinin farkli faiz ve amortisman oranlarina
karsilik gelen yatirim maliyetleri ve serada kullanilan
yakitin bedeline bagh olarak 1s1 perdelerinin
sagladiklar1 yakit tasarruflar: verilmigtir.
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Sekil 9. Is1 perdelerinin yatirim bedeli ve saglayacaklari 1s1 tasarrufuna bagli maliyet karsilagtirmasi.

Seralarda 1s1 perdesinin kurulmasina karar vermeden
once tasarruf edilen yakit miktar: ve yakit bedelinden
gidilerek yatirnma karar verilmelidir. Serada
kurulacak olan 1s1 perdesinin yatirim bedeli 26 TL/m2,
amortisman ve banka faizleri orani %25 oldugu
kogullarda ve 1s1 perdesi yardimiyla tiretim periyodu
boyunca 6.5 kg/m? yakit tasarrufu saglandiginda,
kullamilan yakitin bedeli 1.5 TL/kg oldugunda
yapilacak olan yatirnm karli olacaktir. Sera
1sitmasinda kullanilan yakit bedeli 1 TL/kg oldugunda
yatirnm ile tasarruf edilen yakit giderleri basa bas
olacaktir. Bu durum atmosfere verilen emisyon
dikkate alindiginda anlam kazanacaktir. Ancak yakit
bedelinin 1 TL/kg'dan daha ucuz olmasi durumunda 1s1
perdesi i¢in yapilacak yatirimlar karl olmayacaktir.

SONUC

Diizenli olarak 1sitilan seralarda 1s1 korunumu, Giretim
maliyetinin dugliriilmesi ve karbon ayak izinin
kigiltilmesi acisindan buyik bir éneme sahiptir.
Seralarda enerji verimliliginin yikseltilmesinde en
cok kullanilan teknik Onlemlerden birisi 1s1
perdeleridir. Is1 perdelerinin amaca uygun secilmesi ve
yalitimlarinin saglanmasi 1s1 korunumu agisindan
onemlidir. Is1 perdelerinden beklenen tasarrufun
saglanabilmesi i¢in V,,, degerinin 0.30 degerine yakin
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olmalidir. Uygulamada kurulu olan 1s1 perdelerinin

etkinligini belirlemek amaciyla perde tizerinde,
altinda ve dis ortamda yapilacak sicaklik
6l¢imlerinden gidilerek 181 perdelerinin

s1zdirmazliklar: belirlenmelidir. Seralarda 1s1 perdesi
ile tasarruf edilen enerji miktarina, sera yan duvar ve
cephelerindeki izolasyon durumu 6énemli oranda etki
etmektedir. Tirkiye'de son yillarda yiiksek teknolojiye
sahip seralarda kurulan 1s1 perdelerinin yan duvar ve
cephelerdeki  birlesimlerinde  yeterli  izolasyon
saglanamadigi i¢in 1s1 perdelerinden beklenen tasarruf
saglanamamaktadir. Is1 perdelerinde ithal malzeme
kullanildigindan maliyetleri olduk¢a yiksektir. Bu
nedenle 1s1 perdesi kullanimi i¢in, saglayacaklar: yakit
tasarrufu, yakit bedeli ve yatirnm giderleri dikkate
alinarak karar verilmelidir.
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OZET Aragtirma Makalesi
Bu ¢alisma, bugday agro-ekosisteminde kullanilan pestisitler ve odun ) .
sirkesinin toprakta bulunan fungal ile bakteriyel mikroorganizmalar Makale Tarihgesi

ve toprak pH ile EC degerlerine etkilerini arastirmak amaciyla Gelis Tarﬂfli. ©26.02.2019
yapilmigtir. Calisma, 2014-2015 ve 2015-2016’da tarla denemesi Kabul Tarihi :16.05.2019
seklinde tesaduf bloklar1 deneme deseninde dort tekerrirli olarak

yurutilmustir. Denemede kullanilan odun sirkesi ve pestisitler sirt Anahtar Kelimeler

piilverizatdrii yardimiyla 1) pestisit muamelesi, 2) pestisit g%kten

muamelesine karsilik gelen %0.5, %1, %2, %3, %4 ile %5 ml odun Mikrof

sirkesi muameleleri ve 3) sadece sebeke suyu verilen kontrol I—llro ungus
p

muameleleri seklinde yapilmigtir. Deneme alani toprak érneklerinden
Aspergillus niger, Penicillium digitatum ve Penicillium italicum
mikrofungus turleri izole edilmistir. Pestisit ve odun sirkesi
muamelelerinin, arastirilan parametrelere etkisini belirlemek
amaciyla tekrarlanan 6l¢imli varyans analizi yapilmistir. Analizler
sonucunda, muamelelerin belirlenen 6zellikler: istatistiksel olarak
onemli diizeylerde etkilemedigi (P>0.612), buna karsin muamele
oncesi ve sonrasi arasindaki farklarin 6nemli oldugu gorilmustir
(P=0.000). Sonug¢ olarak, kullanilan pestisit ve odun sirkesinin
belirlenen parametreler tuzerinde olumsuz bir etki gostermedigi
sonucuna varmak miumkundur.

Investigation of the Effects of Pesticides and Wood Vinegar on Some Microbial and Physico-chemical
Soil Parameters

ABSTRACT Research Article

This study was conducted to determining the effects of pesticides and

wood vinegar on microorganisms including fungi and bacteria, soil pH Article History

and EC values in wheat agroecosystem. The study was designed as a Received ©26.02.2019
randomized block field trial with four repetitions in 2014-2015 and Accepted ©16.05.2019
2015-2016. Wood vinegar and pesticides were applied via a backpack

sprayer. The treatments were consisted of pesticide, wood vinegar Keywo.rds

(0.5, 1, 2, 3, 4 and 5% ml ) which equate to pesticide treatment, and Bacteria

the control (only tap water) treatments. Aspergillus niger, Penicillium EC .

digitatum and Penicillium italicum microfungi species were isolated lr\)/[}llcrofungl

from experimental soil samples. Repeated measurement variance
analysis was performed to determine the effect of pesticide and wood
vinegar treatments on the parameters investigated. Result of the
analyzes indicated that the treatments did not significantly affect the
determined properties (P>0.612), whereas the differences between the
pre and post treatment were significant (P=0.000). It can be concluded
that the pesticide and wood vinegar used did not have a negative effect
on the determined parameters.

To Cite : Kog I, Yardim EN 2019. Pestisitlerin ve Odun Sirkesinin Baz1 Mikrobiyal ve Fiziko-kimyasal Toprak Parametrelerine
Etkilerinin Arastirilmasi. KSU Tarim ve Doga Derg 22(6): 896-904. DOI: 10.18016/ksutarimdoga.vi.550376.

GIRIS koruma amach kullanmilmistir (Mahmood ve ark.,
Pestisitler, yiizyillarca tarimsal faaliyetlerde bitki 2016). Pestisitlerin yararlihii inkar edilememesine


mailto:ibrahimkoc47@gmail.com
https://orcid.org/0000-0003-0803-6801
https://orcid.org/0000-0002-0860-9887

KSU Tarim ve Doga Derg 22(6): 896-904, 2019 Aragtirma Makalesi/Research Article

ragmen, ¢evreye ve insan saghgina olumsuz etkileri de onerilen dozlarda bahce topragina muamele ettigi
gz ard1 edilemez (Quinn ve ark., 2011). Toprakta uzun ¢alismasinda, Agrosan®1n bakteri yogunlugunu en
stire kalan pestisitler, faydali mikroorganizmalarin ¢ok inhibe eden ¢esit oldugunu ifade etmistir. Karaboz
faaliyetlerini engellemekte, kismen veya tamamen yok ve Mericli-Yapic1 (2008), ALS-inhibe edici herbisitlere
olmasina sebep olmaktadir (Bosgelmez ve ark., 2000). karsi Azotobacter toleransinin, tarimsal
Pestisitlerin yogun kullanimindan 6tiiri, bazi olumsuz uygulamalarda kullanilan herbisit diizeylerinin g¢ok
durumlar olugsmaktadir. Bu durumlar, alternatif tuzerinde oldugunu ve tarimda uygulanan herbisit
metotlarin ve biyopestisitlerin aranmasini kaginilmaz dozlarinin toprakta bulunan serbest azot fikse eden
kilmaktadir (Erdogan ve Toros, 2005). Biyopestisitler; Azotobacter gelisimini etkilemedigini saptamiglardir.
hayvanlar, bitkiler, bakteriler ve ¢esitli mineraller gibi Demirci ve ark. (2002), baz1 funguslara uyguladig
dogal maddelerden elde edilmektedir (Yarsan ve Flusilazole®un etkili oldugu ve bunu Tebuconazole®,
Cevik, 2007). Dogal pestisit potansiyelindeki odun Diniconazole® ile Penconazole®un izledigi,
sirkesi (0S), 1s1l islem ile elde edilen (pyrolysis liquids) Cyproconazole® ve Triticonazole®'un en disik etkiye
bir Urtndir. Bu irinin Neanderthal zamaninda sahip fungisitler oldugunu tespit etmiglerdir. Kigiik
kullanildigi bulunmustur (Tiilikkala ve ark., 2010). ve ark. (2009), in-vitro kosullarinda, baz pestisitlerin
Kim ve ark. (2008) calismalarinda Jang’tan soz ederek, bir biyokontrol etmeni olan 7. harzianum'a etkisini
OS’un %80-901 su ve geri kalan kisminin da 200’den belirleme calismasinda bir kisim fungisitin fungus
fazla organik birlesikten olustugunu bildirmisglerdir. izolatlarinin gelisimlerini olumsuz etkileyebilecegi

Jothityangkoon ve ark. (2008), OS’un asetik asit ile kamsina varmiglardir. Ayrica, Digrak ve ark. (1999),
birlikte organik asitler, alkan, alkol, fenolik ve ester Karaarslan (2000), Sarkar ve ark. (2000), Colak (2001),
bilesikleri gibi ana bilegenlerden meydana geldigini Ugan ve Digrak (2001), Digrak ve Ozgelik (2002) ile
ifade etmiglerdir. Yatagai ve ark. (2002), Nurhayati ve Kog ve ark. (2018a)mn calismalarinda kullandiklar:
ark. (2005), Jothityangkoon ve ark. (2008), Baimark ve pestisit ve caligtiklari biyolojik parametreye gore farkh

Niamsa (2009), Chalermsan ve Peerapan (2009), sonuglara ulagmislardir. Bu ¢alismanin amaci, kishk
Velmurugan ve ark. (2009), Eric ve ark. (2012), Mao ve bugday agro-ekosisteminde kullanilan pestisitler ve
ark. (2010), Ibrahim ve ark. (2013), Oramahi ve odun sirkesinin toprakta mevcut bakteri ve
Yoshimura (2013), Saberi ve ark. (2013), Naml ve ark. mikrofungus popiilasyonlarinin yani sira, toprak pH

(2014), KO(} ve ark. (2017), Ko(; ve Yardim (2018), KOQ ve EC deéerlerine olas1 etkilerini arastlrmaktlr.
ve ark. (2018b) ve Kog (2019)'un ¢calismalarinda OSun
biyopestisit etkisini gozlemlediklerine dair ifadelerine MATERYAL ve METOT

rastlanilmaktadir. Ancak OS’un bu 6zelliginin yani Bu ¢alisma, Mus ili Berce Alparslan Tarim Isletmesine
sira toprak ve topragin barindirdigi mikrobiyal ait kighk tohumluk Krasunia odeska bugday
faktorlere ve bitkiye faydali oldugu hakkinda Mu ve tarlasinda (Enl.: 38047°33.1577”, Boy.: 41032'45.8119”,
ark. (2003), Shi (2003), Rakmai (2009), Cai ve ark. Yiik.: 1276 m) yiiriitilmistiir. Mus ilinde karasal bir
(2012), Saberi ve ark. (2013), Namh ve ark. (2014), Kog iklim hiitkim strmektedir. Burada yaz mevsimi

ve ark. (2018a) ve Ko¢ ve ark. (2019)min tespitleri genellikle kisa ve serin, kis soguk ve kar yagish olup

gorilmektedir. Namli ve ark. (2914)’ Sera denemesi ile ilkbahar ve sonbahar mevsimleri ¢ok kisa stirmektedir
yaptiklar (}3111511151131'1n'd?l tim OS" uygtl.lar.lfr.us' (TUIK, 2016). Calisma alanm1 bélgesinin iklimsel
topraklarin pH degerlerinin kontrole gére degistigini verileri, Mus il meteoroloji miidiirliigiinden temin

bulmuslardir. Ekundayo (2003), 11 adet pestisiti edilmistir (Cizelge 1).

Cizelge 1. Mus ili 2014-15, 2015-16 yillar1 ve uzun yillar ortalamas1 (UYO)) iklim verileri (Anonim, 2016)

Yagis (mm) Ortalama Sicaklik (“C) Nispi Nem (%)
2014-15 2015-16 UYO 2014-15 2015-16 UYO 2014-15 2015-16 UYO
740.4 790.1 740.5 11.55 11.48 10.62 55.02 54.00 60.79

Cizelge 2. 2014-2015 ve 2015-2016 yillarinda pestisit Deneme alanindaki topragin tekstiri Bouyoucos
ve farklh dozlarda OS uygulanan bugday (1951)e gore yapilmig olup killi ézelliktedir (kil orani;

parsellerindeki ortalama nem (%) miktar: %63.29, silt oran1; %25.8 ve kum orani; %10.9). Toprak
Yillar Orneklem Tarihi  Ortalama Nem (%) orneklerinin ortalama nem miktarlar1 (%), Kacar

19.05.2015 21.93 (2012)’a gére tespit edilmistir (Cizelge 2).
2014-2015  25.06.2015 19.31 Deneme, 2014-2015 ve 2015-2016 yillarinda tesadif
21.04.2016 28.36 bloklar1 deneme deseninde doért tekerriirli olarak
2015-2016  25.06.2016 13.23 kurulmustur. Parsellerin biytukligi 5mxX5m=25 m2
olup, bloklar ve parseller arasinda en az 2 m mesafe

birakilmistir.
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Denemede kullanilan OS, tavuk glbresinin
gazlastirma makinesi araciligiyla biyokomir ve OS
uriunlerini gelistiren bir firmadan elde edilmistir
(Naml ve ark., 2014). Pestisit ve giibre, denemenin
kuruldugu isletmenin zararl, hastalik, yabanci ot
micadelesi ve bugday besleme i¢in kullandiklari
trinlerden kullanilmigtir.

Denemede kullanilan pestisit ve OS, 16 L hacimli bir
sirt pulverizatori yardimiyla denemenin kuruldugu
isletmenin ilaclama ve uygulama takvimi takip
edilerek uygulanmigtir. Yapilan muameleler; 1)
pestisit muamelesi, 2) pestisit muamelesine karsilik
gelen %0.5, %1, %2, %3, %4 ve %5 ml OS muameleleri,
3) sadece sebeke suyu verilen kontrol muamelesi
seklinde yapilmistir.

Denemenin her iki yil i¢in ayr1 ayri olmak lizere tim
parsellere taban giibresi (NP 20-20-0, 13.7 kg ha-1) ve
boy giibresi (%46 iire, 10 kg ha-1) verilmistir. Pestisit
muamelesi yapilan parsellere: [2014-2015 icin, Weed
killer D® (etken madde: 2,4-D Acid Dimethylamin, 100
ml ha-1, Koruma) ve Duett Super® (etken madde: 84 g
L Epoxiconazole ve 250 g L Fenpropimorph, 100 ml ha-
1, Basf); 2015-2016 icin, Input® (etken madde: 160 g
L Prothioconazole + 300 g L Spiroxamine, EC, 100 ml
ha-1, Bayer), Harmony Platinum® (etken maddesi:
%37.5 Thifensulfuron methyl + %37.5 Tribenuron
methyl, DF, 2 g ha-1, Bayer), Duett Super® (etken
madde: 84 g L Epoxiconazole ve 250 g L
Fenpropimorph, 100 ml ha-1, Basf) ve Attribut Super
WG 20® (etken madde: %6.75 Propoxy carbazone-
sodium + %4.5 Mesos ulfuron-methyl, WG, 20 g ha-1,
Bayer) ile Biopower® (100 ml ha-1, Bayer)
karistirilarak uygulanmistir]. OS muamelesi yapilan
parsellere: her iki yil i¢cin %0.5, %1, %2, %3, %4 ve %5
ml OS uygulanmig, kontrol grubu parsellerine sadece
su verilmigtir. 2014-2015’te bir kez, 2015-2016’da dort
kez pestisit ve OS muamelesi yapilmistir.

Toprak ornekleri; muamele 0Oncesi, sonrasi ve
vejetasyon sonunda olmak tizere her parselin 8 ayri
yerinden (Yardim, 1996; Yardim ve Edwards, 1998)
nematod ornekleme aleti yardimi ile (10-30 cm
derinlikten) alinmis, ve érnekler iyice karistirildiktan
sonra pagal haline getirilip +4°C’de muhafaza
edilmistir (Yildiz, 2007; Yildiz ve ark., 2017). Toprak
ornekleri sirasiyla 2014-2015 i¢in muamele &ncesi,
sonras1 ve hasat sonu 19 Mayis, 25 Haziran ve 25
Temmuz 2015’te; 2015-2016 igin 21 Nisan, 25 Haziran
ve 09 Agustos 2016da alinmistir. pH (toprak
reaksiyonu) degerleri, Jackson (1958)a  gore
belirlenmistir. EC degerleri (uS/cm), Richards (1954)’a
gore yapilmistir. Toprak orneklerindeki, toplam
mikrofungus ve aerobik mezofilik bakteri sayisinin
tespiti Benson (2001)’a gére yapilmistir. Bakteri
sayimi igin PCA, mikrofungus sayimi igin Rose-
bengale Chloramphenicol Agar besiyerleri
kullanilmistir. Verilerin istatistik analizinde IBM
SPSS 24 paket programi kullanilmigtir. Yapilan

898

muamelelerin  etkisini  belirlemek amac1 ile
tekrarlanan oOlgimli varyans analizi tekniginden
(Repeated Measurement ANOVA) yararlanmilmistir
(Winer ve ark., 1971).

BULGULAR
Odun sirkesi ve pestisit muamelelerin toprak
mikrofunguslara etkisi
Deneme alanindaki toprak  o6rneklerinden 3
mikrofungus tiirii tespit edilmistir (Cizelge 3).
Cizelge 3. Deneme alaninda tespit edilen
mikrofunguslar

Sira No Adr

1 Aspergillus niger

2 Penicillium digitatum

3 Penicillium italicum

Verilere yonelik yapilan tekrarlanan 6l¢imli varyans
analizi sonucunda her iki yilda da muameleler
arasinda istatistiksel olarak oOnemli farklhiliklarin
olmadig1 (P>0.520) ve bu durumu zamanin (muamele
oncesi ve sonra) etkilemedigi (P>0.380) bulunmustur.
Buna karsin muamele dozu fark etmeksizin her iki
yilda da muamele 6ncesi ve sonrasi arasindaki farklar
onemli goriilmistir (P=0.000). 2014-2015’te ortalama
olarak en az muamele sonras1 %0.5, %1, %3 ve %5 ml
0OS'de (0), en c¢cok muamele 6ncesi %3 ml OSde
(17475000); 2015-2016’da en az muamele éncesi %2 ml
0S’de (10), en cok ise muamele sonrast %3 ml OS’de
(3450) tespit edilmistir (Cizelge 4).

Odun sirkesi ve pestisit muamelelerin toprak aerobik
mezofilik bakterilere etkisi

Verilere yonelik yapilan tekrarlanan 6l¢imli varyans
analizi sonucunda; her iki yil icinde bakteri sayisi
bakimindan muameleler arasinda istatistiksel olarak
onemli bir farkin bulunmadig1 (P>0.436) goriilmiistiir.
Diger bir ifade ile gerek 2014-2015 ve gerekse 2015-
2016’da yapilan muamelelerin bakteri sayisini énemli
diizeylerde etkilemedigi ve bu durumun zamana
(muamele 6ncesi ve sonrasy) gére degismedigi tespit
edilmistir (P>0.612). Buna karsin her iki yi1lda da elde
edilen bakteri sayis1 bakimindan sadece muamele
oncesi ve sonrasi arasinda 6nemli farkliliklarin oldugu
gorilmistiir (P=0.000). 2014-2015te ortalama olarak
en az muamele sonras1 %1 ml OS’de (575000), en ¢ok
muamele 6ncesi %4 ml OSde (17075000); 2015-
2016’da en az muamele 6ncesi %2 ml OS’de (16000), en
cok muamele sonrast %1 ml OSde (1820000000)
bulunmustur (Cizelge 5).

Odun sirkesi ve pestisit muamelelerin toprak pH
degerine etkisi

Verilere yonelik yapilan tekrarlanan 6l¢limli varyans
analizi sonucunda, pH dUzerine sadece zamanin
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(muamele &éncesi ile sonrasi ve hasat sonu) etkili
oldugu bulunmustur (P=0.000). pH1n ortalama olarak
muamele 6ncesine (7.76) gére, muamele sonrasinda
arttig1 (7.90) ve hasat sonrasinda ise azaldigi (7.79)
bulunmugtur. Minimum pH1mn hasat sonrasinda
(7.51), maksimum pH’1mn muamele sonrasinda (8.02)

oldugu tespit edilmistir (Cizelge 7). pH ortalamasi
olarak; muamele 6ncesinde en az pestistte (7.73), en
cok %2 ml OS’de (7.78); muamele sonrasinda en az
kontrolde (7.87), en cok %1 ml OS’de (7.93); hasat
sonunda en az %4 ml OS’de (7.73) ve en ¢ok %0.5 ml
08S’de (7.83) bulunmustur (Cizelge 6).

Cizelge 4. 2014-2015 ve 2015-2016 yillarinda pestisit ve farkli dozlarda OS uygulanan bugday parsellerindeki
mikrofungus sayisi

Yillar Muameleler N Muamele Oncesi Muamele Sonras
(19.05.2015) (25.06.2015)
Ort. + SH Ort. + SH
%0.5 ml OS 4 5075000 + 673764 0.000000 + 0.000000
%1 ml OS 4 4725000 + 874047 0.000000 + 0.000000
%2 ml OS 4 5000000 + 2644805 25000 + 25000
%3 ml OS 4 17475000 + 13113185 0.000000 + 0.000000
2 %4 ml OS 4 4550000 + 551513 50000 + 28868
N %5 ml OS 4 5375000 + 748749 0.000000 + 0.000000
= Pestisit 4 6100000 + 1835302 25000 + 25000
S Kontrol 4 3775000 + 512144 25000 + 25000
Muamele Oncesi Muamele Sonrasi
(21.04.2016) (25.06.2016)
%0.5 ml OS 4 2515 + 2495 1525 + 433
%1 ml OS 4 32.5+13.1 2625 + 945
%2 ml OS 4 10.00 + 7.07 1425 + 557
%3 ml OS 4 45.0+14.4 3450 + 2152
© %4 ml OS 4 15.00 + 9.57 1900 + 449
S %5 ml OS 4 35.0 + 18.9 2995 + 641
9 Pestisit 4 20.00+7.07 2175 + 1292
S Kontrol 4 2518 + 2494 1775 + 275

Cizelge 5. 2014-2015 ve 2015-2016 yillarinda pestisit ve farkli dozlarda OS uygulanan bugday parsellerindeki
bakteri sayisi

Yillar Muameleler N Muamele Oncesi (19.05.2015) Muamele Sonrasi (25.06.2015)
Ort. + SH Ort. + SH
%0.5 ml OS 4 15000000 + 10376255 1525000 £+ 549811
%1 ml OS 4 4925000 + 3658637 575000 + 149304
%2 ml OS 4 3475000 + 2189892 875000 + 545245
%3 ml OS 4 775000 + 775000 875000 + 154785
] %4 ml OS 4 17075000 + 15283072 825000 £+ 175000
S %5 ml OS 4 950000 = 660177 1025000 + 413068
) Pestisit 4 3575000 + 1463087 975000 + 512144
S Kontrol 4 6350000 + 3272486 1625000 + 228674
Muamele Oncesi Muamele Sonrasi
(21.04.2016) (25.06.2016)
%0.5 ml OS 4 41800 + 17937 925000000 + 382807611
%1 ml OS 4 306950 = 301017 1820000000 + 458384846
%2 ml OS 4 16000 + 8254 500000000 + 285948713
%3 ml OS 4 88250 + 71356 180000000 + 32403703
< %4 ml OS 4 20375 + 18238 522500000 + 274450208
] %5 ml OS 4 85550 + 84153 447500000 + 181951230
Iﬁ Pestisit 4 22250 + 11235 670000000 + 204816991
S Kontrol 4 29250 + 6019 862500000 + 404462091
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Cizelge 6. 2014-2015 ve 2015-2016 yillarinda pestisit ve farkli dozlarda OS uygulanan bugday parsellerindeki pH

degerleri
Orneklemler ~ Muameleler N pH degeri
Ort. + SH En Az En Cok

%0.5 ml OS 4 7.75 +0.03 7.72 7.85

. %1 ml OS 4 7.77 +£0.04 7.69 7.88
3 %2 ml OS 4 7.78 +£0.01 7.75 7.82
b %3 ml OS 4 7.78 +£0.01 7.75 7.84
o %4 ml OS 4 7.77 +0.01 7.74 7.81
2 %5 ml OS 4 7.77 +0.02 7.69 7.81
% Pestisit 4 7.73 +£0.03 7.66 7.81
S Kontrol 4 7.78 +£0.03 7.71 7.88
%0.5 ml OS 4 7.88 +0.04 7.80 7.96

o %1 ml OS 4 7.93 +£0.01 7.92 7.96
g %2 ml OS 4 7.91 +0.01 7.86 7.95
UE} %3 ml 0S 4 7.92 +0.02 7.88 7.99
° %4 ml OS 4 7.88 +0.02 7.82 7.92
g %5 ml OS 4 7.90 + 0.04 7.82 8.02
) Pestisit 4 7.88 +0.02 7.83 7.96
= Kontrol 4 7.87 +£0.02 7.82 7.94
%0.5 ml OS 4 7.83 +£0.03 7.75 7.89

%1 ml OS 4 7.78 +0.02 7.72 7.83

%2 ml OS 4 7.82 +0.02 7.77 7.87

- %3 ml OS 4 7.80 +0.01 7.77 7.84
g %4 ml OS 4 7.73 £0.07 751 7.84
@ %5 ml OS 4 7.82 £0.01 7.77 7.86
% Pestisit 4 7.80 +0.02 7.76 7.85
T Kontrol 4 7.77 £0.02 7.72 7.85

Cizelge 7. 2014-2015 ve 2015-2016 yillarinda pestisit ve
farkli  dozlarda OS uygulanan bugday
parsellerindeki muamele 6ncesi, sonrasi ve hasat
sonu pH degerleri ve Tukey ¢oklu karsilagtirma
testi sonuglar:

Orneklemler N pH degeri

X ¥ Sy En Az En Cok
Muamele 32 7.76 +0.01 7.66 7.88 A
Oncesi
Muamele 32 7.90 +0.01 7.80 8.02 B
Sonras1
Hasat Sonu 32 7.79+0.01 7.51 7.89 A

*Farkl harflerle gosterilen 6rneklemler arasindaki farklar
énemlidir (P<0.05).

Odun sirkesi ve pestisit muamelelerin toprak EC
degerine etkisi

Verilere yonelik yapilan tekrarlanan 6lgiimli varyans
analizi sonucunda; EC degeri (uS/cm)  iizerine sadece
zamanin (muamele 6ncesi ile sonras1 ve hasat sonu)
etkili oldugu bulunmustur (P=0.000). EC degerinin
ortalama olarak muamele 6ncesine (910.70 pS/cm)
gore, muamele sonrasinda (713.38 pS/cm) azaldigi ve
hasat sonunda (849.20 puS/cm) tekrar arttigi tespit
edilmis olup minimum ECin muamele sonrasinda
(631.00 pS/cm) ve maksimum ECin ise muamele
oncesinde (1191.00 pS/cm) oldugu tespit edilmistir
(Cizelge 9). EC ortalamasi olarak; muamele éncesinde
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en az %2 ml OS’de (828.30 uS/cm), en ¢ok pestisitte
(1019.00 pS/cm); muamele sonrasinda en az %4 ml
0S'de (674.00 pS/cm), en cok %0.5 ml OS’de (760.50
uS/cm); hasat sonunda en az %0.5 ml OS’de (683.00
uS/cm), en cok ise %3 ml OSde (926.30 pS/cm)
bulunmustur (Cizelge 8).

TARTISMA ve SONUC

Yapilan muamelelerin toprak bakterilerine etkisi
bakimindan elde edilen bulgularin, Colak (2001)in

calismalarinda kullandiklar1 Tefralin®’in; aerop
endospor olusturan, anaerop ve toplam canl
bakterileri, Dimethenamid®in; aerop endospor

olusturan ve toplam canli bakterileri, Akrifol®un;
aerop endospor olusturan, anaerop ve proteolik
bakterileri, Deltametrin®’in; hi¢cbir bakteri grubuna ve
Vitavax®1n; aerop endospor bakterileri olumsuz
etkilemedigine dair bulgulariyla ortistigi
gorulmektedir. Ayrica Karaboz ve Merigli-Yapici
(20081 Tribenuron Metil®, Tifensulfuron Metil®,
Florasulam® ve Flumetsulam®1n, Azotobacter
gelisimini etkilemedigini ortaya koydugu bulgularla
paralellik gostermektedir.

Pestisitler acisindan, kullanilan ilaglarin 6nerilen
arazi dozunda kullamlmas:i (Karaboz ve Mericli-
Yapici, 2008); OS acisindan, kullanilan sirke cesidinin
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Cizelge 8. 2014-2015 ve 2015-2016 yillarinda pestisit ve farkl dozlarda OS uygulanan bugday parsellerindeki EC

degerleri (uS/cm)

Orneklemler Muameleler =~ N EC degeri (uS/cm)
Ort. + SH En Az En Cok
%0.5 ml OS 4 872.00 + 72.80 734.00 1065.00
. %1 ml OS 4 917.30 £ 71.40 795.00 1105.00
qg %2 ml OS 4 828.30 + 35.30 766.00 909.00
:CQ) %3 ml OS 4 916.50 + 33.50 822.00 979.00
© %4 ml OS 4 909.80 + 34.80 850.00 992.00
g %5 ml OS 4 920.00 + 39.00 827.00 1008.00
g Pestisit 4 1019.00 + 77.40 826.00 1191.00
= Kontrol 4 902.80 + 63.60 756.00 1028.00
%0.5 ml OS 4 760.50 + 44.70 671.00 847.00
= %1 ml OS 4 718.80 £ 18.20 672.00 754.00
e %2 ml OS 4 683.00 + 4.56 675.00 696.00
;c':'é %3 ml OS 4 689.30 + 20.60 631.00 727.00
o %4 ml OS 4 674.00 £ 7.18 656.00 691.00
g %5 ml OS 4 750.80 + 18.10 704.00 789.00
655 Pestisit 4 699.30 + 20.10 666.00 756.00
= Kontrol 4 731.50 £ 31.80 676.00 806.00
%0.5 ml OS 4 683.00 + 22.80 700.00 997.00
%1 ml OS 4 891.30 £ 27.90 842.00 971.00
%2 ml OS 4 805.30 + 28.00 723.00 849.00
- %3 ml OS 4 926.30 + 94.40 727.00 1180.00
g %4 ml OS 4 911.00 + 66.50 737.00 1060.00
S’_,) %5 ml OS 4 828.80 + 24.50 762.00 880.00
3 Pestisit 4 844.00 + 40.30 775.00 937.00
"E Kontrol 4 903.50 + 60.50 796.00 1030.00

Cizelge 9. 2014-2015 ve 2015-2016 yillarinda pestisit ve farkli dozlarda OS uygulanan bugday parsellerindeki
muamele 6ncesi, sonrasi ve hasat sonu EC degerleri (uS/cm) ve Tukey coklu karsilastirma testi sonuclar

Orneklemler N EC degeri (uS/cm)
X¥F Sy En Az En Cok

Muamele Oncesi 32 910.70 £ 19.80 734.00 1191.00 A

Muamele Sonrasi 32 713.38 £9.19 631.00 847.00 B

Hasat Sonu 32 849.20 + 32.50 700.00 1180.00 A
*Farkli harflerle gosterilen érneklemler arasindaki farklar énemlidir (P<0.05).
bakterileri etkileyebilecek dozda olmamasi, kontrolsiiz calismada Colak (2001), topraga uyguladiklar
iklim gartlar1 ve bu tirinin organik olmasi vesilesiyle Tefralin®’in proteolitik  bakterilere etkisinin
hizli parcalanabilme 6zelligi gibi durumlardan &tiri inkiibasyonun farkh glinlerinde degistigini,
bakteriler tizerinde etkili (olumlu ya da olumsuz) Marchal®1n; aerop endospor ve anaeroplari,

olmadig1 dugiinilmektedir. Ancak pestisit ve OS ile
ilgili ulagilan bulgulardan farkl sonuglar elde edilen
caligmalar vardir. Ornegin; Shi (2003)’nin yaptig1 OS
muamelesinin kék b6lgesindeki bakteri sayisini tegvik
ettigini bildirmistir. Ko¢ ve ark. (2019)’un bitki
koruma i¢in kullandiklar1 OSun toprak bakterilerini
olumsuz etkilemedigi hatta %3 ml'lik dozun bakteri
sayisini pozitif bir sekilde etkiledigini saptamiglardir.
Digrak ve ark. (1999), pestisit uyguladiklar
topraktaki mikrofloranin pestisit gruplarina bagh
olarak farkli derecede etkilendigini, Platoon® ile
muamele ettikleri topragin toplam mikroorganizma
sayisinin, inkiibasyon siiresince kontrol grubundan
daha fazla oldugunu bildirmiglerdir. Bagka benzer bir
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Diazinon®'un; toplam canli, aerop endospor olusturan
ve anaeroplari, Vitavax®1n; toplam canhi ve
proteolitik, Dikotom®un; toplam canli, anaerop ve
proteolitik bakteri grublarinin sayisimi arttirdigim
saptamistir. Ucan ve Digrak (2001)mn kullandiklar:
Trifluralin Benzamin®’in tarla kapasitesi ve %20 nem
kisintis1 yapilan topraktaki mikrofloranin olumsuz
etkilenmedigi, hatta bazi1 mikroorganizma gruplarinin
bu muamelelerden olumlu etkilendigini ortaya
koymusglardir. Pestisit muamelelerinin topraktaki
bakterileri olumsuz etkiledigine dair; Colak (2001)'1n
Dimethenamid®’in; anaerop ve proteolik, Akrifol®un;
toplam canli, Marchal®’in; toplam canli ve proteolitik,
Diazinon®'un; sadece proteolitik, Vitavax®in; sadece
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anaerop ve Dikotom®un ise yalnizca aerop endospor
bakteri sayisini azalttigi seklinde ifadeleri vardir.
Benzer bulgularin Berber ve ark. (2004)1n
kullandiklar1  pestisitlerden ¢  tanesi  harig
digerlerinin test canlisini olumsuz yénde etkiledigini
bildirmiglerdir. Bu verileri destekleyen Ucan ve
Digrak (2001)1n Trifluralin Benzamine®
uyguladiklar1 ve %40-50 nem kisintis1 yaptiklar
topraktaki mikroorganizma sayisinin diger deney
gruplarina goére daha az oldugu ve Triflural®in
uygulanan toprak ile kontrol grubu arasinda belirgin
bir farkin oldugunu saptamiglardir. Yapilan calismada
uygulanan pestisit ve OSun c¢esidi ile dozuna
bakilmaksizin sadece uygulama oncesi ile sonrasi
arasinda istatistiksel olarak o6nemli farklhiliklarin
olmas1 durumunun topraktaki nem orani ve 6rneklem
zamani itibariyle topraktaki mikrobiyal faaliyetlerin
daha yogun olmasindan kaynaklanabilecegi
diustinilmektedir. 2015-2016'da muamele 0Oncesi
bakterileri sayisinin, muamele sonrasina goére sayica
az olmas1 toprak oOrneklerinin karin erimesinden
hemen sonra alinmasindan kaynaklanabilecegi
varsayllmaktadir. 2015-2016’daki muamele sonrasi
bakteri sayisinin, 2014-2015 muamele sonrasi
bakterilerden sayica daha ¢ok olmasinin 2015-
2016’daki yagis ve yabanci ot miktarmnin daha g¢ok
olmasindan kaynaklanabilecegi éngorilmektedir.

Yapilan muamelelerin toprak mikrofunguslarina
etkisi bakimindan elde edilen bulgularin, Colak
(2001)1n Vitavax® uyguladig: topraktaki mikrofungus
sayisinin  etkilenmedigi ve OS agisindan da
Jothityangkoon ve ark. (2008)mn  yaptiklari
muamelede OS’un, toprak  mikrofunguslarin
kontroliinde etkili olmadigina dair bulgulariyla
ortismektedir.  Yapilan  muamelelerin  toprak
mikrofungus sayis1 Uzerinde etkili olmamasi
durumunun kontrolsiiz iklim sartlari, OS ve 6nerilen
dozda kullanilan pestisitin, toprak mikrofunguslara
etki edecek dozda olmamasindan kaynaklanabilecegi
disunulmektedir. Elde edilen bu bulgulardan farkl
olarak, Digrak ve ark. (1999 in baz insektisitlerin
topraktaki mikrofloray: farkli derecede etkiledigine
dair aciklamalari mevcuttur. Yine, Colak (2001)1n
Tefralin®in  inkiibasyonun  farkli  gilinlerinde
topraktaki kiiflerde farkli sonuglarin alinmasini
etkiledigini bildirmistir. Digrak ve ark. (1999)in
Platoon®un kontrole gore toplam mikroorganizma
sayisimi artirdigina dair bulgular1 vardir. Ubuoh ve
ark. (2012)in  Glysphosphate®1n kontrole gore
topraktaki mikrobiyal popiilasyonunu, asir1 derecede
azalttig1 yoninde ifadeleri vardir. Son olarak Ugan ve
Digrak (2001)'1n %40 nem kisintisi yapilan toprakta
muamele  ettikleri  Trifluralin  Benzamine®'1in,
inkiibasyonun 6zellikle 5. ve 10. giinlerindeki toplam
kif gelisiminin kontrole goére daha az oldugunu
bulmuslardir. Yurutilen calismada pestisit ve OS
cesidi ile dozu fark etmeksizin uygulama oncesi ile
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sonrast arasinda  istatistiksel olarak o6nemli
farkliliklarin bulunmasi durumu, 2014-2015 ve 2015-
2016 sezonlar1 arasindaki farkhiliklarin yukarida
bakteri sayisi i¢in yapilan tahminler dogrultusunda
olabilecegi diisiiniilmektedir.

Namli ve ark. (2014 nin sera denemesinde
kullandiklar1 OS’un topraktaki pH ve EC degerlerini
kontrole gore degistirdigini ifade etmelerine karsin bu
calismada, pH ve EC’in lizerine kullanilan pestisit ve
OS cesidi ile dozunun fark etmeksizin sadece zamanin
(muamele éncesi, sonrasi ve hasat sonu) etkili oldugu
bulunmugtur. Elde edilen sonuglarin, sozii edilen
calismadan farklh sonuglar vermesini, kullanilan
pestisit ve OS’un, 6nerilen dozda kullanilmis olmasi ve
ozellikle OS’un organik bir irin olmasi vesilesiyle
dogada ¢abuk parcalanmasi ya da stabil olmayan iklim
kogullarindan kaynaklanabilecegi disiiniilmektedir.

Sonu¢ olarak; bitki koruma amaglh kullanilan
pestisitlerin (6nerilen dozda) ve farkli doz odun
sirkesinin toprakta belirlenen parametreler lizerinde
istatistiksel olarak olumsuz ya da olumlu etki
gostermedigi, ancak oOrnekleme zamaninin etkili
oldugu tespit edilmistir.

TESEKKUR

Bu calismanin yapilmasinda yer ve imkéan destegi
saglayan BERCE Alparslan Tarim Isletmesine
tesekkiir ediyoruz. Bu c¢alisma “Bugday agro-
ekosistemlerinde pestisitlerin ve odun sirkesinin bazi
etkilerinin tespiti tizerine bir arastirma” adli doktora
tezinin bir kismini olusturmaktadir.
1.UGAP Uluslararast GAP Tarim ve Hayvancilik

Kongresi’'nde s6zli sunum olarak sunulmustur.
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OZET Aragtirma Makalesi
Oribatid akarlar; vicut buytiklikleri tipik olarak 300-700 pm

arasinda degismekle birlikte kitlesel olarak 150-2000 pm arahginda  Makale Tarihgesi

olabilen, genellikle topragin organik tabakasinda yasamlarini Gelig Tarihi  :21.03.2019
stirdiren eklembacaklilardir. Bu g¢alismada 2012, 2016 ve 2017 Kabul Tarihi :16.05.2019
yillarinda Amanos Daglar’ndan toplanan oppioid oribatid akarlar
incelendi. Arastirma alanindan toplanan materyalden akarlarin
ozutlenmesi, tespiti, muhafazasi ve preparasyonu icin standart

Anahtar Kelimeler
Oribatid akarlar

yontemler kullanildi. Oppioid oribatid akarlarin tanisi; stereo, 1sik ve gpﬁ) 101dea‘

tarama elektron mikroskobu incelemeleri ve literatiir esas alinarak Aa sono%1 41

yapildi. Sonug¢ olarak; Oppiidae Selnick, 1937 ve Epimerellidae T?lil?os aglari
urkiye

Ayyildiz ve Luxton, 1989 familyalarina ait olan ve daha o6nce
Turkiye'de kaydedilen fakat arastirma alanindan ilk defa tespit edilen
7 takson belirlendi. Bunlar Oppia nitens Koch, 1836, Ramusella
(Insculptoppia) insculpta (Paoli, 1908), Microppia minus longisetosa
Subias ve Rodriguez, 1988, Berniniella serratirostris hauseri
(Mahunka, 1974), Lauroppia fallax (Paoli, 1908), Oppiella (O.) nova
nova (Oudemans, 1902) ve Epimerella marasensis Toluk ve Ayyildiz,
2013’tiir. Sonug olarak; orneklerimize dayanarak yapisal 6zellikleri
verilen  oppioid oribatid akarlar taksonomik  bakimdan
degerlendirildi.

New Locality Records of Oppioid Oribatid Mites (Acari, Oribatida, Oppioidea) from the Amanos
Mountains (Turkey)

ABSTRACT Research Article

Oribatid mites; body sizes are typically between 300- 700 um which

can be in the range of 150-2000 um and usually arthropods, that live Article History

in the organic layer of the soil. In this study, oppioid oribatid mites Received ©21.03.2019
collected from Amanos Mountains in 2012, 2016 and 2017 were Accepted 16.05.2019
examined. Standard methods were used for extraction, detection,

preservation and preparation of mites from the material collected Ke.ywo.rds .

from study area. The identification of oppioid oribatid mites was made Oribatid mites
based on stereo, light and scanning electron microscopy studies and Oppioidea
literature. Albeit previously recorded from Turkey, seven taxa Taxonomy .
belonging to the families Oppiidae Selnick, 1937 and Epimerellidae ‘%ﬁiﬁ;s Mountains

Ayyildiz and Luxton, 1989 were identified for the first time from the
research area. These were Oppia nitens Koch, 1836, Ramusella
(Insculptoppia) insculpta (Paoli, 1908), Microppia minus longisetosa
Subias and Rodriguez, 1988, Berniniella serratirostris hauseri
(Mahunka, 1974), Lauroppia fallax (Paoli, 1908), Oppiella (O.) nova
nova (Oudemans, 1902) and Epimerella marasensis Toluk and
Ayyildiz, 2013. As a result; based on our samples, oppioid oribatid
mites which were given their structural characteristics were
evaluated taxonomically and faunistically.

To Cite : Ay Y, Ayyildiz N 2019. Amanos Daglar’'ndan Oppioid Oribatid Akarlarin (Acari, Oribatida, Oppioidea) Yeni Lokalite
Kayitlari. KSU Tarim ve Doga Derg 22(6): 905-915. DOI: 10.18016/ksutarimdoga.vi.543066.
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GIRIS

Biyolojik  ¢esitlilik  bakimindan  6riimcegimsiler
(Arachnida) sinifinin en zengin gruplarindan birini
olusturan akarlarin, simdiye kadar tanimlanmig tir
sayisinin yaklagik 45 000 civarinda oldugu ve bu
saymin yasayan tirlerin %5ine karsihik geldigi
tahmin edilmektedir (Walter ve ark., 1996). Genellikle
toprak ve dokiuntide yasayan oribatid akarlar
yaklagtk 11 000 bilinen tir ve alt tirle
eklembacaklilarin en zengin grubunu olusturmaktadir
(Baran ve ark., 2018; Erman ve ark., 2007; Ozkan ve
ark., 1988, 1994). Oribatid akarlar icerisinde
oppioidler 1 262 civarinda tira ile en biyik gruptur
(Subias, 2004). Tiirkiye’de simdiye kadar kaydedilen
Oppioidea Grandjean, 1951 tuist familyasina ait tiir ve
alt tiirlerin sayis1 80’dir (Baran ve ark., 2018; Erman
ve ark., 2007; Ozkan ve ark., 1988, 1994). Kozmopolit
yayilis gosteren Oppiidae familyasina ait bu sayi
bilinen tirlerle karsilastirildiginda oldukca azdir.
Ayrica, Turkiye’de Granuloppiidae gibi Palearktik
bélgede yayilis gosteren familyadan simdiye kadar bir
kayit da tespit edilememistir.

Daha 6nce, Amanos Daglar: ve ¢cevresinden bir bilimsel
seyahat esnasinda toplanan o6rneklerden oribatid
akarlar tanimlanmistir (Niedbala 1981, 1984, 1992).
Bu akarlar Phthiracaridae familyasina aittir. Daha
sonra, Ay ve Ayyildiz (2017), Amanos Daglarrnin
gineybat1 bélgesinde yasayan oribatulid akarlar
taksonomik bakimdan degerlendirmis ve bunun
sonucunda Oribatulidae Thor, 1929 familyasina ait
toplam 7 takson tespit etmistir. Bunlar; Oribatula
(Oribatula) tibialis amblyptera Berlese, 1916,
Oribatula (Oribatula)  interrupta Interrupta
(Willmann, 1939), Oribatula (Zygoribatula) exarata
Berlese, 1916, Oribatula (Zygoribatula) excavata
Berlese, 1916, Oribatula (Zygoribatula) propinqua
(Oudemans,  1900),  Oribatula  (Zygoribatula)
longisensilla  (Djaparidze, 1985) ve Oribatula
(Zygoribatula) undulata Berlese, 1916’dan ibarettir.
Ayrica bu bolgede, Aktag (2015) tarafindan yapilan
yuksek lisans tez calismasinda Microtritia minima
(Berlese, 1904) ve Acrotritia ardua ardua (Koch, 1841)
taksonlar1 kaydedilmigtir. Bu bélgede c¢alisma
konusunu olusturan oppioid akarlar iizerine, daha
once bu calismanin verilerini de igeren bir doktora
calismasi gerceklestirilmistir (Ay, 2018). Bu calismada
Amanos Daglarr’nin oribatid akar faunasinin ortaya
cikarilmasina katki saglanmasi1 amaglanmistir.

MATERYAL ve METOT

Amanos Daglar’ndan 2012, 2016 ve 2017 yillarinda
toplam 414 6rnekleme yapildi ve bu esnada toplanan
toprak, dokiintii, yosun ve liken gibi materyallerden
akarlar, Berlese-Tullgren huni diizeneginde 5-7 giin
stireyle oziitleme islemine tabi tutuldu. Oziitlenen
akarlar stereo mikroskop kullanilarak se¢ildi ve akar

906

koleksiyonunda muhafaza altina alindi. Akarlarin
incelenmesinde 151k ve tarama elektron mikroskoplari
kullanldi. Orneklerin mikroskobik incelemesi ¢ukur
lamda gecici olarak hazirlanmig laktik asitli
ortamlarda  yapildi. Teghis iglemlerinde ve
terminolojide ¢esitli temel ve giincel kaynaklarin yani
sira koleksiyonumuzda mevcut materyaller de
karsilastirma amach kullanmildi (Balogh, 1983; Miko,
2006; Woas, 1986). Orneklerin toplandigi yerlerin
listesi asagida verildigi sekildedir. Incelenen materyal
kisminda sadece lokalite numaralar1 ve birey sayilari
verildi.

Lokalitelerin listesi

1) Hatay: Iskenderun, Uggiilliik, 36° 26. 056'K, 035°
59. 582D', 44 m, muz (Musa sp.) serasindan iizeri
yosunlu toprak, 10.1.2012.

2) Hatay: Iskenderun, Kurtbag1 koyii, 36° 24.284'K,
036° 01.956'D, 564 m, karigik orman alt1 dokuntq,
yosun ve toprak, 10.1.2012.

8) Hatay: Iskenderun, Ucgiilliikk, 36° 25.887'K, 035°
59.900'D, 73 m, muz serasi i¢cinden lizeri kahverengi
yosunlu toprak, 01.11.2012.

4) Hatay: Iskenderun, Kurtbag Kéyi, 36° 24.345'K,
036° 01.756'D, 657 m, kayis1 agac1 (Prunus sp.), incir
agac1 (Ficus carica), zeytin agaci (Olea sp.) ve karisik
orman alt1 dokiintii, yosun ve toprak, 01.I11.2012.

5) Hatay: Iskenderun, Ucgiilliikk, 36° 25.532'K, 036°
00.001'D, 215 m, karisik orman alt1 dokiinti, yosun ve
toprak, 01.11.2012.

6) Hatay: Iskenderun, Atik kéyii, 36° 31.210'K, 036°
14.560'D, 1328 m, sedir agac1 (Cedrus sp.) altindan
dokunti ve toprak, 11.IV.2012.

7) Hatay: Iskenderun, Kurtlusarimaz kéyi yolu, 36°
31.300'K, 036° 15.050'D, 1366 m, karisik orman alt
dokiinti, yosun ve toprak, 11.IV.2012.

8) Hatay: Iskenderun, Kurtbag koyii, 36° 00.426'K,
036° 24.123'D, 478 m, karisik orman alt1 dokinti,
yosun ve toprak, 11.1V.2012.

9) Hatay: Iskenderun, Bey koyii, 36° 24.028'K, 036°
00.138'D, 455 m, karisik orman alt1 dokinti, yosun ve
toprak, 11.IV.2012.

10) Hatay: Iskenderun, Kurtbag: koyii, 36° 24.005'K,
036° 00.315'D, 470 m, karisik orman alt1 dékinti,
yosun ve toprak, 11.1V.2012.

11) Hatay: Iskenderun, Karagoz koyii yolu, 36°
22.667'K, 035° 57.649'D, 406 m, karisik orman alti
dokiinti, yosun ve toprak, 28.VII1.2012.

12) Hatay: Iskenderun, Kurtbag: koyii, 36° 24.109'K,
036° 02.469'D, 539 m, cali ve karisik orman alt:
dokiinti, yosun ve toprak, 24.X1.2012.

13) Hatay: Iskenderun, Derekuyu, 36° 25.445'K, 036°

02.594'D, 439 m, karigik orman alt1 dokintii, yosun ve
toprak, 24.X.2016.
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14) Hatay: Iskenderun, Isikl, 36° 19.691'K, 035°
48.580'D, 20 m, karigik orman alt1 dékiintii, yosun ve
toprak, 19.XI1.2016.

15) Hatay: Iskenderun, Haci Ahmetli koyi, 36°
22.610'K, 035° 56.680'D, 192 m, karisik orman alt1
dokilinti, yosun ve toprak, 25.1.2017.

BULGULAR ve TARTISMA

Bu c¢alismada daha o6nce Tirkiye’de bilinen ancak
Amanos Daglari i¢in yeni kayit olan 7 oppioid oribatid
akar taksonu Dbelirlenmistir. Bunlarin yapisal
ozellikleri ve taksonomik durumlari, 6rneklerimizle
birlikte daha 6énce verilen 6rnekler dikkate alinarak
tartisilip degerlendirilmigtir.

Ust Familya: Oppioidea Grandjean, 1951
Familya: Oppiidae Sellnick, 1937

Cins: Oppia Koch, 1836

Tur: Oppia nitens Koch, 1836

Viicut élgiimleri: Viicut uzunlugu 516 (480-560) pm,
genisgligi ise 277 (260-310) pm’dir (n=10).

Teshis (Sekil 1):Rostrum, tam ve yuvarlak olup burun
seklinde c¢ikintilidir. Bitin prodorsum killar:
kaideden uca kadar silli yapida, uzunluklari ise ro= 60
um, /e= 100 um, in= 68 pm ve ex= 55 um kadardir.
Lamella killari, rostrum killarina interlamella
killarina goére daha yakin konumda yerlesmigtir.
Sensillus ig seklinde, 30 pm uzunlugunda ve iki tarafl
sillidir. Botridiyum 45° a¢1 yapacak sekilde digari
dogru yonelmigtir. Ekzobotridiyal ve podozomal bélge
timsecikli bir desene sahiptir. Notogastral krista
yoktur. Notogaster 10 ¢ift kil tasir. zakili diz ve zayif,
diger notogaster killar: sillidir. Notogasterin te, t1, ms,
r1-s killar1 diger notogaster killarindan daha uzundur.
Subkapitulum iki eklemlidir. A, m ve a killar1 silli
yapida, m kil diger killardan daha uzundur. Epimer
bélgesinde killarin dagilimi 3-1-3-3 seklinde olup Sc,
4bve 4ckillari diger epimer killarinin yaklagik 3-4 kati
kadar uzunluktadir. Apodemata sejugalis girintili
yapidadir. Genital plak, benzer yapida 5 ¢ift kil tagir.
Anal plak, silli yapida 2 ¢ift kil tasir. iad lirifisstira
paraanal konumdadir. Adanal killar silli yapida olup
ad; ki1 postanal, ads ki1 ise adanal konumdadir.
Bacaklar bir tirnakhdir.

Holoarktik bolgede dagilis gosteren bu tiir Turkiye’'de
daha 6nce Erzurum ilinden ve Yozgat Camligi Milli
Parkindan kaydedilmistir (Baran ve Ayyildiz, 2004;
Subias, 2004; Toluk, 2008). Bu tiir Oppia denticulata
(G. & R. Canestrini, 1882) ile benzerlik gosterir. Ancak
interlamella killarinin lamella killarindan daha kisa
(0. denticulatada interlamella killar1 lamella
killarindan daha uzundur), sensillusun ucta lanset
seklinde (O. denticulatada sert kil seklinde, comak,
bas kismi dar ve kisa dikenli), notogaster killarinin 75-
110 pm uzunlugunda (O. denticulatada notogaster
killarinin uzunlugu 140-150 um), viicut uzunlugunun
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470-540 pm olmas (O. denticulatada viicut uzunlugu
610-700 um) gibi 6zellikleriyle ayirt edilir (Baran ve
Ayyildiz, 2004; Miko, 2006; Seniczak ve ark., 2014;
Subias ve Arillo, 2001). Bu ozelliklere gore Toluk
(2008)in verdigi Oppia denticulata (G. & R.
Canestrini, 1882) 6érnegi Oppia nitens Koch, 1836
6rneginin ozelliklerini tagimaktadir. Viicut
biiyiikliigiinii Subias ve Arillo (2001) 430-510 x 245-
320 pm, Baran ve Ayyildiz (2004) 509 (467-533) x 284
(260-320) pm, Toluk (2008) 470 x 275 pm olarak
vermistir. Orneklerde viicut biyiikligi 516 (480-560)
x 277 (260-310) um olarak o6l¢iilmiis olup degerlerin
daha once verilen Olgiimler arasinda oldugu
gbrilmustur.

Incelenen Materyal 2: 3 ergin, 4: 4 ergin, 8: 1 ergin, 9:
2 ergin, 10: 3 ergin, 11: 1 ergin, 12: 10 ergin (3’ii SEM
icin kullamldi), 18: 5 ergin, 14: 41 ergin, 15! 30 ergin
(6’s1 SEM ic¢in kullanildi).

Cins: Ramusella Hammer, 1962

Alt cins: Ramusella (Insculptoppia) Subias, 1980

Tiir: Ramusella (Insculptoppia) insculpta (Paoli, 1908)

Viicut élgiimleri: Viicut uzunlugu 306 (280-330) pm,
genisligi ise 156 (140-180) pm’dir (n=18).

Teshis (Sekil 2): Rostrum, tam ve yuvarlak yapilidir.
Rostrum killar1 35 um uzunlugunda, yay seklinde
olup, kaideden ortasina kadar dikenli, geriye kalan
kism1 diizdir. Lamella ve interlamella killar1 dikenli
yapida olup uzunluklar1 /e= 15 ym, in= 21 um’ dir.
Lamella killari, rostrum killarina interlamella
killarina gére daha yakin konumda yerlesmigstir.
Lamellar ¢izgiler ve translamella mevcuttur. Sensillus
41 pm uzunlugunda, taraks: gsekilde 8-9 civarinda dise
sahip olup ortadaki 3-4 disin uzunlugu sensillus kadar
uzunluktadir. Ekzobotridiyal kil 15 pm uzunlugunda
dikenlidir. Ekzobotridiyal ve podozomal bdlge
tumsecikli bir desene sahiptir. Notogastral krista
yoktur. Notogaster 9 cift kil tasir. fa kili mevcut
degildir. Tium notogaster killar1 hemen hemen ayni
uzunlukta olup diz yapiya sahiptir. Notogasterin £i,
ms, re ve r; killar1 asagi yukari boylu boyunca aym
hizada konumlanmigtir. Subkapitulum iki eklemlidir.
h, m, akillar seyrek dikenli yapida olup, m ve a killar
h kilindan daha uzundur. Epimer bélgesinde killarin
dagilimi1 3-1-3-3 seklindedir. Epimer bdélgesindeki
killarin timid diz yapili, hemen hemen aym
uzunluktadir. 7a-c¢ killar1 asag1 yukar1 aym hizada
konumlanmistir. Apodemata sejugalis testere digli
yapiya sahiptir. III+IV. epimerler arasinda ters
konumda yerlesmis Erlenmeyer sigsesine benzer bir
bosluk vardir. Genital plak, benzer yapida 5 ¢ift kil
tasir. Anal plak, diuz yapida 2 c¢ift kil tasir. iad
lirifisstiri paraanal konumdadir. Adanal killar diz
yapida olup ad: kili postanal, ads kili ise preanal
konumdadir. Bacaklar bir tirnaklidir.

Daha o6nce Tirkiye’de verilen bu tir bati Palearktik
bolgede dagilis gosterir (Ayyildiz, 1989; Cobanoglu ve
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Bayram, 1998; Subias, 2004; Toluk ve Ayyildiz, 2008b).
Rostrum killarinin yay seklinde uzanmasi, sensillusun
sekli, lamellar ve translamellar ¢izginin mevcudiyeti
ile tanminir. Daha onceki ¢alismalara gére bu tirin
vicut buyukligi 215-310 x 115-165 um arasinda

degismektedir (Subias ve Arillo, 2001). Orneklerde
viicut biiyiikliigii 306 (280-330) x 156 (140-180) um
olarak olglilmus olup daha &nce verilen degerler
arasinda oldugu gézlenmigtir.

Incelenen Materyal: 2: 64 ergin, 8: 3 ergin, 4: 40 ergin,
5: 4 ergin, 6: 170 ergin, 7: 90 ergin, 8: 15 ergin, 9: 8
ergin, 10: 21 ergin, 12! 264 ergin, 13: 107 ergin (4
SEM icin kullamildi), 14 910 ergin (4 SEM ig¢in
kullanildy), 15: 1269 ergin (8'i SEM i¢in kullanildy).

Cins: Microppia Balogh, 1983

Alt tar: Microppia minus longisetosa Subias ve
Rodriguez, 1988

Viicut dl¢iimleri: Viicut uzunlugu 168 (150-185) pm,
genigligi ise 65 (60-73) pm’dir (n=12).

Teshis (Sekil 3): Rostrum, tam ve yuvarlaktir.
Rostrum killar1 seyrek silli, 20 pm uzunlugundadir.
Lamella ve interlamella killar1 diiz, ug kismi kivrilmig
ve uzunluklar1 8 pm’dir. Lamella killari, interlamella
ve rostrum killarina egit uzakliktadir. Notogasterin 6n
kenarinda, dorsosejugal siiturdan prodorsumun
kaidesine dogru uzanan bir ¢ift sertlesmis apofiz
mevcuttur. Bu apofizler arasi mesafe 10 pm kadardar.
Sensillus 9 um kadar uzunlugunda, kiiremsi ve lizeri
seyrek dikenli bir basa sahiptir. Ekzobotridiyal killar,
seyrek silli, lamella ve interlamella killarina benzer

Sekil 1. Oppia nitens Koch, 1836: A) Prodorsum, B) Notogaster, C) Epimer
Aicin 20 pm, B i¢in 100 pm, digerleri i¢in 30 um).
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bélgesi, D) Anogenital bélge (Olgekler:

sekilde wucta kivrilmig, 7 pm uzunlugundadir.
Notogaster 6n kisma dogru daralmakta ve ylzeyi sig
c¢ukurluklu desene sahiptir. Notogastral krista yoktur.
Notogaster 10 c¢ift, diz yapili, uzun kil tasir. Tim
notogaster killar1 yaklasik olarak ayni uzunluktadar.
ta kili 18 pm uzunlugunda olup diger notogaster
killariyla benzer 6zellik gosterir. Notogasterin teve ¢
killar1 ayn1 hizada konumlanmigtir. Subkapitulum iki
eklemlidir. A, m, a killar1 seyrek silli yapida olup a kil
diger killardan daha uzundur. Epimer bélgesinde
killarin dagilimi 3-1-3-3 seklindedir. Tim epimer
killar1 diiz yapili ve hemen hemen ayni uzunluktadir.
Genital plak benzer yapida 4 ¢ift kil tagir. Anal plak,
diiz yapida 2 ¢ift kil tasir. iad lirifissiiri paraanal
konumdadir. Adanal killar diz yapida olup ad: kil
postanal, adskili ise preanal konumdadir. Bacaklar bir
tirnakhdar.

Tirkiye’de bu alt tiir daha 6nce Erzurum ilinden
kaydedilmigtir (Baran, 2003). Diinyada Palearktik
bélgede (Ispanya, Italya, Tiirkiye) ve Arjantin’de
dagilhis gostermektedir (Baran, 2003; Migliorini, 2009;
Subias ve Arillo, 2001; Subias ve Rodriguez, 1988 )
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Sekil 2. Ramusella (Insculptoppia) insculpta (Paoli, 1908): A) Prodorsum,

Anogenital bslge (Olgekler: 20 um).

Bu alttiir genel olarak M. minus minus (Paoli, 1908)’e
benzerlik gostermektedir, ancak notogaster killarinin
daha uzun olmasiyla (18-20 um) (M. minus minus
(Paoli, 1908)’de 7 um kadar) ayirt edilir (Baran, 2003;
Subias ve Arillo, 2001; Subias ve Rodriguez, 1988).
Ayrica Subias ve Rodriguez (1988) tarafindan verilen
ornekte notogaster yuzeyl si1g cukurluklu olarak
verilmistir. Migliorini (2009), 1talya icin ilk kayit
verdiginde bu alt tirin dagilim ayrintilarimin az
bilindigini, sensillusun buyuklik ve seklinin 6nceki
tanimlamalarda hatalar igerdigini ve Orneginin,
orijinal tamim ve Subias ve Arillo (2001) tarafindan
verilenlerle uyum icerisinde oldugunu ifade etmigtir.
Viicut buyukliga tip érneginde 170-177 x 78-83 um
(minimum 160 x 76 ve maksimum 180 x 87 pm) olarak
verilmistir (Subias ve Rodriguez, 1988). Viicut
biiyiikliigiinii Subias ve Arillo (2001) 160-194 x 75-94
um, Baran (2003) ise 183 (173-200) x 79 (77-83) um
olarak vermigtir. Orneklerde viicut biytukligi 168
(150-185) x 65 (60-73) pm olarak tespit edilmis ve
bilinen o6lgiimlerdeki alt sinirlara yakin oldugu
anlasilmaktadir. Subias ve Arillo (2001) notogaster
killarinin uzunlugunu 20 um, Baran (2003) ise 12 um
olarak bildirmigtir. Orneklerde bu uzunluk 18 pm
olarak 6l¢ilmiigtiir. Incelenen &érnekler, morfolojik
ozellikleri bakimindan orijinal tanimla ve diger
arastiricilarin verdikleri tamimlarla uyum
iceresindedir (Baran, 2003; Subias ve Arillo, 2001;
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B) Notogaster, C) Epimer bélgesi, D)

Subias ve Rodriguez, 1988).

Incelenen Materyal: 2: 2 ergin, 4: 64 ergin, T: 9 ergin,
8: 8 ergin, 9: 5 ergin, 10: 12 ergin, 12: 4 ergin, 13: 111
ergin, 14: 877 ergin, 15: 2710 ergin (51 SEM icin
kullanildy).

Cins: Berniniella Balogh, 1983

Alt tir: Berniniella serratirostris hauseri (Mahunka,
1974)

Viicut élgiimleri: Viicut uzunlugu 229 (220-250) pm,
genisligi ise 104 (100-110) pm’dir (n=10).

Teshis (Sekil 4): Rostrum, {i¢ discikli olup ortadaki
discik tg¢ ¢ikintili bir yapiya sahiptir. Rostrum killar:

seyrek silli, u¢ kismi kivrilmig ve 8 um
uzunlugundadir. Lamella, interlamella ve
ekzobotridiyal killarn  diiz, wucta kivrilmig ve

uzunluklar1 /e= 5 pym, in = 6 pm, ex = 23 um’dir.
Lamella killari, interlamella killarina rostrum
killarina gore daha yakin konumdadir. Sensillus 25
pm uzunlugunda, 1s1nsal ve bag kismi 5 adet uzun sil
tagir. Lamellar kostula mevcut olup kaidesi
botridiyumun st kismindan baglayip, lamella
killarinin kaidesinde S seklinde sonlanir.
Interbotridiyal sklerit mevcut olup kostula ile
baglantilidir. Ekzobotridiyal ve podozomal bdélge
tiumsecikli bir desene sahiptir. Cizgisel notogastral
krista mevcuttur. Notogaster diz yapida 10 cift kil
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tasir. ta kil mevcuttur. Notogasterin te ve ti killar
aynt hizada konumlanmigtir. Subkapitulum iki
eklemlidir. h, m ve a killarn diiz yapida ve yaklagik
olarak ayni uzunluktadir. Epimer bélgesinde killarin
dagilimi 3-1-3-3 seklindedir. Epimer killar1 diz ve

kisadir. Genital plak diz yapili 4 cift kil tasir. Anal
plak, benzer yapida 2 c¢ift kil tasir. iad lirifissturi
paraanal konumdadir. Adanal killar diiz yapili olup
ad; kil postanal, ads kili1 ise preanal konumdadir.
Bacaklar bir tirnaklidar.

Y &

Sekil 3. Microppia minus longisetosa Subias ve Rodriguez, 1988: A) Prodorsum, B) Notogaster, C) Epimer bolgesi,

D) Anogenital bolge (Olcekler: 10 pm).

Daha énce Tiirkiye’de kaydedilen bu alttiir (Toluk ve
Ayyildiz, 2008a, Toluk ve Ayyildiz, 2009), tip yeri olan
Yunanistan’dan Oppia hauseriolarak Mahunka (1974)
tarafindan tanimlanmigtir. Palearktik bolgede dagilis
gosterir (Subias, 2004). Balogh (1983), Berniniella
cinsini tanimlarken bu alttirii bu cins icerisine
tasimistir. Daha sonra Woas (1986) bu alttiiri
Oppiella cinsine tagimistir. Son olarak, Subias ( 2004),
B, serratirostris  hauseri (Mahunka, 1974)1
Berniniella serratirostris (Golosova, 1970) tiirii altinda
alttiir olarak vermistir. Bu alttir; rostrumun 3
discikli, sensillusun 1sinsal yapida ve bas kisminin 4-6
adet sil tasimasiyla ayirt edilir (Mahunka, 1974;
Subias ve Arillo, 2001; Toluk ve Ayyildiz, 2008a). Bu
ozellikler bakimindan o&rneklerin daha o6nce diger
arastirnicilar tarafindan verilen o6rneklerle uyum
icerisindedir. Vicut buyukligini Subias ve Arillo
(2001) 195-285 pm x 95-160 pm, Mahunka (1974) 235-
270 x 110-124 pm, Toluk (2008) 242 x 110 pm olarak
vermistir. Bu calismadaki érnekler ise 229 (220-250) x
104 (100-110) pm olarak él¢iilmiis olup daha 6nceki
aragtiricilar tarafindan verilen Olglimlerle uyum
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icerisindedir (Mahunka, 1974; Subias ve Arillo, 2001;
Toluk, 2008).

Incelenen Materyal: 2: 223 ergin, 3: 3 ergin, 4: 542
ergin, 5: 1 ergin, 6: 35 ergin, 7: 55 ergin, 8: 90 ergin, 9:
28 ergin, 10: 94 ergin, 11: 1 ergin, 12 623 ergin, 13: 183
ergin, 14: 329 ergin, 15! 773 ergin (4 SEM ic¢in
kullanildy).

Cins: Lauroppia Subias ve Minguez, 1986

Tiw: Lauroppia fallax (Paoli, 1908)

Viicut dlgiimleri: Viicut uzunlugu 280 (270-290) pm,
genigligi ise 148 (140-150) pm’dir (n=5).

Teshis (Sekil 5): Rostrum, tam ve yuvarlak olup burun
seklinde ¢ikintilidir. Rostrum killar1 yaklasik olarak
14 pm uzunlugunda, sillidir. Lamella ve interlamella
killar1 diz yapili ve uzunluklari /e= 11 pum, in= 13

um’dir. Interlamella  killar1  kovergent bicimde
konumlanmigtir. Lamella  killari, interlamella
killarina rostrum killarina gére daha yakin

konumdadir. Sensillus 35 pm uzunlugunda, bir tarafli
kisa silli, igimsi bir sekle sahiptir. Botridiyum
yukariya dogru yonelmistir. Ekzobotridiyal killar, 23
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um uzunlugunda, diiz yapilidir. Prodorsum tizerinde
kostulalar uzun, yay seklinde olup botridiyumdan
baglayip, lamella killarinin kaidesinin biraz gerisinde
sonlanmaktadir. Notogasterin u¢ kismiyla ve
kostulalarla baglantili olan S geklinde bir c¢ift
interbotridiyal sklerit mevcuttur. Notogastral krista
vardir. Notogasterin u¢ kisminda humeral olusum
yoktur. Notogaster diiz, ince yapili 10 ¢ift kil tasir. ta
kil vardir. Subkapitulum iki eklemlidir.
Subkapitulum killar1 diz yapili, m ve a killarn A

kilindan daha uzundur. Epimer boélgesinde killarin
dagilimi 3-1-3-3 seklindedir. Epimer bolgesinin 4b ve
4c killar1 diger epimer killarindan daha uzundur.
Genital plak 6 cift kil tasir. Genital plaktaki g7 kil
diger genital killarindan daha uzundur. Anal plak, ug
kismi kivrilmig, diz yapida 2 c¢ift kil tasir. iad
lirifisstirc paraanal konumdadir. Adanal killar diiz,
kisa yapili olup ad; kili1 postanal, adskili ise preanal
konumdadir. Bacaklar bir tirnaklidir.

Sekil 4. Berniniella serratirostris hauseri (Mahunka, 1974): A) Prodorsum, B) Notogaster, C) Epimer bolgesi, D)
Anogenital bolge (Olgekler: C i¢in 10 um, digerleri i¢cin 20 pm).

Yar1 kozmopolit dagihis gosteren bu tur Tirkiye'de

Ankara (Camlidere) ve Erzurum illerinden
kaydedilmistir (Baran, 2003; Cobanoglu ve Bayram,
1998;  Subias, 2004). Ekzobotridiyal killarin

prodorsumun en uzun ve en gugcli killarindan olmasi,
sensillusun ig seklinde ve bir tarafl kisa silli olmasi,
bir ¢ift interbotridiyal skleritin bulunmasi1 bu tiriin
ayirt edici ozellikleri arasindadir (Baran, 2003). Bu
calismadaki 6rnekler, bilinen bu 6zelliklerle tam bir
uyum igerisindedir. Bu tiire ait viicut 6l¢timleri; Baran
(2003) 334 (307-360) um x 173 (133-187) pm, Paoli
(1908) 350-400 pm x 165-180 pum, Subias ve Arillo
(1991) ise 300-349 pm x 161-202 um olarak
vermiglerdir. Orneklerde ise viicut biytklugi 297
(280-320) pum x 139 (130-150) pm olarak 6l¢iilmiis olup
verilerin bilinen élgiimlerin degisim araliginda oldugu
anlasilmaktadar.
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Incelenen Materyal: 2: 3 ergin ( SEM i¢in kullamldy),
12: 22 ergin, 15: 2 ergin.

Cins: Oppiella Jacot, 1937

Alt cins: Oppiella (Oppiella) Jacot, 1937

Alt tiir: Oppiella (0.) nova nova (Oudemans, 1902)

Viicut élgiimleri: Viicut uzunlugu 256 (230-280) pm,
genigligi ise 127 (110-140) pm’dir (n=10).

Teshis (Sekil 6): Rostrum, tam ve yuvarlaktir.
Rostrum ve interlamella killar1 seyrek silli, ucta
kivrilmis sekilde olup ro= 25 pm, in= 10 pm
uzunlugundadir. Lamella ve ekzobotridiyal killar diiz
yapili, u¢ kismi incelerek kivrilmig ve uzunluklar
le=12 pm, ex= 25 pm’dir. Lamella killari, interlamella
killarina rostrum killarina gére daha yakin konumda
yerlesmigtir. Sensillus 47 um uzunlugunda, igimsi ve
bir tarafli 6-7 sillidir. Lamellar kostulalar mevcut olup
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iyi gelismistir. Interbotridiyal sklerit mevcut olup
kostula ile baglantilidir. Ekzobotridiyal ve podozomal
bélge tumsecikli bir desene sahiptir. Notogastral
krista iyi gelismigtir. Notogasterin u¢ kisminda bir ¢ift
humeral olusum mevcuttur. Notogaster diiz yapida 10
cift kil tagir. za kil iyi gelismigtir. Notogasterin £rkili,
te kilinin gerisinde olacak gekilde konumlanmisgtir.

Subkapitulum iki eklemlidir. m ve a killar1 A kilindan
daha uzundur. Epimer bélgesinde killarin dagilimi 3-
1-3-3 seklindedir. Tim epimer killar1 dizdir. Genital
plak duz yapil 5 ¢ift kil tasir. Anal plak, benzer yapida
2 ¢ift kil tagir. iad lirifissiiri paraanal konumdadir.
Adanal killar kisa olup ad: kili postanal, adskili ise
preanal konumdadir. Bacaklar bir tirnaklidir.

A X z
Sekil 5. Lauroppia fallax (Paoli, 1908): A) Prodorsum, B) Notogaster, C) Epimer bélgesi, D) Anogenital bolge

(Olgekler: 20 pm).

Kozmopolit dagiligsa sahip olan bu alttir daha 6nce
Tiirkiye’den kaydedilmistir (Baran, 2003; Dik ve ark.,
1999; Subias, 2004; Toluk ve Ayyildiz, 2008b).
Rostrumun yuvarlak, sensillusun bir tarafh silli igimsi
yapida olmasi ve kostulanin mevcudiyeti ile ayirt edilir
(Baran, 2003; Toluk ve Ayyildiz, 2008b). Subias ve
Rodriguez (1987) verdigi sekillerde bu alttiirde
rostrumun burun seklinde kiigiik bir ¢ikintiya sahip
oldugunu gostermistir ancak Orneklerde rostrum
diger arastiricilar tarafindan verildigi gibi yuvarlak
sekildedir (Baran, 2003; Toluk ve Ayyildiz, 2008b).
Viicut biiyiikligiinii Toluk ve Ayyildiz (2008b) 270
(262-285) x 135 ( 125-150) pm, Baran (2003) 260 (233-
293) x 135 (117-160) pm, Subias ve Arillo (1991) 235-
297 x 126-170 pm, Subias ve Rodriguez (1987) 270-274
x 141-157 pm, Miko (2006) ise viicut uzunlugunu 220-
320 pm olarak vermislerdir. Orneklerde ise bu
degerler 256 (230-280) x 127 (110-140) pum olarak
6lctilmiis olup yukarida verilen degerlerle uyum
icerisindedir.
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Incelenen Materyal:2: 39 ergin, 4: 628 ergin, 5: 1 ergin,
7: 31 ergin, 8: 57 ergin, 9: 4 ergin, 10: 22 ergin, 12: 61
ergin, 13: 36 ergin, 14: 617 ergin, 15: 1799 ergin (5’
SEM icin kullanild).

Familya: Epimerellidae Ayyildiz ve Luxton, 1989
Cins: Epimerella Kulijev, 1967

Tur: Epimerella marasensis Toluk ve Ayyildiz, 2013

Viicut dlgiimleri: Viicut uzunlugu 283 (250-320) pm,
genigligi ise 160 (150-180) pm’dir (n=23).

Teshis (Sekil 7): Rostrum, tam ve uc¢ kismi burun
seklinde c¢ikintilidir. Rostrum killarmn 11  um
uzunlugunda olup diger prodorsum killarindan daha
kisa ve 4-5 sil tasimaktadir. Lamella ve interlamella
killar1 birbirine yaklagan konumdadir. Silli yapida

olan lamella killarn 38 pum uzunlugundadir.
Interlamella killar silli yapida, 32 pm uzunlugunda ve
lamella  killarimmin  kaidesinin  6tesine  kadar

uzanmaktadir. Lamella killar:1 interlamella killarina
rostrum killarina goére daha yakin konumda
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yerlesmigtir. Sensillus 26 um uzunlugunda, ig
seklinde, bas kismi igeriye dogru kivrilmig ve yaklagik
olarak ayni1 uzunlukta 8-9 sillidir. Botridiyal kostula
mevcuttur. Ekzobotridiyal killar silli yapida, 16 um
uzunlugundadir. Notogastral krista, én ortaya dogru
¢ikinti  olusturacak  sekilde iyi  gelismisgtir.
Notogasterin 6n kisminda bir ¢ift humeral olusum
mevcuttur. Notogaster 10 ¢ift kil tasir. ta kili diiz,
geriye dogru kivrilmis, diger notogaster killarindan p
kil dizisi hari¢ digerleri uzun ve sillidir. Notogasterin
her bir kil bir sonraki kilin kaidesini ge¢cmektedir.
Subkapitulum iki eklemlidir. Subkapitulum killar: ug
kisimda kivrilmig ve bir tarafi sillidir. m kili A ve a

SilAé; Oppiella (0.) nova nova (Oudemans, 1902): A)

kilindan daha uzundur. Epimer boélgesinde killarin
dagilimi 3-1-3-3 seklindedir. Apodemler belirgin ve
kuvvetli sekilde sertlegmistir. I. epimerler arasinda V
seklinde bir bosluk mevcuttur. II. epimerler
arasindaki apodemler silindiriktir. Epimer killarindan
Ic, 3¢, 4a-c killarinin kaide kisma silli, diger kisimlar:
ince ve diizdir. Genital plak, silli yapida 5 ¢ift kil tagir
ve g7 kili diger genital killarindan daha uzundur. Anal
plak killar1 2 ¢ift olup duzdiir. zad lirifissiirii paraanal
konumdadir. Adanal killar silli yapida, ucta incelmis
ve yaklagik olarak ayni uzunlukta olup ad: kil
postanal, adskili ise preanal konumdadir. Bacaklar bir
tirnaklhidir.

Prodorsum, B) Notogaster, C) Epimer bolgesi, D) Anogenital

bélge (Olgekler: B igin 20 pm, digerleri i¢in 10 pm).

Bu tiir, tip yeri olan Kahramanmaras ili disinda yeni
bir lokaliteden verilmektedir. Rostrumunun diiz,
rostrum ve notogaster killarinin silli olmasi, humeral
olusumun mevcudiyeti, I. epimerler arasinda V
seklinde bir boglugun bulunmasi, II. epimerler
arasindaki apodemlerin 1s1k mikroskobuyla goriilebilir
iyi gelismis ve silindirik sekilli yapisiyla ayirt edilir
(Toluk ve Ayyildiz, 2013). Orneklerde viicut uzunlugu
283 (250-320) um, genisligi ise 160 (150-180) pm olarak
tespit edilmistir. Toluk ve Ayyildiz (2013), tip
érneginde viicut uzunlugunu 304-328 (holotip: 324)
pm, genigligini ise 140-164 (holotip:160) um olarak
vermiglerdir.  Orneklerin  morfolojik  6zellikleri
bakimindan vicut biyilikligine ait degisim aralig
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istisna edildiginde tip Ornegiyle uyum igerisinde
oldugu anlagilmaktadir. Ol¢iime iligkin degigim
araliginin varyasyon sinirlar igerisinde
degerlendirilebilecegi kanisindayiz.

Incelenen Materyal:2: 5 ergin, 4: 9 ergin, 7: 2 ergin (1'i
SEM icin kullamildi), 8 4 ergin (3i SEM icin
kullanildy), 10: 11 ergin (2’si SEM i¢in kullanildi), 11:
1 ergin, 13: 1 ergin.

SONUGC

Aragtirma  alanindan  Tirkiye’den daha o6nce
kaydedilen ancak Amanos Daglari igin ilk defa tespit
edilen oppioid akarlara ait 7 takson tespit edilmistir.
Arastirma alaninin, Afro—eremiyal elemanlarin
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ulkemize girigs yolunda bulunmasi, daglarin kendine
ozgu iklimsel ve edafik faktorlere sahip olmasi1 gibi
nedenlerle daha zengin bir fauna beklentisine karsin
Amanos Daglar’min  bir engel olarak rol
oynayabilecegi,

veya bélgenin ve yakin komsu

ulkelerin yeterince arastirilmadig: kanisini
uyandirmaktadir. Bu nedenle daha fazla ve cesithi
yasam alanlarinda yapilacak calismalar ile oribatid
akar faunas1 bilgimize katki saglanmasi gerektigi
dislincesindeyiz.

y : \/
Sekil 7. Epimerella marasensis Toluk ve Ayyildiz, 2013: A) Prodorsum, B) N

v

otogaster, C) Epimer bélgesi, D)

Anogenital bolge (Olgekler: C i¢in 10 pm, digerleri icin 20 pm).
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ABSTRACT Research Article

In this study, larval mortality due to Beauveria bassiana infections

and the number of larvae produced in the presence of B. bassiana Article History

spores were investigated. Larvae were kept in wheat treated with Received ©19.03.2019
spores and mortalities were assessed. In a long-term experiment, Accepted ©16.05.2019

number of larvae and mortality was recorded after 3 months. Within
7 days, larval mortality was 55% at 250 ppm and over 75% at higher
concentrations. The mortality reached 100% on day 14 in all fungus ) X
treatments. After the adults were kept for 14 and 28 days, 6.3 and 12.0 Microbial control
larvae in treatments and 1 and 6.3 larvae in control units were Stqred:product ozt
counted, respectively. In the long-term experiment, number of larvae Tnbo]uu?] confl{sum
was 10.3, 42.0 and 260.3 in the control, 500 ppm and 1000 ppm Beauveria bassiana
treatments, respectively. Larval mortalities were %97.4 in 500 ppm

and 100% in 1000 ppm treatments. The results show that although

B. bassiana treatment increases the number of 7. confusum larvae as

the concentration increases, B. bassiana treatment also causes high

levels of larval mortalities depending on concentration and time,

suggesting that, B. basssiana treatment can have a role in controlling

T. confusum populations.

Keywords
Biological control

Beauveria bassiananin Tribolium confusum (Coleoptera: Tenebrionidae) F: Larva Sayisina ve Larva
Olim Oranina Etkisi

OZET Aragtirma Makalesi

Bu calismada, Beauveria bassiana enfeksiyonu neticesinde larva

6limleri ve B. bassiana sporlarinin bulunmasi durumunda yeni nesil Makale Tarihgesi

larva sayilari belirlenmigtir. Larvalar spor ile muamele edilmig Gelig Tarihi  :19.03.2019

bugdayda bekletilmis ve olumler kaydedilmistir. Uzun stireli Kabul Tarihi :16.05.2019
denemede, larva sayisi ile 6lim oranlari 3 ay sonra tespit edilmigtir.
Yedi gunde larva olumu 250 ppm’de %55 ve daha yuksek
konsantrasyonlarda %75’in tistinde bulunmustur. Uygulamalardaki
6lim 14 ginde %100’ ulagsmistir. Erginlerin 14 ve 28 giin sporlu
bugdayda bekletilmesi sonucunda 6.3 ve 12 larva belirlenirken
kontrolde bu say sirasi ile 1 ve 6.3 olmustur. Uzun stireli denemede,
kontroldeki, 500 ppm ve 1000 ppm uygulamalarindaki larva sayilari
sirasiile 10.3, 42.0 ve 260.3 olarak tespit edilmigtir. 500ppm’de 97.4%
ve 1000ppm’de %100 larva 6limu kayit edilmistir. Sonuglar, spor
konsantrasyonu artisi ile birlikte B. bassiana uygulamasinin 7.
confusum larva sayisinda artisa neden oldugunu; ve ancak
konsantrasyon ve siireye baghh olmakla birlikte B. bassiana
uygulamasinin yiiksek larva 6limlerini sagladigini géstermis olup, B.
bassiana uygulamasimin 7. confusum popilasyonlar: ile miicadelede
rol alabilecegini isaret etmektedir.

Anahtar Kelimeler
Biyolojik miicadele
Mikrobiyal miicadele
Depo zararlisi
Tribolium confusum
Beauveria bassiana

To Cite : Cetinpolat E, Er MK, Baris C, Isikber AA, Tunaz H 2019. Effects of Beauveria bassiana on Quantity of F1 Larvae and
Larval Mortality of 7Tribolium confusum (Coleoptera: Tenebrionidae). KSU J. Agric Nat 22(6): 916-921. DOI:
10.18016/ksutarimdoga.vi.541840.
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INTRODUCTION

Stored grain pests have worldwide distribution with
economic importance and their control is usually by
means of chemical insecticides. Due to various
problems caused by these chemicals, alternative
management tactics have been under investigation
and using entomopathogenic fungi is an alternative
promising control approach reported against some
important pests such as Rhyzopertha dominica,
Oryzaephilus surinamensis and Sitophilus species.
Entomopathogenic fungi have also been studied
against Tribolium species with less encouraging
results mainly for suppression of adult populations.
Barra et al. (2013), Kavallieratos et al. (2006), Stephou
et al. (2012) tested fungal isolates against 7 confusum
adults. Wakil and Schmitt (2014), Batta (2008),
Shafighi et al. (2014), Sugandi and Awaknavar (2014),
Padin et al. (2002), Zamani et al. (2013), Khashaveh et
al. (2011), Rice and Cogburn (1999) used
entomopathogenic fungi for 7. castaneum adults. It is
well established in the literature that 7ribolium adults
are quite resistant to Beauveria bassiana, widely
reported as a promising entomopathogenic fungus
species against other stored grain pests. The larval
stages of Tribolium species was found more susceptible
and moderate infection levels were achieved by Akbar
et al. (2004, 2005), Wakil et al. (2014), Lord (2007,
2009, 2010) for 7. castaneum larvae, while Michalaki
et al. (2006, 2007) for 7. confusum larvae. Although
controlling Tribolium species by using
entomopathogenic fungi does not seem to be sufficient
alone considering the current knowledge, these fungi
could well affect these pests when applied for the
management of other stored grain pests. Tribolium
species are commonly found to exist together with
primer stored grain pest species against which mostly
B. bassiana was shown to present opportunities for
developing mycoinsecticides. In this study, 7.
confusum larval mortality due to B. bassiana
infections and the number of larvae produced in the
presence of B. bassiana spores on grains were
investigated to find possible effects of the fungus on the
pest’s population growth.

MATERIALS and METHODS
Tribolium confusum and Beauveria bassiana cultures

T. confusum larvae were obtained from a laboratory
culture originally established from samples collected in
Kahramanmaras, Turkey. The culture has been
maintained on flour with addition of inactive brewer’s
yeast at 25+2°C and 65+5% relative humidity in
darkness. After leaving adults for three days in clean
food, the adults were removed and larvae were
gathered one week later to use in the experiments.
When adults were required, emerged adults of 7-10
days old were utilized.
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B. bassiana isolate used in this study is a single spore
culture of B. bassiana 155657, which was originally
isolated from a 7. castaneum adult (Er et al., 2016).
The fungus was initially grown on Potato Dextrose
Agar (PDA), and thereafter its spores were produced
on rice following procedure of Barig (2016). Obtained
B. bassiana spores were tested for viability prior to
each experiment. A dilute suspension of spores in 0.2%
Tween 80 was prepared and spread on PDA and
incubated 24 hours at 25+2 °Cin darkness. The spores
were examined under a microscope (x40) and those
with a germ tube equal or longer than the spore were
considered germinated. The spores used in the
experiments had germination rate of 96-98%.

Short-Term Incubation Tests

For each treatment 15 larvae were placed in a 50ml
centrifuge tube including 40 g wheat grains
homogenously mixed with required number of spores
to produce spore concentrations of 250, 500, 750, 1000
ppm (w/w). For control, clean wheat without fungal
spores was used. All the experimental tubes were
placed in a humidity chamber made up of a sealed
plastic container (42x28x17cm) with saturated NaNOs
solution (Winston and Bates, 1960). The experiment
had four replications and conducted at 25+2 °C and
65+5% relative humidity in darkness. After 7 and 14
days of incubation larval mortalities were assessed.

In the second test, number of larvae produced was
found after leaving adults in 1000 ppm treated wheat
grains. For each treatment 20 adults were placed in a
1 L glass jar including 200 g wheat grains
homogenously mixed with required number of spores
to produce a concentration of 1000 ppm (w/w). For
control, clean wheat without fungal spores was used.
All the jars were placed in humidity chambers as
described above. The experiment had four replications
and conducted at the same conditions with the first
experiment. After 14 and 28 days of incubation the
number of larvae in each jar was recorded.

Long-Term Incubation Test

In a long incubation experiment, 1 kg bulgur (wheat
product) was used for each treatment in a 3 L glass jar.
After mixing B. bassiana spores to obtain 1000 ppm
concentration (w/w), 100 adults were released and
incubated for 3 months at 25+2 °C and 65+5% relative
humidity in darkness in a conditioned growth room.
Clean bulgur without fungal spores was used for
control unit. The experiment was carried out with
three replications. Number of larvae and larval
mortality in each unit were recorded at the end of the
experiment.
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Statistical Analysis of Data

The data were subjected to one way ANOVA followed
by Duncan’s multiple comparison test (P<0.05). When
there were only two treatments to compare, ‘t’ test
(P<0.05) was applied. Mortality data were arcsine
transformed prior to the statistical analysis. All
statistical analyses were conducted by using SPSS
statistics program.

RESULTS and DISCUSSION
Short-Term Incubation

After leaving the larvae 7 days in fungus treated wheat
grains, larval mortalities were between 55.00+0.85%
and 81.67+0.75% (Figure 1), the lowest being at
250ppm. The mortality in control unit was 6.67+0.58%.
According to ANOVA there were statistical differences
(F4,15=23.663; P<0.001). The mortalities in all fungus
treated units were statistically higher than the one in
control unit (Figure 1). Michalaki et al. (2006) tested
Metarhizium anisopliae against 7. confusum larvae
and found about 40% mortality at the concentration of
8x1010 spores/kg in 7 days. In another study (Michalaki
et al., 2007), in the same incubation period Isaria
fumosorosea (formerly Paecilomyces fumosoroseus)
caused less than 20% mortality at the maximum tested
concentration of 400ppm. In bioassays conducted on 7'
castaneum larvae, 900 ppm and 2700 ppm treatments
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with B. bassiana spores resulted in 40% and 62.7%
mortalities in 8 days (Akbar et al., 2004). Wakil et al.
(2014) used immersing method (1x106 spores/ml) and
after 7 days of incubation found 85.81% mortality due
to B. bassiana, 59.79%, 76.86% and 67.83% mortalities
due to Lecanicillium attenuatum, M. anisopliae and
Purpureocillium Iilacinum (formerly Paecilomyces
lilacinus) treatments. In the present study, while the
mortalities in fungus treatments reached 100% on day
14, control mortality increased to 41.67+1.03% (Figure
1). Statistically, the difference was significant
(F415=152.152; P<0.001). Due to the high mortality in
the control, not all mortalities in fungus treatments
can be attributed to fungal infections. As larvae can not
feed on whole wheat grains, the increase could be
partially because of starvation related causes. Food
deprivation was previously reported to increase larval
mortality in 7. castaneum due to B. bassianainfections
(Lord, 2010). The only larval mortality results in two
and three weeks after I fumosorosea treatment were
reported by Michalaki et al. (2007). They found close to
50% and 60% at 25°C and over 70% and 90% at 20°C
after 14 and 21 days of incubation, respectively.
Although organisms and methods varied in the
mentioned previous studies above, the findings of the
present study seem to fit to the range of expectations
considering tested concentration and bioassay
conditions.

m 7 days m 14 days

control

1000

Concentration (ppm)

Figure 1. Mortality of Tribolium confusum larvae at various concentrations of Beauveria bassiana spores in wheat
(different lower or upper case letters show statistical differences according to Duncan test at P<0.05; bars

represent standard errors; n=4)

After the adults were kept for 14 and 28 days in fungus
treated wheat grains, 6.3+0.33 and 12.0+1.00 larvae in
treatments and 1.0+0.58 and 6.3+0.33 larvae in control
units were counted, respectively (Figure 2). The
number of larvae in 14 days and 28 days were
statistically higher than related control units (for 14
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days: t=8; d.f.=4; P=0.001, and for 28 days: t=5.376;
d.f.=4; P=0.006). This indicates a significant increase
in the production of larvae in fungus treated wheat
grains. As such an outcome has not been reported
previously, reasons need to be investigated in future
studies.
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Figure 2. Number of Tribolium confusum larvae after incubation of 100 adults in wheat treated with 1000 ppm
Beauveria bassiana spores (different lower or upper case letters show statistical differences according to
‘t’ test at P<0.05; bars represent standard errors; n=4)

Long-Term Incubation

In the long incubation experiment, after three months,
while there were 10.3+1.45 larvae in the control unit,
there were 42.0£2.65 larvae in 500 ppm and
260.3+11.20 larvae in 1000 ppm fungus treated wheat
grains (Figure 3). The differences amongst them were
statistically significant (F26=413.109; P<0.001). The
mortalities of these larvae were %97.4+1.52 in 500 ppm
and 100% in 1000 ppm treatments, while there was not
larval mortality in the control (Figure 4). According to
ANOVA, there was  significant  differences
(F2,6=490.484; P<0.001). The mortalities in fungus
treatments did not differ from each other; however,
they were both statistically higher than the control
mortality. Such long-term incubation experiments
were reported previously for comparison. However,
findings are in parallel with the results of the short-
term incubation experiments reported here and as
discussed earlier. The results of the long-term
incubation experiment revealed more pronounced
differences among treatments.

300 +
250 -
200 -
150 -

Number of larvae

100 -+ B
50 - C
0 E—
control 500
Concentration (ppm)

CONCLUSION

In this study, 7. confusum larval mortality due to B.
bassiana infections and the number of 7 confusum
larvae produced in the presence of B. bassiana spores
were investigated. It can be concluded that B. bassiana
treatment increases the number of 7' confusum larvae
as the concentration increases. B. bassiana treatments
also cause high levels of larval mortalities depending
on concentration and time. These findings suggest that
treating wheat with B. basssiana either against this
pest or against another one can have a role in
suppressing 7. confusum populations.
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Figure 3. Number of 7Tribolium confusum larvae after incubation of 100 adults in wheat treated with 1000 ppm
Beauveria bassiana spores (different letters indicate statistical differences according to Duncan test at

P<0.05; bars represent standard errors; n=4)



KSU Tarim ve Doga Derg 22(6): 916-921, 2019

Aragtirma Makalesi/Research Article

100 +
90 -
80
70 -
60 -
50 -
40
30 -
20 A
10

Mortality (%)

control 500

Concentration (ppm)

1000

Figure 4. Mortality of 7ribolium confusum larvae at various concentrations of Beauveria bassiana spores in wheat
(different letters show statistical differences according to Duncan test at P<0.05; bars represent standard

errors; n=4)
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ABSTRACT

Red peppers, belonging to Dicotyledonae class, are produced and
consumed all over the world including the southern regions of Turkey.
Capsaicin is the most important active ingredient in red peppers. For
this purpose, in this study, some molecular biological activities such
as oxidant status, antiradical activity and DNA preservation of
purified capsaicin from red peppers were investigated. Pure capsaicin
was used into dichloromethane and methanol solution. Antiradical
activity was determined by DPPH method. DNA protective activities
was analyzed by using pBR322 plasmid DNA. The highest antioxidant
activity was determined in methanol solution from the purified
capsaicin extracts. Also the highest antiradical activity was found in
red sweet pepper. In addition, DNA protective activity of the
extraction in dichloromethane was found to be higher than that of
methanol.

OZET

Kirmizi biberler Dicotiledon sinifina ait bitki tiirleridir. Bu biberler
Turkiye'nin giiney bolgesinde yaygin olmakla beraber tim diinyada
hem dtretilmekte hem de tiiketilmektedir.
biberlerdeki en 6nemli etken maddedir. Bu amagla, bu ¢calismada hem
tath kirmizi biberlerden saflagtirdigimiz kapsaisinin oksidan
durumu, antiradikalik aktvitesive DNA koruyuculugu gibi bazi
molekiler biyolojik aktiviteleri arastirilmigtir. Bu calismada
saflagtirilan kapsaisinin diklormetan ve metonal c¢ozictsindeki
ekstraklar1 kullanildi. Antiradikalik aktivite icin DPPH metodu
kullanildi. DNA koruyucu aktivite icin pBR322 plazmid DNA yontemi
kullanilmigtir. En yiiksek antioksidan aktivite, saflastirilmig
kapsaisin ekstraklarindan methanol ¢ézeltisinde belirlendi, ayrica en
yiksek antiradikalik aktivite kirmizi tatli biberde bulundu. Ayrica,
diklormetandaki ekstraksiyonda DNA koruyucu aktivitesinin
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INTRODUCTION

Red peppers (Capsicum annuum L.) are the species of
plant that belong to Dicotyledonae class, Tubiflorae of
Solanaceae family. The species that grows in Eastern
Mediterranean and South Eastern Anatolia regions
known as Capsicum annuum L. (Awrak: et al., 2012),
which is a wvaluable plant frequentlyused in the
pharmaceutical, chemical industry and by public
(Hayman and Kam, 2008). Capsaicin is animportant
secondary metabolite phenolic component synthesized
from peppers (Materska and Perucka, 2005). The
antioxidant and nutritional properties of capsaicin are

known to be dependent on bioactive phenolic
phytochemical ratios (Kavindra and Zhihong, 2014;
Kempaiah and Srinivasan 2004). Red peppers contain
different amounts of capsaicin. Epidemiological
studies reported that there was a positive correlation
between the consumption of pepper and the prevention
of gastric, pancreatic and lung cancers (Filomena et al.,
2007). In living organisms, the oxygen activity
consumed during catabolism can be transformed to
different radical molecules. These reactive oxygen
radicals take DNA as heredity material as a target (Ai
et al. 2008). Typically, oxidative damage from free
radicals can be responsible for many chronic diseases,


https://orcid.org/0000-0003-0254-6915
https://orcid.org/0000-0002-1633-967X

KSU Tarim ve Doga Derg 22(6):922-927, 2019

Arastirma Makalesi/ResearchArticle

such as cancer, inflammation and some of other
chronic diseases. In recent years, antioxidant
properties of natural compounds were investigated by
examining potential antioxidant components (Repetto
and Llesuy, 2002, Camilo and Ana, 2014). For this
reason, it is very important to understand the
antioxidant capacity of the capsaicin. The sweet
peppers, generally regarded as bell peppers, are the
most commonly known chili peppers in the Capsicum
annuum family. Typically, sweet peppers contain
much lower amounts of capsaicin compared to hot
peppers (Reinbach et al., 2009).For this purpose, this
study searches the radical scavenging and antioxidant
activities of the capsaicin by isolating them from C.
annuum L., a red-colored species, which are both sweet
and hot, and widely served as diet in the Middle East.
Free radical is one or more single electron containing
high reactivity molecules or groups. The effect of these
free radicals on DNA is defined as indirect effect
(Halliwell, 2007). Breaks in the linear DNA molecule
due to the effect of UV rays. The high energy of
ultraviolet rays especially UV-C can cause chemical
effects on DNA molecules. It can alter the chemical
structure and lead to the breakdown of some bonds.
This may cause skin cells to become weaker or die,
making the skin appear older than it is (Ertas et al.,
2015). Thus, this study determines the antioxidant
properties of capsaicin with its effect on DNA
protective activity. Studies of the antioxidant effect of
capsaicin have been carried out revealing its
antioxidant properties (Mateos et al., 2013).In this
study, the antioxidant capacity of capsaicin was
determined throughtests using the DPPH radical
scavenging, total antioxidant capacity and total
oxidant levels. While the literature on the red hot
pepper’s capsaicin composition is available, however,
their antioxidant properties of capsaicin have not been
evaluated because there is a lesser amount of red sweet
pepper capsaicin available. In our previous published
article, some biological activities were determined in
green hot peppers (Bayil Oguzkan et al., 2018). Firstly,
this study determines and compares antioxidant
capacity of the capsaicin in the sweet red peppers with
the hot peppers. Several studies have investigated
capsaicin's antioxidant capacity, however, no studies
on DNA preservation have been found both of hot and
sweet peppers. Thus, we have shown that the
protective mechanism of capsaicin extracts purified
from the red pepper species against DNA, as well as
demonstrating the mutagenic effects of UV and H20s.

MATERIAL and METHODS

Plant Material

The samples were twored pepper varieties, one was
sweet bell pepper and the second one was the hot type

of C.annuum L., obtained from Gaziantep area in June
and September 2017 and were identified by the
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Botanic Department of Biology Faculty at Gaziantep
University.

Capsaicin Purification

Extracts were obtained in dichloromethane and
methanol solution from sold commercially Sigma
company. Soxhlet device was used to obtain the
extracts of the plant, and the dried plant pulverized
with a disintegrant. Dichloromethane and methanol
extracts were extracted from the red pepper plant
through Soxhlet method. Dichloromethane and
methanol were removed from the extract through
evaporation process using a rotary evaporator. This
study dissolved each of the extracts in 30 ml of acetone
solvent obtained from the sample petri dish. Moreover,
we added 30 ml of 0.1 M AgNOs solution to the
experiment and added 0.1 M NaOH solution drop wise
(approximately 3 drops) to pH 7 at 30 ‘C, which was
followed by extraction on a magnetic stirrer for 3
hours. Then, the solution we rested. The aqueous
phase was separated by filtration through ordinary
filter paper. The aqueous phase was extracted with
liquid-liquid by adding 100 ml of hexane. Moreover, 25
mL of dichloromethane was added to the aqueous
phase, separated the aqueous phase, and added 25 mL
of dichloromethane to the aqueous phase.
Dichloromethane  phases were  pooled, and
approximately 50 ml of the solution was evaporated on
a half of rotary evaporator. The liquid containing the
capsaicin solution was again subjected to liquid-liquid
extraction with 25 ml of saturated NaCl solution, after
which the dichloromethane phase was taken and the
solvent was removed. The mixture was evaporated
with 3 ml of dichloromethane solution and then the
solvent was removed. The method was according to
Segi and et al. (1999) which was the purification of
industrial capsaicin. In this way, purification amount
of dichloromethane of sweet and hot red peppers and
methanol of hot and sweet red peppers are obtained
and compare to commercially pure capcaicin (Sigma
Aldrich company, purity 98%). as well as analytical
degree. We have used the capsaicin in the extracts
obtained from pure capsaicin pepper in two different
solvents. The amounts of capsaicin obtained in the two
peppers are shown in Table 1.

Table 1: Purification amount of capcaicin from red
peppers (mg)

Solvents Red hot pepper | Red sweet pepper
capcaicin capcaicin

Dichlormethane | 64.5 mg 18.9 mg

Methanol 6.8 mg 29.4 mg

Determining the Antiradical Activity with the DPPH
method

This study also determined the antiradical activity of
the extracts by wusing DPPH (1,1-diphenyl-2-
picrilhidrazyl) radical according to Blois method [16].
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The resultswith the calculation of the DPPH Radical
Scavenging Activity were evaluatedwith the ICso. The
DPPH Radical Scavenging Activity was calculated
with the following formula:

DPPH Radical Scavenging Activity %
Absorbance Sample Absorbance) /
Absorbance x 100.

=(Control
Control

Determination of the Total Antioxidant Capacity and
Total Oxidant Capacity

The Total Antioxidant Capacity (TAC) test principle
was used ABTS (2,2 azinobis) (3-ethyl benzo
thiazoline-6-sulfonic acid) as radical cation and
evaluated with trolox equivalent (Vitamin E) as
positive control. The total oxidant test principle was
that the presence of oxidants in the sample oxidizes
ferrous ions to ferric ion. According to the presence of
oxidant in the environment, the color is increased. This
color density 1s measured by spectrophotometry. The
absorbance value indicates the oxidant value in the
example. The TOC (Total Oxidant Capacity) value is
detected by comparing the obtained results with pmol
H20:2Equiv./L (Mateos et al., 2013). In this study Real
Assay Diagnostics TAC and TOC Assay Kit were used
(Tarpey et al., 2000).

The Determination of DNA protective activity by
Capcaisin

pBR322 plasmid DNA was purchased from Sigma
Chemicals which used for detecting to protective
activity of DNA. Plasmid is a small, circular, double-
stranded DNA molecule that showed clearly band on

Table 2: TAC, TOC, OSI and IC 50 values of capsaicin

agorose gel electropresis. pBR 322 DNA was often
used DNA protector analysis that was optimized by
experimentally. Moreover, the study subjected the
DNA of the plasmid to damage in the presence of the
extracts by applying UV and H20:2 by performing the
visualization on 1.25% agarose gel following the
method specified by Russo et al. (Vanella et al.,
2002,Russo et al., 2000).

RESULTS

In this study, the ratio of the oxidant and the
antioxidant capacities measured by the experimentally
measured oxidative stress index parameters was
calculated mathematically as follows:

OSI= (TOC, pmol H:20: equivalent/L) / (TAC, pmol
Trolox equivalent/L) x100

Smaller OSI values indicate less oxidative stress. The
capsaicin’s OSI values were detected at very low levels.
This showed that the mean of the oxidant activity of
OSI low levels is quite low, and both different samples
are quite good antioxidants. OSI values are at the very
low level of all the samples and the best one among
them is red pepper methanol extract as being revealed
at Table 2.

When the antioxidant values of capsaicin were
examined, it was found that the best antioxidant
properties were found in each of the samples showing
that red hot pepper was the best specimen of methanol
extract. Thus, the radical scavenging effects of
capcaicin were demonstrated in this study, which was
tested on DPPH, and found to be stable radical.

TAC TOC OSI 1C50 Reference value
RHPD 2,405618 0,032 1,3 1,309543 TAL>2 verygood
RSPD 2,343446 0,026 1,11 1,20723 TOL<5 verygood
RHPM 2,954307 0,031 1,05 0,408675
RSPM 2,934082 0,041 1,39 0,055627

RHPD:Red hot pepper dichlormethane
RSPD:Red sweet pepper dichlormethan
RHPM:Red hot pepper methanol
RSPM:Red sweet pepper dichlormethan

In our study the IC50 values for the radical elimination
capacities of the capsaicin in the dichloromethane
methanol samples were calculated. As the
concentration of red-hot pepper dichloromethane, red
sweet pepper dichloromethane, red-hot pepper
methanol and red sweet pepper dichloromethane
increased in all four samples of capsaicin obtained
from red peppers, and its success to eliminate DPPH
increased directly. As shown in Table 2, red-hot pepper
and red sweet pepper were found to be the best radical
elimination effects of the extract of capsaicin purified
from the methanol and lower than the other samples
of dichloromethane.
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3 types of forms are seen in the plasmid DNA agarose
gel imaging system. These are nicked DNA, linear
DNA, supercoiled DNA according to the separation
state. When the DNA structure exposed to any agent
begins to form in this three-band form, the agarose gel
is observed and the DNA band that is nicked stops at
the top and brightly close to the loading well, and then
the brightness is reduced and observed in 3 forms of
DNA[20]. In the evaluations of DNA protective
protocols, the band-luster up to the form of the band is
indicative of this protective effect DNA preservation
studies were performed on constructions. Displayed on
the agarose gel were firstly compared with the control
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group, and all samples were shown to show protective
activity relative to the control group as figure 1 and
figure 2.

Figure 1:DNA protective activities’ bands of samples.

1 [RHPD (40) | : Plasmid DNA (3 pl) + capcaicin (5 p)+ UV+
H20: (1 D)

2 [RHPD (20) [:
UV+ H202 (1 1)
3 [RHPD(10) ]:
H20: (1 nl)

4 [RSPD (40 mg)]: Plasmid DNA (3 ul) + capcaicin (5 pD+
UV+ H202 (1 1)

5 [RSPD (20 mg)]: Plasmid DNA (3 nl) + capcaicin (5 pD+
UV+ H202 (1 ul)

6 [RSPD (10 mg)]: Plasmid DNA (3 nl) + capcaicin (5 puD+
UV+ H202 (1 ul)

7 [RHPM (40 mg)]: Plasmid DNA (3 pl) + capcaicin (5 pD+
UV+ H202 (1 ul)

8 [RHPM (20 mg)]: Plasmid DNA (3 ul) + capcaicin (5 pD+
UV+ H202 (1 pb)

9 [RHPM (10 mg)l: Plasmid DNA (3 ul) + capcaicin (5 pl)+
UV+ H202 (1 pb)

10 [RSPM (40 mg)]: Plasmid DNA (3 pl) + capcaicin (5 pD)+
UV+ H202 (1 D)

11 [RSPM (20 mg)l: Plasmid DNA (3 ul) + capcaicin (5 pD+
UV+ H202 (1 nl)

12 [RSPM (10 mg)l: Plasmid DNA (3 nl) + capcaicin (5 pD+
UV+ Hz02 (1 nl)

Plasmid DNA (3 pl) + capcaicin (5 uD+

Plasmid DNA (3 pl) + capcaicin (5 pl)+ UV+

C1

C2 C3 C4

Figure 2: Bands of DNA protective activities (Control

Group)
C1: Plasmid DNA (3 ul) + dH20 (6 pul)
C2: Plasmid DNA (3 ul) + dH20 (6 p)+ UV
C3: Plasmid DNA (3 nl) +dH20 (6 p)+ H202 (1 pl)
C4: Plasmid DNA (3 nl) + dH20 (6 uD+ UV+ H20: (1 nl)

Also, DNA protection activities at different
concentrations of extracts of both dichloromethane and
capsaicin in methanol were evaluated.It has been
observed that when the samples are compared between
the bands in Fig. 1, the extract of the red pepper in the
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methanol shows lower activity than  the
dichlormethane. Although the amounts of capsaicin in
red sweet peppers are very low, DNA protective
activity was found to be higher than the methanol
extract of red hot peppers, as can be seen from the band
images. Red hot pepper (40 mg) was lower in the
methanol extract than in the low concentration of DNA
protective activity (10 mg). According to this result, we
can say that the capsaicin in the methanol extract
shows better protective activity in low concentrations.

DISCUSSION

Capsaicin is a valuable bioactive phytochemical used
in the pharmaceutical, chemistry and cosmetic
industries (William et al., 2014). It is known that
phytochemicals are not only used for chemotherapy
but also have antioxidant and anti-carcinogen effects
(Arct et al.,2008). In contrast to antioxidants, oxidant
equilibrium may deteriorate in a direction, resulting in
many pathological conditions such as cancer, immune
system disorders, cardiovascular diseases. Therefore,
preserving this balance is extremely important for
health (Bayil Oguzkan et al., 2016).In particular, UV-
C (~ 260nm.) Is strongly absorbed by DNA and UV-B
rays react with DNA and other biological molecules.
Ionizing radiation and many anti-cancer drugs are
thought to be the most toxic form of DNA damage
induces double chain fractures. Repair of these
fractures will continue in the cell's genomic stability
and plays a critical role in survival. Many researchers
believe that the survival rate of cancer cells
inactivation of proteins involved in repair of double
chain fractures or uses treatment modalities to reduce
their expression (Lien et al., 2008, Hitoshi, 2010).
Therefore, the effect of capsaicin, which is the primary
active ingredient in peppers, on both oxidant status
and genetic material by using some molecular
biological methods was investigated. In this study, it
was observed that all samples extracted from red hot
pepper and red sweet peppers showed DNA protective
activity compared to control as shown that figure 1 and
figure 2. Low amount of capsaicin obtained from sweet
peppers does not mean that it does not show DNA
protective activity. Indeed, DNA protective activity
evaluations are interpreted by evaluating the band
image and brightness. Thus, we can say that all of the
samples are associated with DNA protection as
compared to control group. As capsaicin is responsible
for the bitterness of peppers, sweet peppers are quite
low, as shown in our study.

However, it has been shown in this study for the first
time that it has a protective effect on DNA even in low
amounts. Antioxidants have been reported to be
effective in preventing damage to genetic material
(André et al., 2017).Although antioxidants have a
protective effect on DNA, prolonged exposure to high
levels of UV radiation may cause a decrease in cellular
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antioxidant levels(Cadet et al., 2005). The radical
molecules formed together with the increase in cellular
oxidant level can easily be found in nucleotides such as
OH and H202, which can lead to irreversible DNA
damage (Dai and Mumper 2010). Therefore, in this
study, we evaluated DNA protective activity and
oxidant status together. In fact, these different type
pepper’s capcaicin extraction suppressed the formation
of lin DNA, generated by exposure of PBR 322 plasmid
DNA to -OH generated by H202 - UV-photo- lysis. The
effect of capsaicin on peroxyl radical elimination has
been reported to be much better than both caffeine and
melatonin (Balasundrama et al., 2006).

In our study, the effect of eliminating the DPPH
radical from the capsaicin was also found to be quite
high. Many studies have shown that capsaicin has a
strong antioxidant capacity (Christopher and Garold
2006, Young 2002), and it is thought that this reaction
neutralizes peroxyl radical, which is a very strong
radical because of this enzyme(Rosa et al.,2002,
Leonardi et al., 2012). In our study, it was determined
that the oxidant value of the capsaicin in red peppers
was very low. In this study, the results of the
antioxidant capacity of the capsaicin are consistent
with the literature, and we can say that both the sweet
and hot capsaicin have a high level of antioxidant
capacity. Capsaicin 1s an irritant alkaloid that gives
chili peppers a sharp scent and soreness, and it is
assessed with a measurement unit called Scoville used
to measure the hotness of the peppers (Scoville,
1992).Hot peppers, such as chili, tabasco, paprika,
cayenne pepper contain these condiments in different
quantities. Sweet peppers, also known as bell peppers
(so called because of their shape), contain lesser
amounts of capsaicin due to their sweetness (Peter,
2012). Although capcaicin is a parameter of hot
peppers, in this study, the purifying of capillary from
sweet peppers was carried out. As expected, the
amount of capcaicin in red chillies was higher than the
sweet pepper. The results obtained from Capsicum
annuum L. was found to be lower capcaicin in the red
sweet peppers grown, consumed in the Southeastern
Anatolia region than the hot peppers. According to our
results, the amounts of capsaicin were found to be
different according to the solvent and genotypes in
which the peppers were extracted.In terms of
bioactivity, this is the first study that focuses on the
extract of the capsaicin isolated from sweet peppers.

However, an extensive amount of capsaicin and
bioactivity studies should determine not only on
capsaicin isolated from capsicum annum L. peppers,
but also on samples that were taken from different
types of peppers. Also, this experimentally results can
be compared to analytical degree of capcaicin in
further studies.
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CONCLUSIONS

This study is a preliminary study for further studies,
and we are convinced that testing of different
bioactivity’s properties, and carrying out more
extensive research on the antioxidant properties of
capsaicin and its effect on DNA protective activity
would open the way for its assessment in both health
and other areas.
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ABSTRACT

In this study, it was aimed to investigate the chemical composition
and biological activities including antioxidant, anticholinesterase,
antimicrobial and urease activity of Nigella sativa seed oil growing in
Mugla (Koycegiz). The oil of plant was obtained using Soxhlet
apparatus. Thirty-one components of the oil were determined by Gas
Chromatography-Mass  Spectrometry (GC-MS). The
components of oil were detected as palmitic acid (10.48%), linoleic acid
(8.05%), ocyemene (7.11%), 3,5-dimethyl cyclohexanol (6.68%),
thymoquinone (6.44%), p-tert-buthyl catechol (6.28%) and 8-methyl-1-
undecene (3.28%). The findings obtained from biological activity
assays showed that Nigella sativa oil was a promising candidate that
can be used in the discovery of new drugs and the preparation of new
natural drug preparations.
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Corek Otu Tohumu Yaginin Kimyasal Icerigi ve Biyolojik Aktivite Spektrumu

OZET

Bu calismada, Mugla (Kéycegiz)'de yetisen Nigella sativa (¢orek otu)
tohumu yagimin kimyasal bilesimi ile yagin antioksidan,
antikolinesteraz, antimikrobiyal ve tireaz aktivitesinin arastirilmasi
amaclanmigtir. Bitkinin yagi, Soxhlet aparati kullanilarak elde edildi.
Yag bilesimi Gaz Kromatografisi-Kiitle Spektrometresi (GC-MS) ile
belirlendi. GC-MS sonuclarindan, yagin otuz bir bileseni tespit
edilebildi. Yagin ana bilesenleri palmitik asit (% 10.48), linoleik asit
(%8.05), o-siemen (% 7.11), 3,5-dimetil sikloheksanol (% 6.68),
timokinon (% 6.44), p-tert-butil katekol (% 6.28) ve 8-metil-1-undesen
(% 3.28) olarak belirlendi. Biyolojik aktivite test sonuclari tibbi
ozelligi olan ¢orek otu yaginin yeni ilaclarin kesfinde ve yeni dogal
drog preparatlarin hazirlanmasinda kullanilabilecek umut verici bir
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INTRODUCTION

Medicinal aromatic plants are cultivated to obtain
specialty products including oils and pharmaceuticals
(Ali-Shtayeh et al 2018). Nigella sativa, annual
herbaceous plant, is generally known as black caraway
seed and black cumin which belongs to Ranunculaceae
family (Forouzanfar et al 2014). It is commonly
cultivated in the Mediterranean region, Eastern
Europe, Middle East and Western Asia (Noor et al.
2012; Venkatachallam et al 2010). It is one of the most
common medicinal herbs which is widely used around
the world (Ahmad et al. 2013). Seed and oil of V. sativa
are used traditionally not only as a spice because of its
characteristic aroma and bitter taste but also as a
medicine to treat asthma, bronchitis, cough, fever,

eczema, headache, influenza and rheumatism for more
than 2000 years (Forouzanfar et al 2014; Burits and
Bucar 2000; Gharby et al 2015).

There is a growing interest in use of natural bioactive
compounds purified from plants that have
demonstrated to be potent antioxidants,
antimicrobials and key enzyme inhibitors related with
many diseases as cholinesterase for Alzheimer’s
disease; tyrosinase for skin disorders and urease for
gastric and peptic ulcers/cancer (Llorent-Martinez et
al. 2018). N. sativa seeds are consisted of complicated
substances of many compounds which are rich in
source of alkaloids, carvacrol, essential oil (0.4-0.45 %),
fixed oil (32-40 %), proteins, saponin, terpenoids,
quinones (such as thymoquinone, nigellone, and
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thymohydroquinone),  minerals and vitamins
(Forouzanfar et al. 2014; Salem 2005; Hosseinzadeh et
al. 2013). Finally, highly prized nutritious oil was
prepared from N. sativa seeds (Gharby et al. 2015). It
is well known that N. sativa seed oil has therapeutic
potential as an antiatherogenic (Al-Naqeep et al
2011), antihypertensive (Huseini Fallah et al 2013),
and anti-obesity (Le et al 2004) agent. N. sativa oil
was also found to be effective as a supplementary
treatment in patients with insulin resistance (Najmi et
al. 2008).

Therefore, it is important to characterize N. sativa oil
with potential biological activities. In this regard, the
aim of present study was to characterize the chemical
composition, to evaluate the total flavonoid and
phenolic contents and to assess the in vitro
antioxidant, anticholinesterase, antiurease and
antimicrobial potential of Nigella sativa seed oil.

MATERIAL and METHODS
Plant Material and Extraction of Oil

N. sativawere collected from Koycegiz region of Mugla,
Turkey, during September-October of 2017, identified
at the Herbarium of Biology, Faculty of Science, Mugla
Sitki Kogman University, Turkey.

Approximately, 100 grams of V. sativa seed sample
was used for the oil extraction process. Solvent-
extraction was performed using a Soxhlet apparatus
with hexane for 8 hours. The mixture added to water.
After liqiud-ligiud extraction, the aqua in organic
phase was dried over anhydrous Na2SO4. Organic
phase was then concentrated under vacuum. Obtained
oil was kept in desiccator, protected from sunlight until
analysis.

GC-MS Analysis

The qualitative and quantitative analysis of oil were
conducted at Central Research Laboratories
Application and Research Center, Giresun University,
using a GC-MS 7890A-(5975C inert MSD) instrument
equipped with an Agilent HP5-MS column (30 m x 250
pm film, 0.25 pm). The oil was diluted 1:100 (v/v) in
hexane prior to the injection, and the injection volume
was adjusted as 1.5 mL of the solution. The column
temperature was heated from 50°C to 270°C by an
increase of 5°C / minutes, and then maintained for 25
minutes at 270°C. The temperature of injection port
and detector were 250°C and 260°C, respectively. The
carrier gas was helium. Characterization of oil
components were surveyed by the Wiley and NIST
libraries with comparing the mass spectra of the
analysed oil.

Biological Activity Studies
Determination of antioxidant activity

Solutions of oil obtained from N. sativa seed were
prepared at four different concentrations as 200-100-
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50-25 ppm in EtOH. EtOH was used as the controlThe
comparison of the activity tests were evaluated by
BHA and a-tocopherol standard antioxidant
compounds. Results were expressed as 50%
concentration (ICs0) for ABTS * scavenging activity, &
carotene-linoleic acid and DPPH' assay. CUPRAC
assay results are given as Aos.

The spectrophotometric analysis of antioxidant
activities were performed by the following methods:
ABTS *scavenging activity (Re et al. 1989), fcarotene-
linoleic acid (Marco 1968; Oztirk et al 2011),
CUPRAC assay (Apak et al 2004) and DPPH’
scavenging activity (Blois 1958).

Determination of anticholinesterase activity

The inhibitory activities of AChE and BChE were
measured by the spectrophotometric method.
Solutions of . sativa seed oil were prepared from the
200-100-50-25 ppm at concentrations. The enzyme
sources were AChE and BChE from electric eel and
horse serum, respectively. The substrates were
acetylthiocholine iodide and butyrylthiocholine
chloride. The Ellman's reagent, DTNB (5,50-
dithiobis(2-nitrobenzoic)acid, was used for the
determination of the anticholinesterase activity
(Ellman et al 1961).

Determination of antimicrobial activity

The antimicrobial activity of oil of V. sativa were tested
against several pathogens, namely Bacillus subtilis
(ATCC 6633), Candida albicans, Candida parapsilosis,

Escherichia coli (ATCC 25293), Pseudomonas
aureginosa and Staphylococcus aureus (ATCC 25925)
using modified spectrophotometric microdilution

technique. Firstly, the inoculums of microorganisms
were prepared in 4 mL of Triptic Soy Broth for
bacteria, 4 mL of Sabouraud Dextrose Broth for yeasts
and incubated at 37°C, overnight. After 24 hours, the
culture suspensions were adjusted to 0.5 mL
McFarland Standard Turbidity (~104for bacteria, ~103
for yeasts) and stored at +4°C until use (Mcfarland
1987).

The 50 pL (400 pg/mL) of N. sativa seed oil was
dissolved with 1 mL of dimethyl sulfoxide (10 %
DMSO). The experiment was performed on 96-well
microtiter plates and firstly 50 uLi of Mueller Hinton
Broth (MHB) medium were added into all wells. Two-
fold serial dilutions of 50 pL of oil was made on all x-
axis along of Elisa plate. Columns 11 and 12 were used
as negative and positive controls. Finally, 10 pL
culture of microorganisms was inoculated on all wells
except medium control wells. All of the plates were
incubated at 37°C for 24 hours, the growth (turbidity)
was measured at 600 nm for bacteria, 415 nm for
yeasts. For MIC analysis, the optical density was read
both before, TO and after 24 hours-incubation, T24. For
each plate, MIC were calculated using the following
formula: The OD for each replicate at TO was
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subtracted from the OD for each replicate at T24.

ODtest

The P t Growth = —
e Percent Gro ODeontrol

ODtest well

ODcontrol well x100

Percent Inhibition = 1 —

for each row of the 96-well plate. The dose-response
curves obtained from plotting the linear of the
concentration of the oils against the resulting percent
inhibition of microbial growth were evaluated with the
regression analysis, giving an R? value. MIC (the
lowest concentration of test material which results in
99.9% inhibition of growth) were calculated using the
R2 formula on inhibition curve (Patton et al 2006;
Erdogan Eliuz et al 2017).

Determination of urease activity

The spectrophotometric analysis of urease inhibition
was performed according to the indophenol method of
Weatherburn (1967) by measuring ammonia
production.

Statistical Analysis

All data on biological activity assay studies were the
averages of triplicate analyses. Antioxidant,
anticholinesterase and urease activity assays were
conducted at four concentrations, while antimicrobial
activity conducted at ten concentrations. All the
results are presented as 50% concentration (ICs0) (%).
Results are presented as mean =+ standard error of the
mean (SEM). Significant differences between means
were determined by Student’s-t test and considered to
be significant at a level of p<0.05.

The SPSS-one-way analysis of variance (ANOVA),
Tukey test were performed for the % inhibition values
to detect (p < 0.01.) the differences. The experiments
were conducted with a minimum of 3 times.

RESULTS and DISCUSSION
Chemical Composition of the Seed Oil

The investigation of the quantitative and qualitative
composition of natural products is a key parameter to

explore their potential in various applications
including  functional food, nutraceutical or
pharmaceutical. In this study, totally thirty-one

components were detected in N. sativa seed oil and
were given in Table 1. The major components detected
from seed of N. sativa were palmitic acid (10.48%),
linoleic acid (8.05%), o-cyemene (7.11%), 3,5-dimethyl
cyclohexanol (6.68%), thymoquinone (6.44%), p-tert-
buthyl catechol (6.28%) and 8-methyl-1-undecene
(3.28%). Whereas, El-Dakhakhny and coworkers
(1963) characterized thymoquinone (27.8%-57.0%), -
cymene (7.1%-15.5%), carvacrol(5.8%-11.6%), t-
anethole (0.25%-2.3%), 4-terpineol (2.0%-6.6%) and
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longifoline (1.0%-8.0%) as major components. Burits
and Bucar (2000) reported that the major components
in V. sativa commercial seeds oil were thymoquinone
(30%-48%), p-cymene (7%-15%), carvacrol (6%-12%), 4-
terpineol (2%-7%), t-anethole (1%-4%) and the
sesquiterpene longifolene (1%-8%). Piras et al (2013)
showed that the major constituents in the samples
from N. sativa seed of Turkey and Egypt were
thymogquinone (77.2%-86.2%), ocymene (5.4%-11.0%)
and the lower terpinen-4-ol, methyl chavicol, trans-
sabynil acetate, «-thujene, limonene and -
terpinene. A study using the soxhlet extraction method
reported that the oil contents of Nigella sativa seeds
collected from Turkey, India, U.S.A, Egypt are quite
similar and the basic components were to be myristic,
palmitic, stearic, oleic, linoleic, linolenic, arachidic,
behenic, eicosadienoic acids (Ustun et al. 1990).

Table 1. Composition of N. sativa seed oil

RT Component Quantity(%)
3.115 8-methyl-1-undecene 3.28
9.003 aThujene 1.26
9.289 a-Pinene 0.28
10.983  Sabinene 0.16
11.121  2-B-Pinene 0.33
13.306  o-Cyemene 7.11
13.467  DrLimonene 0.34
14.897  yTerpinene 0.47
17.781  Trans-methoxy thujane 1.11
20.619  4-terpinol 0.20
21.849  1,2-epoxy-menth-4-ene 0.19
23.978 Thymoquinone 6.44
26.410  Carvacrol 0.87
28.206  aLongipinene 0.28
30.564  Longifolene 1.38
37.196  p-tert-buthyl catechol 6.28
45.378  Myristic acid 0.51
51.077  4-undecyl phenol 1.31
51.523  Borneol 0.95
52.170  Oleic acid 1.33
52.771  Palmitic acid 10.48
54.190  N-(3-methylphenyl)pentanamide, 0.71
3.115 8-methyl-1-undecene 3.28
9.003 aThujene 1.26
54.327  4-octyl phenol 0.81
54.688  mrTolylacetamide 0.44
55.346 6-acetamido-2,2-dimethyl-2 A-1- 0.80

benzopyran-4-one
56.112  Linoleic acid methyl ester 1.49
56.267  Elaidic acid methyl ester 0.66
56.484  3,5-dimethyl cyclohexanol 6.68
57.022  N-(3-methylphenyl)hexanamide 0.78
57.200  p-Propionotoluidide 0.68
57.938  Linoleic acid 8.05

RT: Retention Time

Biological Activities of the Seed Oil
Antioxidant Activity

To the best of our knowledge, this study is the first
attempt to highlight the in vitro antioxidant activity of
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oil obtained from the seed of N. sativa collected from
Koycegiz-Turkey. The antioxidant activity results of V.
sativa seed oil given in Table 2. According to the &
carotene/ linoleic acid assay results, the oil exhibited
the lipid peroxidation inhibitory activity value of (ICs0)
10.15+0.13 pg/mL. In the ABTS* assay, oil
(IC50:4.77+0.19 pg/mL) showed better cation radical
scavenging  activity  than standard aTOC
(IC50=54.97+0.99 pug/mL). The oil demonstrated
activity with an ICs0 value of 52.61+0.22 pg/mL in
DPPH free scavenging activity. The oil indicated
higher CUPRAC activity with an Aos value of

Table 2. Antioxidant activity of V. sativa seed oil2

31.27+0.02 pg/mL, than «-TOC (A05=40.55+0.04
ng/mL) using as a pharmaceutical standard. The
antioxidant activity of seed oil is related to its
composition. Among the bioactive compounds of N.
sativa seed oil, especially the presence of
thymoquinone has positive effect on the antioxidant
activity (Beckstrom-Sternberg and Duke, 1994;
Bourgou et al.,2010). Additionally, carvacrol, cymene,
4-terpineol and «-pinene thymol are the most
important bioactive compounds of N. sativa seed oil
(Tslam et al., 2017).

Antioxidant Activity
Sample B-(;arotene/ linoleic ABTS* assay DPPH'" assay CUPRAC assay
acid assay  ICso yo (0/mr) ICs0 (ug/mL) Ao.50 (ug/mL)
(ug/mL) 50 (pg 50 (pg 50 (ug
Oil 5.18+£0.45 4.77+0.19 52.61+0.22 31.27+0.02
BHT® 2.31+0.11 2.97+£0.05 54.80+0.78 3.92+0.04
aTOC? 4.48+0.17 4.95+0.30 12.21+0.06 40.44+0.03

aValue represent the means + standard deviation of three parallel measurements (p<0.05)

bReference compound

Anticholinesterase Activity

Acetylcholine is a neurotransmitter, requisite in the
attention, memory and learning functions.
Acetylcholine  inactivation can cause many
neurodegenerative diseases (e.g. Alzheimer’s disease).
Cholinesterase inhibitors have a key role on delaying
the acetylcholine inactivation and finally supporting
neuroprotection. Natural products are extensively
investigated for their potential application as
cholinesterase  inhibitors. In  spite of the
anticholinesterase and butyrylcholinesterase activity

of various plant compounds has been verified, in vitro
laboratory studies using N. sativa seed oils are very
limited (Kannan et al. 2019).

The anticholinesterase activity results of N. sativa
seed oil was given in Table 3. V. sativa seed oil showed
significant activity against AChE with an ICso value of
7.3240.41 pg/mL. On the other hand, V. sativa seed oil
against BChE exhibited the highest activity with an
ICs0 value of 35.48+0.83 ug/mL that was higher than
galantamine (IC50=46.03+0.14 pg/ml) using as a
pharmaceutical standard.

Table 3. Anticholinesterase and urease inhibition activities of N. sativa seed oil

Anticholinesterase Inhibitory Activity

Urease Inhibitory Activity

Sample AChE assay BChE assay Urease assay
ICso (ug/mL) ICso0 (ug/mL) ICso (ug/mL)
0Oil 7.32+0.41 35.48+0.83 30.21+037
Galantamine? 4.48+0.78 46.03+0.14 NT
Thioureab NT NT 23.08+0.19

aValue represent the means + standard deviation of three parallel measurements (p<0.05), PReference compound, NT: Not tested

Urease Activity

The urease activity results of N. sativa seed oil was
also given in Table 3. According to urease activity
assay result, V. sativa seed oil indicated significant
activity with an ICso value of 30.21+£0.37 pg/mL.

Antimicrobial Activity

The 24 hours incubation of N. sativa seed oil with
microorganisms was found to be statistically
significant in terms of the resultant inhibition (p<0.01)
(Table 4). Accordingly, the highest average inhibitory
effect of volatile oil was against C. albicans (86.07%),
while the lowest inhibition was against Z. coli (-42.31).
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Table 4. Statistical analysis of average % inhibition variation
of microorganisms incubated with V. sativa seed oil
for 24 hours. The difference between the average %
inhibition groups level were compared according to
the Tukey test.

Microorganisms % Inhibition
Average Std+
E. coli -42.31= +21.03
P. aureginosa -0.82b +13.1
B. subtilis -9.13¢ +7.9
S. aureus -17.84 +12.9
C. albicans 86.07abcde +5.2
C. parapsilosis -13.14¢ +19.3

Values with the same letters are significantly different from
each other (p<0.01).
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Many studies about different N. sativa extracts
showed that they had a potent effect on twenty-one
pathogenic bacteria such as FE. coli, S. aureus, P.
aeruginosa and some yeasts (Hanafy and Hatem 1991;
Nair et al. 2005; Hannan et al 2008; Chaieb et al
2011). In our study, V. sativa oil has been studied for
its antimicrobial activity against a several range of
microorganisms by using the spectrophotometric
microdilution  assay. Generally, all  tested
microorganisms were sensitive to V. sativa oil at MIC
range of 8.36-21.11 pg/mL. The MIC of N. sativa oil
results for E. coli was 13.62 pg/mL, B. subtilis was
21.11 pg/ml, S. aureus was 16.14 uL/mL, C. albicans
was 8.36 ul/mL, C. parapsilosis and P. aureginosa
were 8.9 pg/mL (Figure 1). Therefore, the maximum
antimicrobial activity was determined against C.
albicans (8.36 ug/mL) while the minimum activity was
determined against B. subtilis (21.11 pg/mL).
According previous studies, V. sativa oil was reported
to have a broad spectrum of activity against
Salmonella typhi, Staphylococcus albus, Shigella
niger, Escherichia coli and Vibrio cholera (Agrawal et
al 1979) and Staphylococcus aureus, Bacillus subtilis
and Pseudomonas aeruginosa (El-Kamali et al 1998),
using the plate diffusion method (Hosseinzadeh et al
2007). In vivo conditions, chloroform and methanol
extracts, and the essential oil of N. sativa inhibited
strongly K. coli and S. aureus at a range of 0.38-33
mg/kg. In addition, it was reported that the N. sativa
seed o1l was active against multiple drug-resistant
(ampicillin, tetracycline and co-trimoxazole etc.)
isolates of Vibrio chloerae, E. coli and Shigella spp. in
vitro (Ferdous et al. 1992).

Antimicrobial Activity of N. sativa oil
= MIC
21.11
136 1362 136 1614
s 10N
B.s Ca Cp E.c P.a S.a

Figure 1. The comparison of MIC (ug/mL) values of N.sativa
oil against B. subtilis (B.s), C. albicans (C.a), C.
parapsilosis (C.p), E. coli (E.0), P. aureginosa (P.a)
and S. aureus (S.a).

The pharmacological actions of N. sativa have been
reported include antipyretic, antimicrobial,
antineoplastic activity and protection against
nephrotoxicity, depending on its chemical content (Ali
and Blunden, 2003). Similarly, it is appear that the
beneficial effects of N. sativa might be related to its
components which have strong antimicrobial,
antioxidant, urease, and anticholinesterase actions in
this study.
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CONCLUSION

In complementary medicine concept, herbal drugs
extracted from natural products are being increasingly
preferred around the world. Furthermore, the extracts
are evaluated as important ingredients in several
applications ranging from functional food to active
packaging industries. V. sativa is one such herb with
numerous beneficial effects. In this study, the chemical
content of oil derived from the N. sativa seed collected
from Koycegiz region were investigated and
antioxidant, anticholinesterase, urease and
antimicrobial activity of oil were determined in vitro.
Among the identified thirty-nine compounds, high
amounts of palmitic acid (10.48%) and linoleic acid
(8.05%) were detected in the V. sativa oil.

The results of V. sativa seed oil biological activities can
be summarized as follows:

+ It can be used as a natural antioxidant supplements
to be beneficial in preventing diseases.

* In particular, for the BChE test result, it can be
evaluated as anticholinesterase agent to inhibit the
action against butyrylcholinesterase enzymes.

* The seed o1l can be potent urease inhibitors which
will be explored for patients to prevent urease-induced
symptoms or diseases.

* The antimicrobial performance of V. sativa seed oil
suggests that it is a good candidate for antimicrobial
practices.

Hence, the findings can be a valuable for
biotechnology, biodiversity, medicines and medical
studies for prospective studies of NN. sativa seed oil.
Moreover, they will help to understand the significance
of the biological diversity and the conservation efforts
of plant.
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ABSTRACT Research Article

This study was conducted on 44 newborn Holstein Friesian calves

raised in a private farm in Hatay province, Turkey. The calves were Article History

divided into two groups; the first group (control group) was fed only Received - 01.04.2019
with milk replacer and the second group was fed with milk replacer Accepted ©16.05.2019

added 893 mg oregano oil (oregano oil group) from the fourth day after

calving. The amount of milk replacer offered to the calves was 10% of ﬁeﬂ? ordls

their weekly live weights. The calves were weaned when they Ol rep a%er

consumed 800 g concentrate feed daily for three consecutive days. Gregirﬁo o1
ToOwW

Weaning age and daily live weight gains for control and oregano oil
group calves were found as 68.6 + 4.45, 67.7 £ 4.62 days and 0.300 + Performance
0.09, 0.400 + 0.011 kg, respectively. The mean consumption of milk BI,OOd
replacer, hay and concentrate feed of calves for the control and Diarrhea
orageno oil calves were found as 327.7 + 42.17, 331.0 + 49.40 liters;

13.25 + 3.025, 15.23 + 3.682 kg and 19.97 + 4.186, 22.37 + 5.709 kg,

respectively. The average initial hay, and concentrate feed consuming

ages and diarrhea days for the control and oregano oil groups were

determined as 10.6 + 0.29, 9.5+ 0.28 and 3.1 £0.111, 1.9+ 0.073 days.

The initial hay and concentrate feed consuming ages were the same in

both groups. According to the results of the study, more research is

needed to evaluate the optimal dosing of oregano oil.

Siyah Alaca Buzagilarda Kekik Yaginin (Origanum onites L.) Buzagilarin Gelisim Performansi ve Baz
Kan Parametreleri Uzerine Etkisi

OZET Aragtirma Makalesi
Bu ¢alisma, Hatay ilinde 6zel bir igsletmede yetigtirilen 44 bas yeni ) }
dogmus Siyah Alaca irki buzagi tizerinde yurutilmustir. Buzagilar 2 Makale Tarihgesi

gruba ayrilmis olup, birinci gruba (kontrol grubu), 4. giinden itibaren Gelis Tarihi  :01.04.2019
sadece buzagi mamasi, ikinci gruba (kekik yag1 grubu) ise buzag: Kabul Tarihi :16.05.2019
mamasina ilaveten 893 mg kekik yagi ilave edilmistir. I¢irilen mama
miktari, buzagilarin haftalik canli agirliklarinin % 10'u kadar
hesaplanmigtir. Ug giin st tiste 800 gr kesif yem tiiketen buzagilar
mamadan kesilmigtir. Kontrol ve kekik yagi grubu buzag: gruplarinda
mamadan kesim yasi ile giinliikk canli agirlik artig1 sirasiyla; 68.6 +
4.45, 67.7 + 4.62 giin ve 0.300 + 0.09, 0.400 + 0.011 kg olarak performans
belirlenmigtir. Toplam tiiketilen mama, kaba ve kesif yem miktarlar }{an
muamele gruplarina gore sirasiyla; 327.7 + 42.17, 331.0 + 49.40 litre; ishal

13.25 + 3.025, 15.23 + 3.682 kg ve 19.97 + 4.186, 22.37 + 5.709 kg

olarak hesaplanmigtir. Buzagilarin kaba ve kesif yem tlketimine

baglama yaslar ile ishalli gecirdikleri glin sayis1 ise sirasiyla; 10.6 £+

0.29, 9.5 £ 0.28 giin ve 3.1 £ 0.111 ve 1.9 + 0.073 giin olarak tespit

edilmigtir. Buzagilarin kaba ve kesif yeme baslama yaslar1 benzer
gerceklesmigtir. Aragtirma sonucglari, mamaya ilave edilen kekik

yaginin buzagilarda uygun dozunun ayarlanmasi amaciyla daha ¢ok

arastirma yapilmasi gerektigini ortaya koymustur.

Anahtar Kelimeler
Buzag:r mamasi
kekik yagi

geligim

To Cite : Selvi MH, Tapk: I 2019. The Effects of Oregano Oil (Origanum onites L.) on the Growth Performance and Some Blood
Parameters of Holstein Friesian Calves. KSU J. Agric Nat 22(6): 935-941. DOI: 10.18016/ksutarimdoga.vi.547528.
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INTRODUCTION

In cases where the prices of raw milk are high and the
number of calves are higher, dairy cattle farms can be
given milk replacer after drinking colostrum for the
first 3 days. Milk replacer are mainly obtained by
drying milk and milk products with special processes.
In addition to milk and milk products, various plant
sources are used to obtain milk replacer. Although
calves fed with milk replacer have a lower body weight
gain than calves fed with normal milk, this difference
closes with compensatory growth after the weaning.
Milk replacer should be taken at body temperature and
be sure of their quality. Cold drinking or poor quality
calf foods can lead to diarrhea and development
disorders (Tiirkmen, 2011; Akyiiz et al, 2017). The
case of diarrhea caused by infection or feeding is
defined as the loss of too much liquid and mineral in
the body due to the deterioration of normal fluid
movement in the digestive tract. Diarrhea can cause
the loss of the body weight with excessive fluid loss by
disrupting the chemistry of the body, causing loss of
developmental performance and death in more
advanced cases (Costello, 2005). The high level of loss
of calves both endangers the future of breeding herds
and reduces the amount of milk and meat to be
obtained from cattle and causes enormous economic
losses of the enterprises. In the neonatal period, calf
loss is between 1% and 10% in developed countries,
while this rate can reach up to 10% and 15% level in
Turkey (Civelek, 2018). In the neonatal period, 60 %
and 62.5 % of calf deaths are caused from diarrhea.
Calves are very sensitive and vulnerable in the first
month after birth and they are faced with many types
of harmful bacteria threat. Pathogenic bacteria such as
FEscherichia coli, Salmonella spp., and Campylobacter
spp. cause diarrhea in calves, and in more severe cases,
it may result in coccidiosis and death (T{izemen and
Yanar, 2013; Akyiiz et al,, 2017). Albeit cattle breeders
take numerous measures to prevent calf deaths,
pathogenic bacteria are abundant in digestive systems
in the early days of calves and diarrhea cases persist
and calf deaths cannot be fully prevented (Tiizemen
and Yanar, 2013). Due to the widespread use of
antibiotic feed additives in recent years, the resistance
of human and animal pathogens has increased as
result of renewing and improving themselves. These
pathogens have passed on to humans by leaving
residues in animal products, and it has been a concern
that antibiotics used for the treatment of these
diseases do not work. Due to these concerns, antibiotics
were banned in Sweden in 1986 and later in 2005 in
EU countries as a feed additive which promotes growth
in animal nutrition (Unlii and Erkek, 2013). The use of
antibiotics as a growth factor in animal feed was
prohibited in Turkey in January 1, 2006. Due to the
antibacterial and antifungal effects of oregano oil,
carvacrol and thymol have a lethal effect on
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microorganisms such as Erwinia amylovara, Bacillus
subtilis, Escherichia coli, Hafnia alvei, Micrococcus
Iuteus, Proteus vulgaris, Staphylococcus aureus and
Streptococcus  faecalis (Souza et al, 2007).
Furthermore, due to the effect of essential oils on the
intestinal microflora, there are many studies that
report feed and daily body weight gain increase and
prevent diarrhea and some diseases (Busquet et al,
2006; Calsamiglia et al, 2007; Jouany and Morgavi,
2007; Rusenova and Paronova, 2009; Uetaka, 2013;
Unli and Erkek, 2013). The aim of this study was to
determine the effect of the dietary addition of oregano
oil (Origanum onites L.) on growth performance, blood
parameters and diarrhea of calves in order to increase
the operating income of high milk prices in neonatal
life.

MATERIAL and METHODS

This study was conducted in a private dairy cattle farm
in Akcurun district of Antakya, Hatay province. In the
study, total 44 of Holstein Friesian calves (24 males,
20 females) were allocated into two groups. All calves
were born from the primiparous cows that imported
from Hungary. After calving, calves were allowed to
stay for 8 hours with their mothers. At the end of this
period, calves were taken to individual calf pens and 5
liters colostrum was given for consecutive three days
in the morning and evening. From the fourth day on,
liquid milk replacer were given to the calves. The milk
replacer contained lactoferrin, lactoperoxidase,
prebiotics, organic acids, organic selenium, sorbitol,
choline and methionine. While the first group (n: 21)
was given only milk replacer (n: 23), the second group
of calves were given 893 mg oregano oil in addition to
milk replacer. Milk replacer was prepared by adding
per kg of powdered milk replacer to 8 liters of water.
Liquid milk replacer was given to the calves at 35.5-
36.5 °C temperature twice a day (morning-evening).
The amount of milk replacer to be given to the calves
was calculated as 10% of the weekly live weight of the
calves. Quality alfalfa and calf starter were given to
the calves as ad libitum after the 4th dayCalf starter
consists of 30% barley, 20% corn, 10% wheat bran, 25%
soybean meal, 5% cottonseed meal, 8% molasses and
2% vitamin-mineral mixture, the amount of protein
was 196 g/kg and the amount of crude fiber was 53
g/kg. Each kg alfalfa hay contained as 850 g/kg of dry
matter, 1530 kcal/kg metabolizabl energy, 150 g/kg
crude protein and 290 g/kg of crude cellulose. Clean
and fresh water at 20-22 °C temperature was provided
in front of the calves for 24 hours. Calves were weaned
when they consumed 800 g/day of concentrate feed for
three consecutive days. Oregano oil used in the study
was obtained from a commercial enterprise and
content analyzes were determined by Hewlett Packard
6890 model gas chromatography in Hatay Mustafa
Kemal University Central Laboratory. In this study,
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the growth performance characteristics of calves such
as daily live weight gain, the amounts of daily hay and
concentrated feed consumption, feed conversion ratio,
weaning age, weaning weight, total milk replacer
consumption and fecal scores were emphasized. In
addition a fecal scoring was performed according to
Larson et al (1977). In fecal scoring, normal
consistency was evaluated as 1 point; soft but could not
be handled was 2 points, easily and easily dispersible
was 3 points and no solids in the consistency was
evaluated as 4 points. Blood samples from calves were
collected from the vena jugularis by the veterinarian,
giving importance to the necessary hygiene and
cleanliness with the decision of the Board of Ethics
Committee No. 2014-8 / 1 of the Animal Experiments
Local Ethics Committee of Hatay Mustafa Kemal
University. Albumin, AST (SGOT), phosphorus, GGT,
glucose, calcium, creatinine, cholesterol, triglyceride,
total T3 and T4, globulin, insulin and growth hormone
(growth hormone) levels of blood samples were
analyzed. The analyzes were carried out in a
commercial laboratory with procurement of services.
Colorimetric method was used for albumin, creatinine,
cholesterol and globulin analyzes; Kinetic method was
used for AST (Aspartate aminotransferase) and G-GT
(Gamma Glutamyl Transferase); Radioimmunoassay
method was used for insulin, total T3 and T4 levels;
ELISA (Enzyme Linked Immunosorbent Assay)
method was used for the growth hormone (GH)
analysis; Glycerol Phosphate Dehydrogenase method
was used for triglyceride analysis; flame photometer
method was used in calcium analysis and the inorganic
phosphate method was used for phosphorus analysis
(Karagiil et al, 2000). In this study, SPSS (2015)
package program was used for the statistical analysis.
While  General Linear Model “REPEATED
MEASURES” test used for weekly live weights and
weaning weights, General Linear Model
“UNIVARIATE” test was used for daily live weight
gain, feed intakes, age of weaning ages, ages of initial
consuming hay and concentrate feed, fecal scores,
blood parameters and number of days with diarrhea
characteristics of calves.

Table 1. Growth performance values of group

RESULTS and DISCUSSION

Live Weights, Initial Hay and Concentrate Feed
Consuming Ages of Calves

Birth weights, weekly live weights and weaning
weights, weaning ages, initial consumption ages of hay
and calf starter, daily live weight and total body weight
gains of calves are shown in Table 1 and Figure 1. The
oregano oil has a positive effect on all growth
performance characteristics of calves. The differences
between control and oregano oil used groups for the
initial consumption ages of hay and concentrate feed
were found statistically significant (P<0.05), while
other characteristics were not found significant
(P>0.05). Calves used Oregano oil have -earlier
weaning age, higher daily live weight and total weight
gains and weaning weights (Table 1). It was observed
that calves used oregano oil consumed more 3.3 kg
milk replacer, 1.98 kg hay and 2.4 kg concentrate feed
than the control groups. Similar studies were
conducted on different animal species (Hernandez et
al, 2009; Chaves et al, 2008; Simitzis et al, 2008;
Abdel-Wareth et al., 2012; Ionescu et al., 2013; Van der
Vliet and Cardozo, 2013; Ozalpaydin, 2014; Silper et
al, 2014; Cardinali et al, 2015). Oregano oil group
began to consume hay and concentrate feed at an
earlier age of 1.1 days than control group calves. This
due to that the oregano oil may have increased feed
consumption and appetite, rumen development and
regulated rumen pH at an earlier age.

The Hay, Concentrate Feed and Milk Replacer
Consumption Amounts of Calves

The amounts of milk replacer, feed conversion ratio,
hay and concentrate feed consumption of control and
oregano oil groups are shown in Table 2. The
differences between control and oregano oil groups
were not significant (P>0.05) for the total milk
replacer, hay, concentrate feed intake and feed
conversion ratio.

Calf Groups

Characteristics Control (n=21) | Oregano oil (n=23) | P-values
Live weights

Birth (kg) 38.7+5.24 38.6 = 4.27 0.918
Week 3 (kg) 41.4+ 4.53 42.3+ 4.75 0.514
Week 6 (kg) 47.5 + 6.80 479+ 5.26 0.830
Week 9 (kg) 58.1 + 8.27 59.6+7.95 | 0.538
Weaning weight (kg) 61.0 + 7.65 63.2+9.38 | 0.398
Weaning age (d) 68.6 + 4.45 67.7 + 4.62 0.547
Inital consuming ages of hay and concentrate feed (d) 10.6 + 0.29 9.5+0.28 0.012
Daily live weight gain (kg) 0.300 + 0.09 0.400+0.11 0.242
Total body weight gain (kg) 22.3 £6.37 24.7 + 8.05 0.289

P<0.05
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Figure 1. Average weekly live weights of calves (kg)
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Table 2 2 Performance of calves according to measurement time in treatment groups

Calf Groups

Feed Intake (kg) Control Oregano oil P-

(n=21) (n=23) values
Milk Replacer Live weights, kg/calf
Week 3 29.0 £ 3.17 29.6 + 3.33 0.663
Week 6 33.2+4.76 33.5+ 3.68 0.962
Week 9 74.5 £ 27.45 73.2 £ 35.35 0.538
At the weaning 33.8 £26.78 32.6 = 31.89 0.398
Total intake 327.7+42.17 331.0 £ 49.40 0.815
Alfalfa Hay Feed intakes, kg
Week 3 0.17 £ 0.053 0.20 £ 0.067 0.262
Week 6 1.21 £ 0.330 1.563 + 0.466 0.703
Week 9 2.80+ 0.512 3.44 + 0.645 0.589
At the weaning 3.43 +£ 0.462 3.60+0.573 0.537
Total comsumption 13.25 £ 3.025 15.23 + 3.682 0.881
Daily intake 0.200 £ 0.075 0.220 + 0.062 0.196
Calf Starter Calf starter intakes, kg
Week 3 0.14 +£ 0.051 0.18 £ 0.062 0.685
Week 6 1.09 £ 0.408 1.59+0.723 0.395
Week 9 5.32 + 0.986 5.53 £ 1.264 0.425
At the weaning 4.52 +1.020 4.62 + 1.004 0.387
Total intake 19.97 £ 4.186 22.37 +5.709 0.164
Daily intake 0.290 = 0.088 0.330 +0.104 0.225
Feed conversion ratio (g feed/ g gain) 3.1+0.16 2.8+0.16 0.346

P<0.05

It was observed that oregano oil group calves
consumed more 3.3 kg milk replacer, 1.98 kg hay and
2.4 kg concentrate feed than the control group (Table
2). Similar results were reported by Morrison et al.
(2010), Unli and Erkek, (2013), Ozalpaydin, (2014),
Silper et al (2014), and Seifzadeh et al (2017), while
Santos et al. (2015) stated that oregano oil decreased
the amount of consumption of milk replacer.

These differences can be thought to be caused by the
fact that essential oils are given to animals in different
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doses. Because calves initially do not like the taste of
essential oils, feed intake was lower. The oregano oil
group calves consumed 1.98 kg more hay than the
control group calves. These results can be explained
that the oregano oil caused increasing feed
consumption due to the positive effect of the calves on
the rumen microflora, digestive system and the
increasing appetite of calves. Many studies conducted
in this subject support the results of current research
(Montoro et al, 2011; Vakili et al, 2013; Seifzadeh et
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al., 2017). The calves used oregano oil was consumed
2.40 kg more concentrate feed than the control group
calves (Table 2). These results are similar to Unlii &
Erkek (2013), and Izzaddeen & Kaygisiz (2018). These
results indicated that oregano oil increases calves’
appetite and concentrate feed consumption, and starts
consuming at earlier ages. However, some studies
emphasized that essential oils reduce the number of
proteolytic rumen bacteria and decrease the rumen
deamination and thus reduce the consumption of
concentrate feed (Santos et al (2015). It may be stated
that the differences between studies are based on use

of different animal species and essential oils, use of
essential oils in different doses and forms and feeding
methods. The feed conversion ratio was better in
oregano oil group calves (Table 2).

Fecal Scores and Diarrhea Incidence of Calves

The diarrhea days, fecal scores of calves and the
results of statistical analysis are given in Table 3. The
differences between control and oregano oil groups for
the diarrhea days and the fecal scores were not
statistically significant (P>0.05). Oregano oil group
calves had 1.2 diarrhea days less than control group.

Table 3 Day and fecal scores for diarrhea according to measurement time in treatment groups

. Groups

Diarrhea days (d) Control (n=21) Oregano 0il(n=23) | P-values
Week 3 0.9+0.39 0.2+0.15 0.124
Week 6 0.1+0.10 0.0+ 0.00 0.159
Week 9 0.0+ 0.00 0.0+ 0.00 -
At the weaning 0.0+ 0.00 0.0+ 0.00 -
Total number of diarrhea days (d) 3.1+£0.11 1.9+ 0.07 0.370
Average of diarrhea days (d) 0.3+0.01 0.2 +0.08 0.134
Fecal Scores

Week 3 1.57 £ 0.098 1.26 + 0.062 0.211
Week 6 1.29+ 0.078 1.13 + 0.046 0.422
Week 9 1.06 + 0.038 1.00 + 0.000 0.301
At the weaning 1.05 £ 0.022 1.00 £ 0.000 0.286
Average of fecal score 1.26 £ 0.034 1.16 £ 0.028 0.313

P<0.05

This result can be explained by decreasing the
activities of the harmful microorganisms which cause
diarrhea by regulation of the rumen metabolism of the
animals and increasing the rate of feed utilization.
These results agree with Bambidis (2006); Unli and
Erkek, (2013); Ozalpaydin (2014); Ammar et al,

(2017); Seifzadeh et al, (2017) and Katsoulos et al
(2017).

Blood Parameters of Calves

The results of the statistical analysis of the blood
parameters of the calf groups are shown in Table 4.

Table 4 Blood analysis according to the measurement time in treatment groups

Calf Groups

Blood Parameters Control (n=21) Oregano oil (n=23) P-values
Albumin (g/dL) 3.3+0.11 3.1+ 0.07 0.172
AST (U/L) 108.5 + 8.55 86.5 + 2.62 0.006
Phosphorus (mg/D1) 8.1+0.64 8.4+ 0.28 0.603
G-GT (U/L) 17.4 = 1.59 23.9 + 2.50 0.086
Glucose (mg/dL) 92.5+8.10 97.0 + 6.55 0.680
Calcium (mg/dL) 9.9+0.30 10.8+0.19 0.010
Creatinine (mg/dL) 0.9+ 0.05 0.91+0.04 0.831
Cholesterol (mg/dL) 101.1 + 5.94 126.6 + 12.93 0.181
Triacylglceride (mg/dL) 31.6 + 3.25 36.9 +2.30 0.193
T4 (nmol/L) 68.6 + 11.14 73.8+ 6.91 0.679
Globulin (g/dL) 3.3+ 0.20 3.4+0.16 0.518
T3 (nmol/L) 2.0+ 0.37 1.6 +0.21 0.273
Insulin (pmol/L) 114.9 + 17.10 121.6+11.78 0.747
GH (ng/mL) 6.6 + 0.30 6.0 + 0.33 0.232
P<0.05
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The differences between control and added oregano oil
calves for the AST and calcium were found significant
(P<0.05), while the differences in all other blood
parameters were not found significant (P>0.05). The
phosphorus, glucose and triglyceride were not found
within normal level range. The level of calcium in the
blood was found to be higher in oregano oil added milk
fed calves than the control group calves. It can be
expressed that oregano oil increases the amount of
calcium in the blood as a result of accelerating the
absorption of calcium in the small intestine. These
results were similar to Karagiil et al (2000) reports.

CONCLUSION

The results of the study showed that the addition of
oregano oil to milk replacer was less important for
calves for initializing of consuming hay and
concentrated feed. In this study, it has been shown that
it was effective in decreasing the age of onset of
consumption of coarse and concentrated feed. In the
present study, only one dose of oregano oil was used in
calves. Since there have been not sufficient studies on
the use of essential oils on calves, new studies are
required for the effect of different doses and delivery
times of essential oils of different plants.
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ABSTRACT

This study was conducted to evaluate the effect of added different
levels of common salt in drinking water on the production performance
and mortality rate in Japanese quail chicks. A total of 600 one-day old
(8.61+0.21 grams) Japanese quail chicks divided into six treatment
groups and five replicates of 20 birds per experimental units, based on
completely randomized design for 42 days. All groups were fed the
same diets and only amount of salt in the water differed. Control group
consumed conventional drinking water and other treatments have
1.32, 2.80, 3.80, 5.56 and 7.12 grams of salt per liter which was equal
to 233 ppm total dissolved solids (TDS) for control group and 1233,
2233, 3233, 4233 and 5233 ppm for other experimental groups,
respectively. The results showed that feed intake (FI), body weight
gain (BWG), live body weight (LBW) and feed conversion ratio (FCR)
were significantly affected by water salinity (p< 0.0001). The highest
FI and worst FCR were for treatment containing 5233 ppm TDS
whereas the best FCR have been observed for treatments containing
233, 1233 and 2233 ppm TDS. The mortality rate also significantly
increased by the increasing TDS level in drinked water (p<0.0001). In
conclusion, in order to maintain quail chicks performance at economic
and acceptable range as well as least mortality, amount of TDS in
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drinking water should not be more than 2233 ppm.
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INTRODUCTION

Water quantity and quality are the significant
challenges in arid to semi-arid regions of the world
including Iran (Madani et al., 2016; Vosooghi-
Postindoz et al., 2018). Average annual precipitation in
Iran is lower than 250 mm which is 72% less than the
global average of 814 mm; so that the country is facing
great water shortage, which resulted in drying lakes
and rivers, reducing groundwater levels, increasing
contamination and salinization of water, water supply
rationing, salt and sand storms and increasing need to
water desalination (Madani et al., 2016; Karandish
and Hoekstra 2017). Drying Lake Urmia which is one
of the world’s largest hypersaline lakes, led to
shortage, salinity and contamination of the water
resources in north west of Iran (Karandish and
Hoekstra 2017).

Water salinity is referred to the total concentration of
soluble inorganic ions in particular sodium and
chloride. Electrical conductivity (EC) and total
dissolved solids (TDS) are usually used to measure
water salinity (Atekwana et al., 2004; Rusydi 2018).

Yape Kii and Dryden (2005) cited that water salinity
may cause harmful effects resulting in poor
performance, illness or even death of animals. They
have stated that adverse effects of salinity on health
and performance varied based on species and breeds,
adaptation and environment of animals. Alahgholi et
al (2014), also stated that animal’s tolerance to
different amounts of NaCl in the water may depends
on their species, age, water requirement, physiological
condition, season of the year and salt content of total
diet.

Nowadays, animal production industry is facing with
both water scarcity and salinity in Iran. Thus, it seems
that, there are no much more options for farmers other
than efficient water utilisation, desalination of the
water or using available water for adapted or resisted
animals. Poultry producers in regions with high levels
of water TDS, especially NaCl in water, try to solve the
problem by reducing diet NaCl content and purifying
saline water (Honarbakhsh et al., 2007).

Recently, Japanese quail (Coturnix coturnix Japonica)
rearing have been increased in the country (Emami et
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al., 2015; Seifi et al., 2016; Saki et al., 2017) due to high
yields in much more limited spaces, lower need to
expensive investments and shorter production periods
as well as higher income and qulity of products
(Emami et al., 2012; Emami et al., 2015; Kalafova et
al., 2018). Japanese quail is used as an animal model
for different studies suitable for its eggs and meat
production and it is more resistant to various diseases
as well as environmental condition than that of
chickens (Redoy et al., 2017; Kalafova et al., 2018).
Althogh there is several researches in term of drinking
saline water on health and production performance of
meat and egg type poultries (Julian 1987; Barton 1996;
Pourreza et al., 2000; Chen and Balnave 2001;
Honarbakhsh et al., 2007; Kiani and Feizi 2008; Dai et
al., 2009; Ahmed, 2013; Alahgholi et al., 2014; Elsaidy
et al., 2015), but there is a little studies on the effect of
water salinity on performance of Japanese quail
(Shanawany et al., 1989; Erener et al., 2002).

This study was conducted to determine the effects of
increasing TDS level of water by adding different
levels of sodium chloride (common salt) to the water on
production performance and mortality rate of
Japanese quails.

MATERIALS and METHODS
Experimental precedure

A total of 600 one-day old unsexed Japanese quail
chicks (8.61+0.21 grams) were obtained from
commercial hatchery in East Azerbaijan, Iran, at
winter of 2016 and divided into six groups comprising
five replicates of 20 birds each, based on completely
randomized design for 42 days. Ethical and animal
care considerations approved by the Animal Research
Committee in Islamic Azad University, Shabestar
Branch (IAU-195), Shabestar, Iran. All treatments
were reared at littered floor containing sawdust with 5
cm depth, in same conditions and fed the same diet
(Table 1); formulated based on NRC (1994), only with
different amounts of salt in their drinking water.
Control treatment (T1) was consumed conventional
drinking water (without adding any salt) and other
treatments (T2- T6) have 1.32, 2.8, 3.8, 5.56 and 7.12
grams of salt per liter which was equal to 233 ppm total
dissolved solids (TDS) for control group (T1) and 1233,
2233, 3233, 4233 and 5233 ppm for experimental
groups (T2- T6), respectively. All birds have free access
to drinking water based on treatments. Electrical
conductivity (EC) of the treatments was measured by
EC meter in the laboratoriy of chemistry, Islamic Azad
University, Shabestar, Iran. Amounts of TDS were
calculated using EC data by the equation: TDS = 640
* EC where; TDS as ppm and EC as dS/m (Atekwana
et al., 2004).

Statistical Analysis

Experimental data were subjected to analysis of

variance (ANOVA) as a completely randomized design
(CRD) with six treatments and five replicates for each
treatment, using general linear model (GLM)
procedure of SAS (2008) and then, treatment means
were compared by Duncan multiple range tests (Steel
et al., 1997).

Table 1. Feed Ingredients and Nutrient Contents of
Experimental Diets of Japanese Quails at
Whole Growing Period (1- 42d)

Feed ingredients (%)
Corn grain 52.89
Soy bean meal (44% CP) 38.80
Corn gluten (60% CP) 3.93
Sunflower oil 1.32
Oyster shell 1.34
Dicalcium phosphate 0.77
Common salt 0.25
Vitamins premix 0.25
Minerals premix 0.25
DL-Methionine 0.12
HCL- Lysine 0.08
Nutrients (calculated)

Metabolisable energy (Kcal/kg) 2900
Crude protein (%) 24.00
Crude fiber (%) 3.93
Ca (%) 0.80
P available (%) 0.29
Methionine (%) 0.50
Methionine+ Cysteine 0.93
Lysine (%) 1.30
Na (%) 0.11
Cl (%) 0.19
RESULTS and DISCUSSION

Effect of water salinity on feed intake (FI)

Effect of water salinity on FI of Japanese quails at 1-
21 days, 21-42 days and whole experimental period (1-
42 days of age) illustrated in Tables 2-4. There are
significant  differences  between  experimental
treatments at the rearing periods of 1-21 (p<0.0001),
21-42 (p<0.0001) and 1-42 days of age (p<0.0001). At
the 1-21 days of age (Table 2); T1, T2, T3 and T4
(treatments containing 233, 1233, 2233 and 3233 ppm
TDS in water) had significantly lower FI than T5 and
T6 (treatments containing 4233 and 5233 ppm TDS in
water, respectively). At the period of 21-42 days of age
(Table 3) as well as whole period of the experiment
(Table 4), T6 had higher and T3 had lower FI than
other groups. Our results are similar to the findings of
Sklan and Noy (2000) as well as Honarbakhsh et al
(2007). They indicated that using high levels of sodium
increased FI due to stimulating role of this element on
appetite as well as absorption. They have suggested
that sodium has a very important role on FI just after
hatching and also in secretion and activity of some
digestive enzymes. Olanrewaju et al (2007) also
supposed that FI may be increased by increasing Na
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level in poultry diets due to physiological functions of
sodium as an effective enzyme activator in the body.
Jankowski et al (2011) supported that in fast-growing
chickens an intake of dietary sodium higher than that
of NRC (1994) recommendations, has a beneficial effect
on feed consumption. In contrast of our study, Chen
and Balnave (2001) concluded that higher inclusion of
NaCl in drinking water could not affect FI in laying
hens. Same results also reported by Mahmud et al
(2010) in broiler chickens and Erener et al (2002) in
Japanese quails. Besides, Alahgholi et al (2014) found
no effects of water salinity on FI at any stages of
broilers rearing period. However, they have cited that
sensitivity or tolerance of animals to water salinity and
its effects on their performance may be dependent on
their species, age, and water requirement, and
physiological condition, season of the year and salt
content of total diet. Shanawany et al (1989) examined
the effect of amounts of 0, 500, 1000 and 1500 ppm
sodium chloride in the drinking water of Japanese
quails and concluded that FI decreases as salt
concentration increases. Also, Afifi et al (1992)
reported that feed consumption of broiler chickens
decreased as a result of high sodium chloride level in
the drinking water. This may be related to loss of
appetite owing to lesions of the appetite center in the
lateral nucleus of the hypothalamus as well as
inflammation in the rectum of birds caused decrease in
FI drastically and this effect presumably was mediated
via hypothalamus. Moreover, the crop of the birds has
limited capacity. Saline water conduced to increased
water consumption probably at the cost of feed
consumption.

Effect of water salinity on body weight gain (BWG) and
live body weight (LBW)

Effect of water salinity on BWG and LBW of Japanese
quails at 1-21 days, 21-42 days and whole
experimental period (1-42 days of age) indicated in
Tables 2-4. There are significant differences between
experimental treatments at the periods of 1-21
(p<0.0001), 21-42 (p<0.0001) and 1-42 days of age
(p<0.0001). At the 1-21 days of age (Table 2), the
highest BWG and LBW obtained for control group (T1)
and the lowest were observed in T3, T4, T5 and T6. At
the period of 21-42 days of age (Table 3), BWG and
LBW significantly affected by the TDS levels so that
T3 had lowest BWG and LBW. At the whole period of
experiment (Table 4), control group had the highest
and T3 had the lowest BWG and LBW. Overall, TDS
levels lower than 2233 ppm conduce to better growth
performance while higher levels leads to lower BWG
and LBW. In line with our findings, Ahmed (2013)
concluded that up to 2610 ppm of TDS in drinking
water had not negative effects on broiler growth
performance, while higher levels resulted in adverse
effects growth rate of experimental birds. The study
suggests that a TDS level of 2610 ppm has a better

effect on broiler performance, in terms of BWG as well
as immunity in hot weather even compared with the
control group. NRC (1994) suggested that, the water
TDS of less than 1000 ppm should present no adverse
effects on growth and production performance to any
class of poultry, but higher levels may affect their
health and performance. Kettunen et al (2001)
demonstrated that consumption of water with higher
salinity may exert negative effects on performance
traits of the birds due to deterioration of osmotic
pressure and intracellular metabolism. Goldstein &
Skadhauge (2000) declared that increasing TDS level
in drinking water above 1500 ppm, led to enhance
osmotic stress which in turn increases urination, and
when rises above 3000 ppm, osmotic regulation is
strike a balance. Barton (1996) reported that drinking
water with TDS higher than 3000 ppm causes growth
rate depression. Afifi et al (1992) suggested that
depression of BW in saline water drinking birds is
related to the increasing levels of glucocorticoids and
correlated between adrenal size and body weight as
well as severe diarrhea.

Effect of water salinity on feed conversion ratio (FCR)

Effect of water salinity on feed conversion ratio of
Japanese quails at 1-21 days, 21-42 days and whole
experimental period (1-42 days of age) demonstrated in
Tables 2-4. There are significant differences between
experimental treatments at the periods of 1-21
(p<0.0001), 21-42 (p<0.0001) and 1-42 days of age
(p<0.0001). At the 1-21 days of age (Table 2), feed
conversion ratio adversely affected by increasing TDS
level in drinking water. The best (lowest) feed
conversion ratio observed in T1 and T2 and the worst
(highest), were in T5 and T6. However at the period of
21-42 days of age (Table 3), the lowest FCR was for the
T1 and T3, and highest was for T6. At whole
experimental period (Table 4), also FCR adversely
affected by increasing TDS level in drinking water and
T1, T2 and T3 were the best and T6 was the worst
treatment. It means that, at whole period of the
experiment TDS levels higher than 2233 ppm resulted
in higher FCR and consequently lower productivity. In
agreement with our results, Honarbakhsh et al (2007)
observed that enhancing salinity of drinking water can
increases feed conversion ratio (FCR) and reduces
performance of broiler chickens due to impaired cation-
anion balance which in turn it affects a lot of
physiological and metabolic functions of body.
Moreover, they have mentioned that young chicks are
more susceptible to salt than older birds. However,
Erener et al (2002) examined the performance of
Japanese quails at 42 days of age offered sodium
chloride provided through drinking water and did not
observed significant differences between the treatment
groups in terms of FI, BWG, LBW, FCR, water
consumption or water to feed consumption ratio.
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Table 2. Effect of Water Salinity (TDS) Levels on Production Performance of Japanese Quails at
1-21 Days of Age

Treatments FI (g) BWG (g) LBW (g) FCR (g/g)
T1 302.23b 124.3a 133.30a 2.42a

T2 295.63b 118.9b 127.87b 2.48a

T3 285.45b 101.8c 111.34c 2.80b

T4 286.38b 104.3c 113.25¢ 2.74b

T5 320.65a 102.4c¢ 111.35¢ 3.12¢

T6 335.40a 102.5¢ 111.47¢ 3.27¢

P value <0.0001 <0.0030 <0.0001 <0.0001
SEM 5.778 0.6025 0.6542 0.0566

Means in the same column with different letters (a, b and ¢) are differ (P<0.05).

T1- T6 containing 233, 1233, 2233, 3233, 4233 and 5233 ppm total dissolved solids (TDS), respectively.
SEM: standard error of means

Table 3. Effect of Water Salinity (TDS) Levels on Production Performance of Japanese Quails at
21-42 Days of Age

Treatments FI (g) BWG (g) LBW (g) FCR (g/g)
T1 378.12b 104.95ab 238.25a 3.56a

T2 404.07b 105.12ab 232.50b 3.83b

T3 327.577¢c 97.66¢ 209.25e 3.59a

T4 386.01b 104.25ab 217.50cd 3.70bc
T5 397.05b 108.14a 219.50c 3.65bc
T6 427.49a 102.77b 214.25d 4.15¢

P value <0.0001 <0.0030 <0.0001 <0.0001
SEM 9.42 1.42 1.33 .066

Means in the same column with different letters (a-d) are differ (P<0.05).

T1- T6 containing 233, 1233, 2233, 3233, 4233 and 5233 ppm total dissolved solids (TDS), respectively.
SEM: standard error of means

Table 4. Effect of Water Salinity (TDS) Levels on Production Performance of Japanese Quails at
1-42 Days of Age

Treatments FI (g) BWG(g) LBW(g) FCR(g/g) Mortality Rate (%)
T1 680.33bc  229.00a 238.25a 2.97a 06.01a

T2 699.70bc  224.00b 232.50b 3.13a 12.11b

T3 634.18d 200.25e 209.25e 3.16a 16.06bc

T4 669.87cd  208.50cd 217.50cd 3.22bc 21.04c

T5 717.95b 210.50c 219.50c 3.40b 31.09d

T6 762.90a 205.25d 214.25d 3.71c 49.00e

P value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

SEM 12.42 1.26 1.30 0.06 1.715

Means in the same column with different letters (a-e) are differ (P<0.05).
T1- T6 containing 233, 1233, 2233, 3233, 4233 and 5233 ppm total dissolved solids (TDS), respectively

SEM: standard error of mean

Also, in contrast with our findings, Dai et al (2009)
reported that addition of 0.4% comparing 0.2% NaCl in
drinking water, increased BWG and improved FCR.
Afifi et al (1992) declared that higher FCR in birds that
offered drinking water with higher salinity may be due
to severe diarrhea and subsequent weight loss of birds.

Effect of water salinity on mortality rate

Effect of water salinity on mortality rate of Japanese
quails in the whole experimental period (1-42 days of
age) showed in Tables 4. Mortality of the quails was
significantly (p<0.0001) affected by the increasing TDS
level in drinking water; which was varied between 6%

for T1 to 49% for T6. Mortality rate have increased by
increasing drinking water salinity. Increasing
mortality of birds by increasing TDS levels in drinking
water has been reported by several researchers (Julian
1987; Ali Maie et al., 1992; Barton 1996; Pourreza et
al., 2000; Erener et al., 2002; Honarbakhsh et al., 2007;
Kiani and Feizi, 2008). Julian (1987) had been stated
that excess sodium chloride in the diet and drinking
water cause ascites and oedema in poultry. Sodium is
the toxic ion in salt poisoning and young poultry may
be at particular risk from excess sodium because they
have lower plasma osmolarity and undeveloped
kidneys. Ali Maie et al (1992) showed that salt stress
caused substantial increase in respiratory rate,
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hematocrit values and total plasma protein levels of
the broiler chicks which in turn leads to increasing
mortality. They have concluded that in broiler chicks
the tolerable level of salt in drinking water is 2 g/L.
Barton (1996) concluded that drinking water with TDS
in excess of 3000 ppm resulted in increased flock
mortality. Pourreza et al (2000) indicated that using
water with higher levels of TDS had the most negative
effects on mortality rate in the rearing period of
broilers and up to 56.2% mortality was recorded at the
highest TDS content (more than 5000 ppm). They have
concluded that gastro intestinal, liver and kidney
lesions as well as acid-base imbalance and coccidiosis
due to salt stress may be the main reasons of mortality.
Also in the experiment of Erener et al (2002) mortality
rate of Japanese quails in particulate newly hatched
chicks was increased by enhancing NaCl level of the
drinking water. Honarbakhsh et al (2007) found the
adverse effects of higher TDS on mortality,
particularly in young chicks which are more
susceptible to salt than older birds. A number of
mortalities in their study caused by ascites which
caused by salt overdose and osmotic difference between
plasma and tissue. They have cited that high levels of
sodium chloride in drinking water leads to increase
blood pressure, heart failure, water consumption and
litter moisture and therefore resulted in increasing
occurrence of some diseases such as ascites and
coccidiosis and consequently increasing mortality rate.
Kiani and Feizi (2008) characterized that using
drinking water with higher than 350 ppm sodium
concentration resulted in higher mortality rate.
Watkins et al (2005) suggested that dietary levels of
sodium and chloride should adjusted based on levels of
these elements in the drinking water. Moreover, they
have estimated that sodium in the drinking water may
replace even complete supplemental sodium in the
diet.

CONCLUSION

Based on the results of current study, it can be
concuded that, in order to maintaining quail chicks
performance at economic and acceptable range as well
as least mortality, amout of TDS in drinking water
should not be more than 2233 ppm. So, higher salinity
in drinking water leads to higher FI, FCR and
mortality rate and lower body weight gain and finally
lower profitability.
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ABSTRACT Research Article

This study was performed to reveal the changes in certain serum

biochemical parameters in animals diagnosed with Cystic Article History
Echinococcosis. The material of the study consisted of 40 sheep aged Received ©20.02.2019
1-3, which were brought for slaughter from different animal farms of Accepted ©23.05.2019

Siirt. Overall, 20 sheep which were determined to be healthy in

physical examinations and had no pathological lesions in their Iéeyw}(l)rgs d

internal organs were determined as the control group, while the Bi,St d ydati

remaining 20 sheep with cystic lesions in their lungs and livers which L,OO B
iver

were protoscolex-positive formed the infected group. While no
significant relevant difference between the K, Cl, Ca, Mg, GGT, ALT,
ALB, TRIG and CHOL levels of health and infected animals (p>0.05),
statistically meaningful changes in Na (p<0.01), TBIL (p<0.05), and
TP and GLOB (p<0.001) levels and AST (p<0.001) activity were
observed between the groups. As a result, it was determined that the
changes in AST, total protein, globulin, and total bilirubin levels could
be used as supportive laboratory analyzes in a determination of the
prognosis of animals infected with Cystic Echinococcosus and of the
physiopathologic alterations occurring in their livers.

Kist Hidatik ile Dogal Enfekte Koyunlarda Bazi Biyokimyasal Parametrelerin Arastirilmasi

OZET Aragtirma Makalesi
Bu calismada, Kistik Ekinokokkozis tanisi konulan koyunlarda, bazi ) .
serum biyokimyasal parametrelerdeki degisimlerin arastirilmasi Makale Tarihgesi

amaclanmigtir. Calismanmin materyalini  Siirt ilindeki farkh Gelis Tari}.li' ©20.03.2019
isletmelerden kesime getirilen; 1-3 yash 40 koyun olusturdu. Yapilan Kabul Tarihi :23.05.2019
organ muayenelerinde herhangi bir patolojik lezyon bulunmayan ve

fiziki muayenede saghkli oldugu tespit edilen 20 adet koyun Anahtar Kelimeler

calismanin kontrol grubunu, karaciger ve akcigerlerinde Kkistik EISt hidatik leri
yapilar parazitolojik olarak incelenerek protoskoleks yontiinden pozitif an p.avrametre er
Karaciger

olan 20 adet koyun ¢alismanin enfekte grubunu olusturdu. Saglikli ve
enfekte gruplar arasinda K, Cl, Ca, Mg, GGT, ALT, ALB, TRIG ve
CHOL diizeyleri bakimindan istatistiksel olarak anlamlh bir fark
tespit edilmezken (p>0.05), Na (p<0.01), TBIL (p<0.05), TP ve GLOB
(p<0.001) seviyeleri ile AST (p<0.001) aktivitesi bakimindan, gruplar
arasindaki farkin anlamli oldugu belirlendi. Sonug olarak, AST, total
protein, globiilin ve total bilirubin dizeylerindeki degisimlerin,
karacigerde meydana gelen fizyopatolojik degisikliklerin tespit
edilmesinde ve Kistik ekinokokkozis ile enfekte hayvanlarin
prognozunun belirlenmesinde yardimeci laboratuvar analizleri olarak
kullanilabilecegi kanisina varilmigtir.

To Cite : Irak K, Celik OY, Aslan Celik B, Bolacali M, Mert H, Mert N 2019. Investigation of Some Biochemical Parameters in
Sheep Naturally Infected with Cystic FEchinococcosis. KSU J. Agric Nat 22(6): 948-952. DOL:
10.18016/ksutarimdoga.vi.529603
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INTRODUCTION

Cystic echinococcosis is a zoonotic disease caused by
the larvae of the ZEchinococcus granulosus (E.
granulosus) infecting the intermediate hosts, and the
disease represents a significant threat for human and
animal health all around the globe (Yildiz and Gurcan,
2003; Hakverdi et al., 2008; Demir and Mor, 2011). The
adults of E. granulosus live in the small intestines of
the dogs and other canines that are the final hosts,
while its larvae lives in various tissues and organs of
humans and certain mammals, particularly in
herbivores like sheep, goats, and cattle, which
represent the intermediate hosts (Yildiz and Gurcan,
2003; Gicik et al, 2004; Gokcen et al., 2006; Hakverdi
et al., 2008). The most important source of infection for
humans and animals that are the intermediate hosts
are the infected dogs. The vegetables, fruits, and
drinking waters contaminated with the dog feces form
the source of infection (Gokcen et al, 2006). The
parasite is reported to be capable of settling into
almost every organ, including lungs, kidneys, spleen,
brain, and heart (Karaman et al, 2005).

Significant changes reportedly occur in blood
parameters of animals exposed to the parasitic
invasion (Mert et al, 2003; Ayaz et al, 2006; Sahin and
Akgul, 2006; Tanritanir et al, 2009; Uslu et al,, 2011).
Parasitic infections seem to cause increased hepatic
enzyme activity and decreased trace element levels by
causing liver damage (Sahin and Akgul, 2006; Vengust
et al, 2003). Some researchers report that
investigating the hepatic enzyme activities and total
bilirubin, protein, and albumin levels are helpful in the
evaluation of the liver functions (Tennant and Center,
2008). Minerals, on the other hand, have an important
role in maintaining normal physiological functions and
protecting organisms against disease. These
substances are found in the structure of cofactors that
are necessary for enzymatic activity (Karagul, 2000).

Considering the relationship of the cystic
echinococcosis with certain biochemical parameters,
various studies were thus performed both in humans
(Koltas et al, 2006; Ersayit et al, 2009; Kilic et al,
2010), sheep (Sagkan-Ozturk et al., 2015; Cinar et al.,
2018; Irak et al, 2018) and cattle (Yarim et al, 2010,
Heidarpour et al, 2013; Hanedan et al,, 2015). The fact
that clinical findings are not conclusive in cystic
echinococcosis, and the parasitologic examinations
being unable to provide specific results, makes the
disease difficult to diagnose in intermediate hosts. The
determination of blood parameters is further
important as the rate of success in the treatment
increases with early diagnosis of the disease (Kam,
2016).

The objective of this study, was to investigate the
changes in certain serum biochemical parameters in
sheep diagnosed with Cystic echinococcosis.
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MATERIALS and METHODS
Study Area

Siirt province lays in the semi-arid climate region. The
average highest and lowest temperatures range from
36.9 °C and 18.9 °C in summer and there are water
shortages during the summer (Meteorology, 2018).

Ethical Approval

All applicable international, national, and/or
institutional guidelines for the care and use of animals
were followed.

Animal Material

Total of 40 sheep at the age of 1 to 3 years brought in
for a slaughter from various establishments in the
province of Siirt. The general health status of the sheep
were examined physically and blood samples were
collected. The organs of the animals were checked for
cyst hydatid after the slaughter. 20 sheep which were
found to be healthy in physical examinations and had
no pathological lesions in their internal organs were
determined as the control group, while the remaining
20 sheep with cystic lesions in their lungs and livers
which were protoscolex-positive formed the test group.
The blood samples collected into anticoagulant-free
test tubes were kept in room temperature for 30
minutes and then centrifuged in 3000 rpm for 10
minutes. The analyses of Sodium (Na), Potassium (K),
Chloride (CI), Calcium (Ca), Magnesium (Mg),
Gamma-Glutamyl Transferase (GGT) Alanine
Aminotransferase (ALT), Aspartate Aminotransferase
(AST), Total bilirubin (TBIL), Total protein (Tp),
Albumin (Alb), Globulin (GLOB), Triglyceride (TRIG),
Cholesterol (CHOL) were performed using an ADVIA
1800 brand autoanalyzer device.

Statistical Analysis

SPSS 16.0 Windows program (SPSS Inc., Chicago, IL)
was used for statistical analysis of the data.
Independent t-test was used when differences between
groups were determined and the results were given as
mean + SEM (Standard Error of Mean). P<0.05 was
considered statistically significant.

RESULTS and DISCUSSION

The analysis results for certain biochemical
parameters of the healthy animals in the control group
and the animals in the test group diagnosed with
Cystic echinococcosis were given in Table 1. No
statistical difference was observed between the K, Cl,
Ca, Mg, GGT, ALT, ALB, TRIG, and CHOL levels
between the groups (p>0.05), while the difference
between the groups in terms of Na (p<0.01), TBIL
(p<0.05), TP and GLOB (p<0.001) levels and AST
(p<0.001) activity was found to be statistically
significant (Table 1).
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Table 1. The levels of certain biochemical parameters
in infected and control group sheep

Parameters Group Mean+ SEM P Values
. + 0.
Nammoll) | 0 |
Kmmol) | e
Cl (mmol/L) Eﬁfﬁfﬁﬁf 18?8218:33 NS
o tmand) e ot0 |
Mg ) o]
GGT (U\L) gﬁfﬁg{i ggiiiéé NS
arronp  poeded (BBA LT N
. + 4.
TBIL (mg\dL) Icllfrel:ﬁf 8:133:81 ’
L TS
|
TRIG (ma\dL) oo N
CHOL Infected |59.50+2.38 NS
(mg\dL) Control 57.70 + 2.55

NS: non-significant (p>0.05), *: p<0.05, ** p<0.01, ***:
p<0.001

Cystic echinococcosis is one of the significant parasitic
zoonotic diseases that affect animals and humans alike
(Demir and Mor, 2011). Besides the economic loss
caused by the infection of the animals, the infection
also represents a significant public health problem.

The disease is quite common in humans and animals
in Turkey. Eastern, Southeastern, and Central
Anatolia regions are the regions where the disease is
most commonly encountered (Gicik et al, 2004;
Karaman et al, 2005).

It has been reported that host biochemistry shows
some alterations from normal physiology in animals
with parasitic infections (Mert et al, 2003; Ayaz et al,
2006; Sahin and Akgul, 2006). Minerals have
important roles in sustaining the normal physiological
functions and protection of the organism against the
disease. In studies conducted on parasite infested
animals (Tanyuksel et al, 1995; Deger et al, 1997),
changes in total serum protein levels, and the levels of
certain vitamins, enzymes, and minerals were
reported, while the parasitic diseases were reported to
make infected animals susceptible to vitamin and
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mineral deficiencies.

A study conducted by Ayaz et al., (2006) found that
there were some increases in some biochemical
parameters including total protein, globulin, amylase,
chlor, and vitamin B12 levels, and some decreases in
albumin, magnesium, and phosphorus levels of sheep
diagnosed with cyst hydatid (Ayaz et al., 2006).

In the physiopathology of the liver, AST, ALT, ALP,
GGT, CPK, bilirubin and albumin, globulin protein
tests are important parameters (Comba et al., 2017).
Increased AST activity in the serum is a sensitive
marker of liver damage (Meyer and Harvey, 1998).
ALT activity in pigs, horses, goats, sheep and cattle is
not specific for the liver for having a diagnostic
significance (Kramer and Hoffman, 1997). Tennant
(1997) reported that the activity of ALT in liver is low
and that serum ALT is not remarkably elevated during
infection with F. hepatica. The high activity of GGT is
found in the liver, kidneys, pancreas, intestine and the
spleen. Maden et al (2003) reported that GGT is an
important marker in lambs.

In a study conducted by Cinar et al. (2018) indicated
that there were greater AST (p<0.001), ALP (p<0.05),
and total bilirubin (p<0.001) levels of sheep infected
with the cyst compared to the control group. On the
other hand, total protein (p<0.001) and Mg (p<0.05)
levels were found to be lower. In a study conducted by
Sagkan-Ozturk et al (2015) reported that the total
protein and albumin levels of animals with cyst
hydatids in lungs and livers were found to be
significantly higher compared to the healthy animals.
Heidarpour et al (2012) have determined that the
AST, GGT, and bilirubin levels of the camels infected
with Cystic echinococcosis were higher compared to the
control group.

In this study, the increases detected in the AST
activities and total bilirubin levels of the sheep with
Cystic echinococcosis (Heidarpour et al, 2012; Cinar et
al, 2018), and the increase in the total protein (Ayaz
et al, 2006; Sagkan-Ozturk et al, 2015) and globulin
levels (Ayaz et al., 2006) are consistent with the results
of the aforementioned studies. Yuksek et al (2007)
report that the ALP and AST activities of sheep
infected with endoparasites are higher compared to
healthy animals and that the increase is caused by the
necrosis or cholestasis of the hepatic cells. It is believed
that the increase in AST activity and bilirubin levels
might be due to necrosis and/or cholestasis of the
hepatocytes, while the increase in total protein and
globulin levels might be attributed to the deterioration
of the protein metabolism.

CONCLUSION

The results of the study indicate that the
determination of the changes in AST, total protein,
globulin and total bilirubin levels of the animals
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infected with cystic echinococcosis could be used as
assistive laboratory analyzes to determine the
physiopathological changes in their livers and the
prognosis of the diseased animals.

REFERENCES

Ayaz E, Ertekin A, Ozdal N, Tas Z 2006. Some
Biochemical Parameters in Sheep Infected with
Endoparasites  (Fasciola spp.,  Dicrocoelium
dendriticum, Hydatid cysts, Trichostrongylidae and
Protostrongylidae). Turkiye Parazitol Derg, 30 (4):
57-61.

Cinar M, Aydenizoz M, Gokpinar S, Camkerten G
2018. Evaluation of biochemical parameters and
oxidative stress in sheep naturally infected with
Dicrocoelium dendriticum and hydatid cysts.
Turkish dJournal of Veterinary and Animal
Sciences, 42 (5): 423-428.

Deger Y, Gul A, Bildik A, Dede S, Yur F, Deger S 1997.
Parazitli kopeklerin bazi kan parametreleri ile
plazma  vitamin C  diizeylerinde  goriilen
degisiklikler. Turkiye Parazitol Derg, 21: 195-198.

Demir P, Mor N 2011. Seasonal Distribution and
Economic Importance of Cystic Echinococcosis in
Cattle Slaughtered at Kars Municipal Abattoir,
Turkey. Turkiye Parazitol Derg, 35: 185-188.

Ersayit D, Kilic E, Yazar S, Art1 T 2009. Oxidative
Stres in Patients with Cystic Echinococcosis:
Relationship between Oxidant and Antioxidant
Parameters. Erciyes University J Health Sci, 18:
159-166.

Gicik Y, Arslan MO, Kara M, Kose M 2004. The
Prevalence of Cystic Echinococcosis in Cattle and
Sheep Slaughtered in the Kars Province. Turkiye
Parazitol Derg, 28 (3): 136-139.

Gokcen A, Sahin T, Camkerten I 2006. A primary case
of Cardiac cyst hydatid in a calf, in Turkey.
Yizincii Yil Universitesi Veteriner Fakiiltesi
Dergisi, 17 (1): 33-35.

Hakverdi S, Culha G, Canda MS, Yaldiz M, Altintas S
2008. Problem Of Cystic Echinococcoss in Hatay.
Turkiye Parazitol Derg, 32: 340-342.

Hanedan B, Kirbas A, Kandemir FM, Ozkaraca M
2015. Arginase activity and total
oxidant/antioxidant capacity in cows with lung
cystic echinococcosis. Med Weter, 71 (3): 167-170.

Heidarpour M, Mohri M, Borji H, Moghdass E 2012.
Oxidative stress and trace elements in camel
(Camelus dromedarius) with liver cystic
echinococcosis. Veterinary parasitology, 187 (3-4):
459-463.

Heidarpour M, Mohri M, Borji H, Moghdass E 2013.
Oxidant/antioxidant status in cattle with liver
cystic echinococcosis. Vet Parasitol, 195:(1-2) 131-
135.

Irak K, Celik BA, Karakoc Z, Celik OY, Mert H, Mert
N, Kaya MO (2018). Oxidant/Antioxidant Status,
PON1 and ARES Activities, Trace Element Levels,

951

and Histological Alterations in Sheep with Cystic
Echinococcosis. Iranian Journal of Parasitology,
13(3): 448-456.

Kam K 2016. Investigation of mineral content of the
serum and cyst fluid in sheep with hydatid cysts.
(Master thesis), Yuzuncu Yil University, Institute
of Health Sciences Department of Biochemistry,
Van, Turkey.

Karagul H, Altintas A, Fidanci UR, Sel T 2000. Klinik
Biyokimya. 1st ed. Ankara, Turkey: Medisan
Yayinevi.

Karaman U, Miman O, Kara M, Gicik Y, Aycan OM,
Atambay M 2005. Hydatid Cyst Prevalence in the
Region of Kars. Tiirkiye Parazitol Derg, 29 (4): 238-
240.

Kilic E, Yazar S, Bakol G, Art1 T 2010. Antioxidant and
nitric oxide status in patients diagnosed with
Echinococcus granulosus. Afr J Microbiol Res, 4
(22): 2439-2443,

Koltas IS, Yucebilgic G, Bilgin R, Parsak CK, Sakman
G 2006. Serum malondialdehyde level in patients
with cystic echinococcosis. Saudi Med J, 27 (11):
1703-1705.

Maden M, Altunok V, Birdane FM, Aslan V,
Nizamlioglu M 2003. Blood and colostrum/milk
serum y-glutamyltransferase activity as a predictor
of passive transfer status in lambs. Journal of
Veterinary Medicine Series B, 50(3): 128-131.

Mert N, Kozat S, Ekin S, Gunduz H, Denizhan V 2003.
Dogal kronik Fasciolasisli koyunlarda serum sialik
asit ve serum lipid-baglh sialik asit diizeyleri. 13.
Ulusal Parazitoloji Kongresi, 8-12 Eylul 2003,
Konya, Turkey.

Meteorology 2018. Turkish State Meteorological
Service. Thornthwaite climate classification. (1938-
2017). Retrieved from https://goo.gl/ud7dBK.
(Access Date:10.10.2018).

Sagkan-Ozturk A, Durgut R, Ozturk O  2015.
Oxidant/antioxidant status in lambs and sheep
with liver and lung cystic echinococcosis diagnosed
by ultrasonography and necropsy. Veterinary
parasitology, 208 (3-4): 280-285.

Sahin T, Akgul Y 2006. Investigation of Some Trace
Element Levels and Biochemical Parameters in
Sheep with Endoparasite. YYU Saghk Bilimleri
Dergisi, 9 (1): 100-106.

Tanritanir P, Ozdal N, Ragbetli C, Yoriik I, Ceylan E,
Deger S 2009. Some biochemical parameters and
vitamins levels in the hair goats naturally mix-
infested with endo-ectoparasites (lice (linognathus
africanus) and Trichostrogylidae sp.). J Anim Vet
Adv, 9: 1707-1711.

Tanyuksel M, Sayal A, Aydin A 1995. Paraziter
hastaliklarda eser element diizeyleri. Tirkiye
Parazitol Derg, 19: 315-321.

Tennant BC, Center SA 2008. Chapter 13: hepatic
function. In Clin-ical Biochemistry of Domestic
Animals. sixth ed. In: Kaneko, J.J.,Harvey, J.W.,



KSU Tarim ve Doga Derg 22(6): 948-952, 2019

Arastirma Makalesi/Research Article

Bruss, M.L. (Eds.), Academic Press, New York,
USA, pp. 379-412.

Uslu U, Akalin PP, Sahin EY, Altunok V 2011. Some
biochemical parameters in yearling sheep naturally
infected with Coenurus Cerebralis. Fresenius
Environmental Bulletin, 20(2): 411-414.

Vengust G, Klinkon M, Bidovee A, Vengust A 2003.
Fasciola hepatica: effect on blood constituents and
liver minerals in fallow deer (Dama dama). Vet
Parasitol, 112: 51-61

Yarim GF, Umur S, Acici M, Beyhan YE 2010. Serum
sialic acid levels 1in cattles with cystic
echinococcosis. Ankara Univ Vet Fak Derg, 57: 61-
63.

Yildiz K, Gurcan S 2003. Prevalence of hydatidosis
and fertility of hydatid cysts in sheep in Kirikkale,
Turkey. Acta Veterinaria Hungarica, 51 (2): 181-
187.

Yuksek N, Altug N, Gul A 2007. Therapeutic effect of
the combination of trichlobendazole and levamisole

952

in sheep with endoparasite infection. YYU Vet Fak
Derg, 18: 19-24.

Comba B, Mert H, Comba A, Mis L, Mert N 2017. The
Some Hematological and Biochemical Parameters
In Karakul and Norduz Sheep.Van Vet J, 28 (3):
137-140.

Meyer DdJ, Harvey JW 1998. Veterinary Laboratory
Medicine. Interpretation and Diagnosis. 2nd ed., W.
B. Saunders Company. Philadelphia, London,
Toronto, Montreal, Sydney, Tokyo. pp. 157-187.

Kramer Jw, Hoffman We 1997. Clinical Enzymology.
In: Clinical Biochemistry of Domestic Animals.
(Kaneko, J. J., J. W. Harvey, M. L. Bruss, Eds.).
Academic Press. San Diego,London, Boston, New
York, Sydney, Tokyo, Toronto. pp. 303-325.

Tennant BC 1997. Hepatic Function. In: Clinical
Biochemistry of Domestic Animals. (Kaneko, J. J.,
J. W. Harvey, M. L. Bruss, Eds.) 5th ed., Academic
Press. San Diego, London,Boston, New York,
Sydney, Tokyo, Toronto. pp. 327-352.



KSU J. Agric Nat 22(6): 953-964, 2019
DOI:10.18016/ksutarimdoga.vi.544561

\7 A
KSU Tarim ve Doga Derg 22(6): 953-964, 2019 . 6‘? 2

Tathsu Istakozunun (Pontastacus leptodactylus) Celtik (Oryza sativa L.) Tle Birlikte Polikiiltiir
Yetigtiriciliginde Ideal Stok Oranlarinin Belirlenmesi Uzerine Bir Aragtirma

Selcuk BERBERY = Semih KALE2/ , Musa BULUT3 %/, Bahri IZCI4

1Canakkale Onsekiz Mart Universitesi, Deniz Bilimleri ve Teknolojisi Fakiiltesi, Su Uriinleri Temel Bilimler Béliimii, Canakkale, 2Canakkale
Onsekiz Mart Universitesi, Deniz Bilimleri ve Teknolojisi Fakiiltesi, Su Uriinleri Avlama ve Isleme Teknolojisi Boliimii, Canakkale,
3Canakkale Onsekiz Mart Universitesi, Deniz Bilimleri ve Teknolojisi Fakiiltesi, Su Uriinleri Yetistiricilik Béliimii, Canakkale, ‘Canakkale
Onsekiz Mart Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii, Canakkale, Tiirkiye

Thttps://orcid.org/0000-0003-1123-7217, 2 https://orcid.org/0000-0001-5705-6935, 3https://orcid.org/0000-0002-4997-8208,
4https://orcid.org/0000-0002-5788-1537

4: semihkale@comu.edu.tr

OZET Aragtirma Makalesi
Bu c¢alisma ile kontrolli ortamda c¢eltik—kerevit polikiltir ) )
yetigtiriciliginde ideal stok oranlarinin belirlenmesi amaclanmistir. Makale Tarihgesi

Bu kapsamda, celtik tarimi yapilan alanlarin tarla balik¢ilig: Gelis Tarihi  :26.03.2019
acisindan  degerlendirilmesi  i¢in  yumurtalhi disi  tatlisu Kabul Tarihi :16.05.2019
1stakozlarindan laboratuvar ortaminda temin edilen yavru bireyler
kontrollii ortamda celtik ekili alanlara farkli stok oranlarinda (25
birey m2, 50 birey m2 ve 100 birey m2) yerlestirilmistir. Arastirma

Anahtar Kelimeler
Tatlisu 1stakozu

sonunda tatlisu 1stakozu yavrulari icin hayatta kalma (%72) ile boy ve gelltlikl L
agirlik yoniinden en iy1 biiyytimenin 25 birey m2 stok yogunlugu olan B(')' KU tur uretim
lUytlime

ortamda gerceklestigi tespit edilmistir (p<0.05). Ulkemizde kerevit
yavru besleme calismalari ile karsilastirildiginda bulgularin énemli
derecede farkli oldugu gorilmustir. Arastirma sonuclari kerevit
yetigtiriciligi i¢in alternatif bir yontem olan c¢eltik—kerevit
yetigtiriciliginde en iyi verimin, stok yogunlugunun 25 birey m2
olacak gekilde uygulanmasi ile alinabilecegini gdstermigtir.
Calismanmin  celtik—kerevit  yetistiriciligi  acisindan  ilerideki
calismalara 1g1k tutacagi disinilmektedir.

Ideal stok oram

A Study on Determining the Ideal Stock Density of Freshwater Crayfish (Pontastacus leptodactylus) in
Polyculture with Rice (Oryza sativa L.)

ABSTRACT Research Article

This paper aims to determine optimum stock density for rice—crayfish

rearing in controlled environment. Juvenile freshwater crayfish Article History
(Pontastacus leptodactylus) obtained in the laboratory condition from Received ©26.03.2019
female freshwater crayfish were stocked into rice—planted artificial Accepted ©16.05.2019

pond at different stock densities (25 individuals m2, 50 individuals m"

2 and 100 individuals m2) for the assessment of paddy field areas in Keywords :
terms of field fisheries in Turkey. Results showed that the best Freshwater crayfish
survival rate (72%) and growth for juvenile freshwater crayfish in Rice ,
point of length and weight has been observed at the stock density of g?r{)}ifr}cl}iture production

25 individuals m2. In addition, statistically significant difference has
been found between this stock density and the other stock densities
(p<0.05). The maximum survival rate was observed as 72% at the
stock density of 25 individuals m2. The results of this study are
significantly different when compared with other feeding researches
on juvenile freshwater crayfish in Turkey. The stock density of 25
individuals m2 should be applied to gain maximum yield in rice—
crayfish rearing experiments suggested as an alternative method for
crayfish rearing. This paper, the first study on the investigation of
different stock density for rice—crayfish rearing, will shed light on the
further researches.

Optimum stock rate

To Cite : Berber S, Kale S, Bulut M, Izci B 2019. Tathsu Istakozunun (Pontastacug leptodactylus) Celtik (01")'{23 sativa L.) 1le
Birlikte Polikiltiir Yetistiriciliginde Ideal Stok Oranlarinin Belirlenmesi Uzerine Bir Arastirma. KSU Tarim ve Doga
Derg 22(6): 953-964. DOI: 10.18016/ksutarimdoga.vi.544561.
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GIRIS

Ekonomik olarak o6nemli tiirleri igeren, dekapod
krustaselerin  igsularda yasayan en  buyuk
formlarindan olan tatlisu istakozlari, diger adiyla
kerevit, dinyada 737 tir ve alttir ile temsil
edilmektedir (Crandall ve Buhay, 2008; Crandal ve De
Grave, 2017). Tirkiye’de bulunan tiiriin farkh
alttirleri oldugu bildirilmigse de mevcut tiiriin genetik
olarak Pontastacus Ileptodactylus oldugu rapor
edilmistir (Akhan ve ark., 2014). Diinyada kerevit
uretimi avcilik ve yetistiricilik yoluyla yapilmaktadir.
Tur sayisinin fazla olmasina ragmen genellikle avcilik
ve yetigtiricilik faaliyetleri ekonomik ac¢idan énemli
olan sadece 3 familyanin (Cambaridae, Parastacidae,
Astacidae) tiirleri {izerine yogunlasmaktadir. Avcilik
yoluyla tatlisu istakozu tretimi miktar1 2015 yih
itibariyle Cin hari¢ 15426 ton olarak belirlenmis olup
Ermenistan 7380 tonluk tretimiyle ilk sirada yer
almaktadir. Tir bazinda tretim miktarlar1 dikkate
alindiginda avcilik yoluyla en fazla tretilen tathisu
1stakozu Pontastacus leptodactylus tiuridir (FAO,
2017). Yetistiricilik yoluyla ise diinyada 787373 ton
tathsu 1stakozu Uretimi gergeklestirilmigtir. Cin
723200 tonluk tatlisu istakozu uretimi ile ilk sirayi
almaktadir. Yetistiricilik yoluyla tretilen tiirlerin
basinda 786905 ton ile Procambarus clarkii
gelmektedir (FAO, 2017). Tirkiye'de ise 1984 yilinda
yaklagik 8000 ton ile en parlak dénemlerini yagsayan
tatlisu 1stakozu tretimi, kerevit vebasi, agir1 aveilik ve
su kirliliginin artmasina paralel olarak tiretim miktari
oldukga azalmig ve 2016 yih itibariyle 544 tona kadar
gerilemistir (TUIK, 2017). Son 10 yil icerisinde tatlisu
1stakozu Uretim miktarlarinin sergilemis oldugu
egilimler degerlendirildiginde ise tretim miktarinin
giderek azaldig1 gérilmektedir.

Tathsu 1stakozu stoklarimin 1iyilestirilmesi ve
alternatif Uretim metotlarinin yayginlastirilmas:
gerekmektedir. Mevcutta uygulanan tretim metodu
ise sadece avciliga dayanmakta olup stoklarin
iyilestirilmeden sturekli av baskisi ile sémiiriilmesi
seklinde gergeklestirilmektedir. Diinyada avcilik
disinda tathsu istakozlarinin yetistiricilik yéntemleri
kullanilarak da tiretimi yapilmaktadir. Bu yéntemler
turlere bagh olarak degismekle birlikte; monokiiltiir,
donusiimli, ekstansif ve entansif olarak siralanabilir.
Bu tiretim yollarinda dogal veya yapay rezervuarlara
yavru Dbirey stoklanmasi veya dogal stoklarin
zenginlestirilmesi amaglanmigtir (Diler, 2013). Tatlisu
1stakozu liretim yontemlerinden biri de ¢eltik kerevit
doniigtimlii yetistiricilik sistemleridir. Ulkemizde yerli
tirimiz olan P. leptodactylusun cgeltik uretimi
yapilan alanlarda stoklanmasi glinlimiiz itibariyle s6z
konusu degildir. Ancak bu tirin su zemininden
topragin derinliklerine dogru yuva yapma 6zelliginin
bulunmamasi nedeniyle celtik ile polikultir agisindan
énemli avantaji bulunmaktadir (Berber ve Kale, 2018).
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Tatlisu 1stakozlarinin ¢eltik tarlalarinda gelisim ve
iiretimleri ile ilgili ilk bilimsel bulgular Thomas (1965)
tarafindan  sunulmustur. Sonrasinda  yapilan
calismalar yardimiyla c¢eltik tarlalarinda tatlisu
1stakozlarinin yetistiriciligi ile ilgili temel yonetim
stratejileri belirlenmig ve glinimuzdeki
uygulamalarin da temeli olusturulmustur (Thomas,
1965; Viosca, 1966; LaCaze, 1981). Tatlisu 1stakozlar
ile c¢eltik bitkisinin dontsimli olarak tretiminin
yapilmasinin temelinde bu canlinin beslenme
ozellikleri yer almaktadir. Tathsu 1stakozlari
beslenme bi¢cimi a¢isindan herbivor, detrivor, omnivor
ve bazen de zorunlu karnivor olarak
tamimlanmaktadir (Momot, 1995). Yasayan ve
cUrimis bitkiler, tahillar, algler, kicuk
omurgasizlardan kigik balik tiirleri gibi omurgalilara
kadar genig bir grup ile beslenmektedir. Celtik—
kerevit Uretiminde ise ¢eltik hasadindan sonra geride
kalan bitki materyali kerevitlerin beslenmesine
katkida bulunmaktadair.

Celtik ekimi ve kullanilan alanlar acisindan Turkiye
Istatistik Kurumu (TUIK, 2017) kayitlarina gore
Turkiye genelinde son 10 yilda 1 milyon dekarin
uzerinde alan celtik ekimi i¢in kullamilmaktadir. 2016
yili itibariyle 1160563 dekar alan celtik ekimi igin
kullanilmis ve karsiliginda 920000 ton celtik elde
edilmigtir (TUIK, 2017). Celtik tarim:i agirhikl olarak
Trakya bdélgesinde yapilmakla birlikte Canakkale’de
de tarim arazisi kullanimi 2007 yilinda 38488 dekar
iken 2016 yih itibariyle 107464 dekara ytlkselmistir
(TUIK, 2017). Diinyada celtik—kerevit rotasyonu ile 1—
2 ton hal kerevit uretimi yapilabildigi g6z oniine
alindiginda hem iilke genelinde hem de Canakkale
dizeyinde olduk¢a biyik bir potansiyel oldugu
dustntulmektedir.

Berber ve Kale (2018) tarafindan celtik tarlasinda
kerevit yetistiriciliginin ekonomik olarak
uygulanabilir olup olmadiginin arastirildigi calismada
kerevitlerin celtik tarlalarinda buyutiilmesi yeni ve
uygulanabilir  bir  alternatif yontem  olarak
onerilmigtir. Bu dogrultuda mevcut ¢alisma ile
kontrolli ortamda c¢eltik—kerevit yetigtiriciliginde
ideal stok oranlarinin belirlenmesi amaglanmistir.

MATERYAL ve METOT
Aragtirma Materyali ve Caligma Alani

Aragtirmada Tekirdag ilinde bulunan Hanoglu
Goéletinden (Sekil 1) temin edilen tatlisu 1stakozu (P,
leptodactylus) anaclari ve bu anaclardan elde edilen
yavru Dbireyler kullanmilmigtir. Tathisu 1stakozu
bireylerinin yakalanmasi i¢in tek girigli iki venterli
pinter ag1 kullanmilmigtir. Kullanilan pinter aglar1 5
kasnakli olup, i1ki pinter arasinda germe ag
yerlestirilmigtir ve ag goézu geniglikleri 34 mm’dir.
Nisan 2017’de avlanan 100 adet yumurtali tathsu
1stakozu anaci bu golette onceden hazirlanmis olan
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yasatma havuzlarinda Dbir siire bekletilmigtir.
Ardindan tabanina islak sungerler ve buz keseleri
yerlestirilmis 10 litrelik strafor kutular igerisinde
laboratuvar  ortamina tagsinarak canli  nakil
operasyonu sorunsuz bir sekilde tamamlanmigtir.
Canakkale Onsekiz Mart Universitesi, Deniz Bilimleri
ve Teknolojisi Fakiiltesi, Dardanos Deniz Canlilar
Arastirma ve Uygulama Merkezine nakledilen
bireyler her birisi 140 litre hacme sahip polyester
tanklarin icerisine su yiiksekligi 40 cm olacak sekilde

yerlestirilmistir. Ayrica kerevitlerde hem stres
olusumunun azaltilmasi hem de kanibalizmin
onlenmesi amaciyla tanklarin icerisine PVC

malzemeden tretilmig borular yerlestirilerek barinma
alanlar1 saglanmagtir.

ZT'\J_‘O"E 28'0.0"E

Marmara Denizi

e
e

pr 28°00°E
Sekil 1. Anag tathisu 1stakozlarinin avlandigi Hanoglu
Goleti (Tekirdag) ve calismanin

gerceklestirildigi havuzlar (Canakkale)

Havuzlarin Hazirlanmasi

Celtik ekiminin yapilmasi i¢in hazirlanan 2 X 2 X 1.5
m boyutlarindaki havuzlara (Sekil 1) topragin su
gecirgenliginin belirlenmesi amaciyla su depolamasi
yapilmistir. Ancak toprak o6zelliklerinin su tutma
kabiliyetinin ¢ok az olmasi ve bolgede toprak kaymasi
olmasindan dolay1 havuzlarin tamami beton havuzlara
déntsturalmis olup igerisine 40 cm yiiksekliginde
toprak yerlestirilmigtir. Havuzlardaki su
sirkiilasyonun strekli saglanmasi amaciyla da
otomatik zamanlayici mekanizmalar1 kurulmustur.
Suyun akiginda kesintiler olugsmasinin énlenmesi i¢in
alternatif motorlar temin edilmis ve kullanima hazir
hale getirilmistir. Celtik tohumlarinin ekime hazr
hale getirilmesi amaciyla tohumlar nemli bez torba
igerisine konularak 3 glin siliresince ¢imlenmeye
birakilmigtir.  Cimlenmenin  ardindan 5 cm
yiksekliginde su bulunan havuzlara Mayis 2017'de
celtik ekimi yapilmigtir.

40°0'0"N

955

Yavru Tatlisu Istakozu Bireylerinin Havuzlara
Yerlestirilmesi ve Hasad1

Haziran 2017°de yumurtalardan yavru cikiglar
baslayip yumurtalarin tamaminin acildigi
gozlendikten sonra kanibalizmin 6nlenmesi amaciyla
anaglar ile yavru Dbireyler farkli tanklara
yerlestirilmigtir.  Celtik  bitkisinin su disinda
filizlerinin goérilmesinin ardindan yavru bireyler
hazirlanan havuzlara 25, 50, 100 birey m2 olacak
sekilde 3 tekerrurli olarak stoklanmigtir. Celtik
bitkisinin hasadindan o6nce Eylil 2017 itibariyle
tatlisu 1stakozlar: havuzlardan toplanmigtir (Sekil 2).

Sekil 2. Arastirmanin baglangi¢ ve sonundaki tathisu
1stakozu yavrulari

Tathsu Istakozlarinin
Hesaplanmasi

Tatlisu 1stakozu ana¢ ve yavru bireylerinin boy
O6lcimleri 0.01 mm hassasiyetli dijital kumpas ile
yapilmistir. Boy 6l¢iimlerinde rostrum ucundan telson
sonuna kadar olan total boy esas alinmigtir. Tatlisu
1stakozu bireylerinin agirhiklarinin o6l¢imiinde ise
anaglarinin agirhik élgimleri 0.01 g hassasiyetli tarti
ile yapilirken yavru bireylerin agirliklar: ise 0.0001 g
hassasiyetli tarti ile 6lgilmustiir.

Boy ve Agrrliklarinin

Boy—Agirhik ligkisinin Belirlenmesi

Krustaselerin  viicut uzunlugu ile agirhiklar
arasindaki iligkinin  belirlenmesinde genellikle
regresyon analizi kullanilmaktadir (Ricker, 1973).
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Baliklarda oldugu gibi tathisu 1stakozlarinda da boy ile
agirhik arasinda W = a x L? geklinde dogrusal olmayan
bir iligki vardir. Bu esitlikte her iki tarafin logaritmas:
alinirsa boy—agirhik iligkisi logW = log(a) + b log(L)
seklinde dogrusal hale getirilmis olur (Ricker, 1973;
Erkoyuncu, 1995). Bu esitlikte;

L: Total boyu (TB),

W: Total agirligy (TA)

a ve b Denklemin sabit parametrelerini
etmektedir.

ifade

Tatlhisu 1stakozu bireylerinin boy—agirlik iligkisi Total
Boy (TB)-Total Agirhk (TA) iliskisi yoniinden
incelenmigtir. Buna goére regresyon denklemleri,
egrileri ve korelasyon katsayilar1 hesaplanmigtir.
Hesaplanan b degerinin 6nem kontroli yapilirken énce
test istatistigi degeri hesaplanmigstir. Bu deger;

_ Se -3 — e . :
t—Sy m\/n 2 formulu ile belirlenmektedir. Bu
denklemde;

Sk log(Z) degerlerinin standart sapmasi,

Sy: log(W) degerlerinin standart sapmasi,

n: hesaplamada kullanilan birey sayisi,

r% log(L) ve log(W) degerlerinin determinasyon
katsayisini ifade etmektedir.

Pleopodal yumurta sayilar1 anaclarin tzerinden
dogrudan sayilarak belirlenmigtir. Yumurta sayisi ile
diger vicut 6zelliklerinin arasindaki iligski denklemleri
ve korelasyon katsayillar1 (2), Ricker (1973)in
fonksiyonel regresyon modeli ile hesaplanmistir.

Suyun Fizikokimyasal Ozelliklerinin Belirlenmesi

Tathsu 1stakozu yavrularmnin yerlestirildigi celtik
bulunan havuzlarin su sicakligi (°C), sudaki ¢6ziinmiis
oksijen miktar1 (mg 1) ile asitlik ve bazlik dereceleri
(pH) saha calismalar1 sirasinda yerinde é&lciimler
yapilarak kaydedilmistir. Su sicakligi (°C) ve sudaki
¢ozunmis oksijen miktar1 YSI Pro 2030 ve suyun pH
degeri WTW 3110 marka prob ile 6l¢ilmiustiir.

Tathsu Istakozlarinda
Oranlarimin Belirlenmesi

Bliyime ve Yasama
Tathsu 1stakozlarinda biiyiime tiim vicudun ya da
baz1 organlarin boy, agirlik, hacim gibi fiziksel
boyutlarinin zaman icerisinde degismesidir. Fizyolojik
biyime devam ederken kabuk degisimi ile boy ve
agirhkta artis meydana gelmektedir. Dis iskeletin
degisiminden sonra kerevit boyutu artmaktadir. Bu
nedenle dig oOlgiilerde biiyime zamanla artan bir
egriyle sonuclanmaktadir. Yavru bireylerin ilk
aylarinda c¢ok sayida kabuk degisimi meydana
gelmektedir. Tatlisu 1stakozlar1 eseysel biiyiklige
yaklastikca kabuk degisimi sayisi da azalmaktadir.
Genellikle juveniller ilk yilda 6-7 kez kabuk
degistirmelerine ragmen kabuk degisimi ve sayisi
bireyden bireye degisiklik géstermektedir. Bu ytuzden
de yas1 gosteren guvenilir bir rehber olarak
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kullanilmas: dogru sonuclar veremeyebilir (Kumlu,
2001; Holdich, 2002). Tatlisu 1stakozlarinda biiyiime,
boylarinin 6l¢iilmesi veya agirliklarinin tartilmasi ile
belirlenebilmektedir. Biiyuimeyi belirlemek igin
oldukca fazla yontem kullamlmaktadir (Lall ve
Bishop, 1976; Zanuy ve Carillo, 1985; Hidalgo ve ark.,
1987; Pickering ve ark., 1987; Storebakken ve
Austreng, 1987; Bernabe, 1993; Ballestrazzi ve ark.,
1994; Holdich, 2002). Bu calismada biiyiimenin
belirlenmesinde spesifik  biiytime oram1 (SGR)
kullanilmigtir. Biyiime oranlarinin karsilastirilmasi
amaciyla kerevitlerin agirlik ortalamalar:
kullanilmigtir. Deneme sonunda tiim gruplarin SGR
degeri asagidaki formul yardimi ile hesaplanmigtir
(Holdich, 2002).

SGR = (In(W,) - In(W))) < 100
W= Son ortalama kerevit agirhig (g)

W= Baslangic ortalama kerevit agirhig: (g)
7= Deneme giin sayisi

Deneme sonunda gruplardaki yasama
tespitinde agsagidaki formil kullanilmigtir.

oraninin

Deneme sonundaki kerevit sayist 100

Y 0 %) =
asama Orant (%) Deneme baslangicindaki kerevit sayist

Istatistiksel Analizler

Farkh stok yogunluklar: arasinda total boy ve agirlik
acisindan anlaml bir farklilik bulunup
bulunmadiginin test edilmesi amaciyla parametrik
testlerden tek yoénli varyans analizi (ANOVA)
kullanilmigtir. Varyans analizi sonucunda hem total
boy hem de agirlik i¢in istatistiksel olarak anlaml
farklihlk  hesaplanmistir  (p<0.05). Farkhiligin
kaynagini tespit etmek amaciyla Post Hoc testlerinden
Tukey testi ile Scheffe testi kullanilmigtir.

BULGULAR
Suyun Fizikokimyasal Ozellikleri
Tathisu 1stakozu yavru  bireyleri  havuzlara

yerlestirilmeden 6nce ve havuzlardan toplanmadan
once suyun sicaklik, ¢6ztinmis oksijen, tuzluluk ve pH
gibi fizikokimyasal parametreleri oOlgiilmustir. Bu
olgimler her bir havuzun ¢ farkli noktasindan
yapilmigtir. Olgiilen degerler Cizelge 1’de verilmigtir.
Olgiim yapilan noktalarin dlcilen parametreler
agisindan birbirlerinden istatistiksel olarak 6nemli
olciide farkli olmadiklar: tespit edilmistir (p >0.05).

Cizelge 1. Arastirma baslangicinda ve sonunda 6l¢iilen
su parametreleri

Baslangic Bitig
Parametreler Oloimii Oleiimii
Sicaklik (°C) 22.6 20.5
Coziinmiis Oksijen (mg 1)  2.10 3.30
pH 8.2 8.1
Tuzluluk (ppt) 1 1
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Tatlisu Istakozlarinda Biiyiime ve Yagama Oranlari

Yavru temini igin kullamilan anag¢ tatlisu
1stakozlarinin total boylar1 ortalama 109.89+1.825
mm, total agirhiklar1 ise 31.54+1.481 g olarak
hesaplanmigtir. Anaglarin total boylar1 77.26-147.44
mm arasinda, total agirhklari ise 11.11-77.2 g
arasinda  degisiklik  gostermigtir. Disi  tathisu
1stakozlarinin kulugkaladiklar1 pleopodal yumurta
sayillar1 6-369 adet arasinda degisiklik gosterirken,
ortalama yumurta sayilar1 ise 201 olarak
hesaplanmigtir (Cizelge 2).

Yumurta ¢ikisindan itibaren yaklasik 10 giin sonra

yavru tatlisu istakozlarinin boy ve agirlik élgimleri
yapilarak celtik ekilen havuzlara 25 birey m2, 50 birey
m?2, 100 birey m?2 olacak sekilde farkli stok
yogunluklarinda yerlestirilmistir. Baslangigta ve
denemenin sonunda tatlisu istakozu yavrularinin
olgiilen ortalama total boy ve agirliklar1 Cizelge 3'de
sunulmustur. Havuzlardaki yavru tatlisu
1stakozlarinin yagsama oranlar:1 25, 50, 100 birey m
stoklamalar i¢in siwrasiyla %72, %56, %43 olarak
hesaplanmigtir. Hem en yiiksek spesifik biiylime orani
hem de en yuksek yasama orani 25 birey m2 stok
yogunlugunun oldugu havuzlarda gergeklesmigtir.

Cizelge 2. Yumurtal disi tatlisu 1stakozu bireylerinin hesaplanan degerleri

Total Boy (mm) Total Agirlik (g) Yumurta Sayis: (adet)
Ortalama+SE* 109.89+1.825 31.54+1.481 201.449
Min—Maks 77.26-147.44 11.11-77.2 6—369

*SE: Standart Hata

Cizelge 3. Yavru tathisu 1stakozlarinin ortalama total boy, ortalama agirlik, spesifik biiylime oranlar1 ve yasama

oranlari
Stok Yogunlugu

Parametre 25 birey m-2 50 birey m-2 100 birey m-2
Baslangic Ortalama Total Boy (mm) 14.28+0.31 14.14+0.224 15.52+0.547
Son Total Boy (mm) 43.32+2.241 34.31+2.564 32.45+1.121
Baslangic Agirlik (g) 0.09440.006 0.095+0.006 0.145+0.022
Son Agirlik (g) 2.036+0.254 1.262+0.210 0.982+0.099
SGR 3.62 3.04 2.25
Yasama Oran (%) 72 56 43

Farkli stok yogunluklar: arasinda total boy ve agirlik
acisindan anlaml bir farklilik bulunup
bulunmadiginin test edilmesi amaciyla uygulanan tek
yonlii varyans analizi (ANOVA) sonucunda hem total
boy hem de agirlik i¢cin istatistiksel olarak anlaml
farklilik oldugu tespit edilmistir (p<0.05) (Cizelge 4).
Farklihigin kaynagini tespit etmek amaciyla Post Hoc
testlerinden Tukey testi ile Scheffe testi kullanilmigtar.
Test sonuc¢larina goére hem agirhk hem de boy
bakimindan 25 birey m2 stok yogunlugu ile 50 birey m-
2 stok yogunlugu arasinda, 25 birey m2 stok yogunlugu
ile 100 birey m2 stok yogunlugu istatistiksel olarak
anlaml farkliliklar bulunmustur. Ancak, 50 birey m2
stok yogunlugu ile 100 birey m?2 stok yogunlugu
arasinda ise istatistiksel olarak onemli bir farklilik
tespit edilmemistir (Cizelge 5).

Calisma sonucunda hesaplanan yasama oranlari ise

25, 50, 100 birey m2 stok yogunluklar: i¢in sirasiyla
%72, %56, %43 olarak belirlenmistir. Dolayisiyla farkl
stok yogunluklarinda c¢alisma sonucunda hesaplanan
yasama oranlar1 ile boy ve agirlikca biylime
miktarlar1 géz 6niinde bulunduruldugunda en uygun
stok oraminin 25 birey m?2 oldugu sonucuna
ulagilmigtir.

Baglangictaki total boy ve agirliklar ile calisma
sonucundaki total boy ve agirliklarin her bir stok
miktar: i¢in ortalamalar1 Sekil 3’te gosterilmistir.

Boy—Agirhik igkisi

Tathisu 1stakozu yavrularinin ¢aligma sonunda
ulagtiklar1 boy ve agirlik arasindaki iligki lineer
regresyon analizi ile logaritmik olarak incelenmigtir.
Farkl stok yogunluklari igin ¢alisma sonundaki boy—
agirlik iligkisi Sekil 4’te verilmistir.

Cizelge 4. Total boy ve agirlik i¢in tek yonlii varyans analizi sonuglar:

Parametre Varyansin Kareler Serbestliik Kareler p

Kaynagi Toplami Derecesi Ortalamasi

Gruplar aras1  1535.283 2 767.642 7.521 0.001
Total boy Gruplar i¢i 8777.759 86 102.067

Toplam 10313.042 88

Gruplar aras1  14.127 2 7.063 8.591 0.000
Agirlik Gruplar i¢i 70.709 86 0.822

Toplam 84.836 88
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Cizelge 5. Farkl stok yogunluklarinin agirlik i¢in ¢oklu karsilagtirmalar: ile Tukey ve Scheffe testlerinin sonuglar:

Parametre Test Stok Stok Ortalama Standart p %95 Giiven {&rahgl
Yogunlugu(I) Yogunlugu(J) Fark (I-J) Hata Alt Stmir  Ust Sinir

o5 50 0.774* 0.274 0.016 0.121 1.427

100 1.055" 0.255 0.000 0.447 1.662

Tukey 50 25 0.774* 0.274 0016 -1.427  —0.121

100 0.281 0.220 0.414 -0.245  0.806

100 25 ~1.055" 0.255 0.000 -1.662  —0.447

Agrrlik 50 —0.281 0.220 0.414 —-0.806  0.245
o5 50 0.774* 0.274 0.022  0.092 1.456

100 1.055" 0.255 0.000 0.420 1.689

25 0.774* 0.274 0.022 -1.456  —0.092

Scheffe 50 100 0.281 0.220 0.447 -0.268  0.829

100 25 —1.055* 0.255 0.000 -1.689  —0.420

50 —0.281 0.220 0.447 —0.829  0.268

o5 50 9.014* 3.052 0.011 1.735 16.293

100 10.874* 2.836 0.001 4.110 17.638

Tukey 50 25 —9.014* 3.052 0.011 -16.293 -1.735

100 1.860 2.453 0.729 -3.991  7.712

100 25 ~10.874"  2.836 0.001 -17.638 —4.110

Total boy 50 ~1.860 2.453 0.729 -7.712  3.991
o5 50 9.014 3.052 0.016 1.411 16.617

100 10.874* 2.836 0.001 3.809 17.939

25 —9.014* 3.052 0.016 -16.617 —-1.411

Scheffe 50 100 1.860 2.453 0.751 —4.251  7.972

100 25 ~10.874"*  2.836 0.001 -17.939 —3.809

50 ~1.860 2.453 0.751 —-7.972  4.251

“Ortalama fark 0.05 diizeyinde énemlii bulunmustur.
“Ortalama fark 0.01 diizeyinde énemli bulunmustur.

—aA— Baslangic Boy —#— Son Boy —a— Baslangi¢ Agirligi —#— Son Agirhik
50 - 37
45 - y= 42_7995',(;(—0.271
— J R2=0.9641 =)
5 ;‘g ] = y = 2.0165x0668
= T2 R*=0.9962
S 30 - B0
o <
g 25 y = 13,461e00417 =
& 20 1 R>=0.6633 £,
g 13 1 A— —k *E y = 0.0706€0-2166x
© 5 | °© R?=0.7677
0 T T S 0 A— - — A
25 50 100 25 50 100
Stok Yogunlugu (birey m?) Stok Yogunlugu (birey m2)

Sekil 3. Farkl stok yogunluklarinda élgiilen baglangi¢ ve son agirlik degerlerinin ortalamalari

25 birey m Stok Yogunlugu i¢in Son Boy— 50 birey m Stok Yogunlugu icin Son Boy—
Agirhik iskisi Agirhik Iliskisi
60 - 70
50 - 2 g 60 - ® *
=40 =% ¢
§30 y =8.091x + 26.849 5;40-
ol ® ey 230 y = 11.436x + 10.875
20 A R2=0.8789
10 0 @
0 T T T ! 0 T T T )
0 1 2 3 4 0 1 2 3 4
Agirhik (g) Agirhik (g)
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100 birey m2 Stok Yogunlugu i¢cin Son Boy—
Agirhk Iliskisi
70 -
60 - *
50 -
54 0
2 30 - ¢ y =10.428x + 22.212
@ R2=0.8403
20 -
10 A
0 T )
0 1 2 3 4
Agirhik (g)

Sekil 4. Farkli stok yogunluklar i¢in ¢alisma sonundaki boy—agirhik iligkisi

TARTISMA ve SONUC

Tathsu 1stakozu yetistiriciliginde yavrularin hayatta
kalma ve buylumelerini etkileyen faktorler; beslenme,
kanibalizm, stok yogunlugu, su sicakligi, barinak
sayisi1 ve fotoperiyot olarak ifade edilmektedir. Tatlisu
1stakozlar1 biiyime, tireme ve diger normal fizyolojik
fonksiyonlarini  yerine getirebilmek i¢in besin
maddelerine gereksinim duymaktadir. Vicuda yemle
alinan besinlerin bir kismi1 doku olugsumu, bir kismi
enerji uUretimi, diger bir kismi da diger fizyolojik
fonksiyonlarin  yiirtitilmesinde kullanilmaktadir.
Ihtiyac duyduklar: besin maddeleri enerji verenler ve
biiytimeyi saglayanlar (karbonhidrat, yag ve protein)
ile enerji vermeyenler (vitamin, mineral) olarak iki
gruba ayrilmaktadir. Suda yasayan canlilarin karada
yasayan canlilara oranla protein ihtiya¢larinin
yiksek, enerji ihtiyaclarinin diisiik olmasi, beslenme
ve metabolizmanmin c¢evre sartlarindan c¢ok fazla
etkilenmesi, tatlisu i1stakozu beslemenin en o6nemli
karakteristiklerini olusturmaktadir. Cetinkaya (1995)
dogal sartlarda tatlisu istakozlarinda vitamin ve
mineral eksikligine genelde rastlanmadigi halde,
entansif kiltir sartlarinda yapay yemle beslenmeleri
sonucunda vitamin ve mineral eksikliginin ortaya
ciktigini bildirmistir. Bu nedenle, yapay kosullarda
yavru Uretiminin 6nemli oldugu tatlisu i1stakozlarinda
Ureme déneminde olan anaclarin besin ihtiyaglari ve
ozellikle yumurta ve yavru verimini destekleyen ve
arttiran maddeler oldukg¢a 6nemli bir yer tutmaktadir
(Goddard, 1988; Harlioglu ve ark., 2012a). Tathsu
1stakozlarinin bliylime, hayatta kalma, tireme ve diger
fizyolojik gereksinimleri dikkate alindiginda geltik ile
ayn1 ortamda stoklanabilir olduklar1 gorilmektedir.
Chien ve Avault (1980) celtik tarlasi ile kontrol
havuzlar1 arasinda tatlisu 1stakozu retiminin
istatistiksel acidan o6nemli derecede farklihik
gosterdigini ve c¢eltik havuzunda iretim miktarinin
yiksek oldugunu belirtmistir.

Tatlisu 1stakozlar1 cesitli cevresel faktorlerin etkisi
altindaki g6l, golet, baraj ve nehirlerde kolaylikla
yasamlarinm stirdirebilmektedir. Cografik ve ¢evresel
faktorler populasyonun yogunlugunu, biiylimesini ve
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turlerin hayat doéngusini etkilemektedir.
Arastirmada 6lgiilen sicaklik, pH ve ¢6zlinmiis oksijen
miktarinin tathisu istakozlarinin yasam dongilerinde
olduk¢ca  etkili  cevresel faktorler  olduklar:
bilinmektedir. Ayrica bazi tirlerin popiilasyon
cesitliligini de etkilemektedir (Momot ve ark., 1978).
Fizyolojik adaptasyonda kerevitler igin belirli
limitlerdeki fizikokimyasal faktorler o6nemli rol
oynamaktadir (Lodge ve Hill, 1994). Sicaklik, canh
organizmalar tzerinde birinci derecede etkili olan ¢ok
onemli bir faktérdir. Canlilarin hayatta kalabilme,
davranmig, beslenme, biliyime, metabolizma, lireme,
lokal ve cografik dagilimlar tizerinde 6nemli etkiye
sahiptir (Begon ve ark., 1986; Ramirez ve ark., 1994;
Whitledge ve Rabeni, 2003). Tatlisu 1stakozu ¢ok genis
araliklardaki sicaklik degerlerini (4-32°C) tolere
edebilmektedir (Koksal, 1988). Ikinci devre geng
tatlisu 1stakoz yavrular1 Uzerinde yapilan bir
denemede lethal sicaklik ortalamasi 36.4°C
bulunmustur (Firkins, 1993). Canlinin biiyiime
aktivitesinin en 1iyi gerceklestigi optimal sicaklik
derecesi ise 21.8°C olarak tespit edilmistir (Nystrém,
2002). P. leptodactylus tirinin kiltiir sartlarinda
yetistiriciligi i¢in optimal su sicaklik degerlerinin 20—
25°C’ler arasinda olmas1 gerektigi belirlenmistir
(Koksal, 1988). Bununla birlikte, sularin pH diizeyi de
bazi sucul canhlarin dagiliminda ve bollugunda
oldukca etkilidir (Bradford ve ark., 1998). Baz1 nehir
ve gollerde pH seviyesi 6'nin altina diistiginde bazi
balik tiirlerinin bulunmadig: bilinmektedir. Nystrom
(2002) baliklar ve diger bazi sucul omurgasizlar
tuzerinde en etkili kimyasal strese sahip olan
faktorlerin insan faaliyetleri sonucunda meydana
gelen asidifikasyonun neden oldugu diusik pH
degerleri ve yiksek aliminyum igerigi oldugunu
bildirmigtir. Asidifikasyon, kerevitlerin bireysel olarak
bliyimelerinde negatif etki gésterirken popiilasyonun
buytukliginde pozitif etki gostermektedir. Diisuk
pH’ya sahip olan sularda yasayan canli organizma
sayist normalden daha azdir. Tatlisu 1stakozlar: i¢in
uygun pH seviyeleri minimum 6 olmakla birlikte 6.5—
8.5 arasinda degistigi ifade edilmektedir (James ve
Huner, 1985; Alderman ve Wickins, 1990). P
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leptodactylus tiri i¢in ise 3—12 pH degerleri arasinda
bile yagayabildikleri tespit edilmesine ragmen optimal
6.5-8 pH seviyelerinin uygun oldugu bildirilmistir
(Koksal, 1988). Koksal ve ark. (1992) P. leptodactylus
tlrl ergin bireylerinin yagama stiresini 1.5 pH’da 10.5
saat, 5 pH'da 14 gilin, 6.7-8.5 arasindaki pH’da ise
strekli oldugunu bildirmigtir. Diger taraftan, bir
bagska cevresel faktor olan oksijen igerigi, tatlisu
1stakozlarinin  blytimesinde kisitlayici bir etkiye
sahiptir. Coziinmiis oksijen miktarinin disik olmasi
ve ani olarak degigkenlikler goOstermesi, tatlisu
1stakozlarinin dogal ortamlarinda ve yetistiriciliginin
yapildig1 alanlarda goérilen baglica problemlerden
biridir (Huner, 1988). Genel olarak siirekli diisiik
oksijen yogunluguna maruz kalan kerevitlerde
biiyiime ve beslenmede yavaslama olmaktadir (Chien
ve Avault, 1983). Yetistiricilik iinitelerinde 3 mg 1'’nin
altindaki  oksijen  seviyelerinde iken tathisu
1stakozlarinin strese girdigi bildirilmis, 2 mg 1'Vnin
altindaki sularda ise tatlisu 1stakozlarinin su ylzeyine
cikarak atmosferik oksijeni kullanmaya calistiklar:
belirlenmistir (Huner ve Barr, 1991). P. leptodactylus
tirinin minimum 3.97 mg 11! ¢ézinmis oksijen
miktarim tolere edebilecegi ve optimal olarak 6 mg I'V
den yuksek ¢oziinmiis oksijen yogunluguna ihtiyaci
oldugu belirlenmistir (Huner ve Barr, 1991; Merrick ve
Lambert, 1991; Ackefors ve Lindqvist, 1994; Wingfield,
2000; Nystrom, 2002). Bu calismada cevresel faktorler
baglaminda elde edilen bulgular degerlendirildiginde
su parametrelerinde izlenen degerlerin literatiirdeki
degerlere yakin oldugu ve kerevitlerin yasamsal

faaliyetleri acisindan herhangi bir soruna yol
acmayacak duzeylerde degisim gosterdigi tespit
edilmistir (Cizelge 6).

Havuzlara yerlestirilen yavru tathisu 1stakozu
bireylerinin 25, 50 ve 100 birey m2 seklinde farkl stok
yogunluklarindaki bliyume ve yasama oranlar

degerlendirildiginde en yiksek yasama orani ve
biylimenin 25 birey m2 stok yogunlugunun oldugu
havuzlarda gerceklestigi tespit edilmistir. Berber ve
ark. (2011) tarafindan yapilan calismada yumurtal
disi tathsu istakozlarindan laboratuvar ortaminda
temin edilen yavru bireyleri celtik tarlasi igerisindeki
kafeslere yerlestirilmis ve hayatta kalma oranlarinin
%64.67 oldugu rapor edilmistir. Berber ve Kale (2018)
celtik tarlasindaki yavru kerevitlerin biiyiimesi ile
diger yavru  kerevit Dblylime  c¢alismalarini
karsilastirmisg ve ¢eltik tarlasindaki yavru kerevitlerin
daha fazla yagama oranina sahip oldugunu ve biiytime
sergiledigini bildirmistir. Uzun (2007) ii¢c farkli stok
yogunlugunu (10, 50, 100 birey m?2) arastirdig
¢alismada en iyi biiyimenin en az stok yogunlugunda
gerceklestigini belirtmistir. Koksal (1982) pelet yem ve
alglerle besledigi kerevitlerde yasama oranlarinin
%44.23 oldugunu rapor etmistir. Mevcut ¢alismada
hem yasama oraninin hem de blylimenin diger
calismalara kiyasla daha ylksek bulunmasi ¢eltik—
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kerevit yetigtiriciliginin ilave besleme yapilmaksizin
verimli sonuglar verdigini goéstermektedir. Yerli
turumiz olan P. leptodactylus ile ilgili iilkemizde ve
dinyada yapilan caligmalar incelendiginde
birbirlerinden oldukg¢a farkli sonuglar elde edildigi
goriilmektedir. Yapilan bu arastirmalarda yavru
tatlisu 1stakozu bireyleri tuzerine farkli sicaklik
uygulamalarinin, farkl protein seviyesindeki yemlerle
beslemenin, farkli stok oranlarinda yetistiriciligin
biiylime ve gelisme seviyelerine etkileri incelenmistir
(Cizelge 6).

Ozellikle baslangic boy ve agirliklar1 ve arastirma
sliresi birbirlerine yakin olanlar degerlendirildiginde,
mevcut ¢calismada elde edilen sonuclarin literatirdeki
bircok sonuctan daha 1iy1 oldugu gorilmektedir.
Bununla birlikte, bu ¢alismay:1 diger c¢alismalardan

aywran  belirgin  bir farkhligi ise biyltme
calismalarinda nispeten yapay ortamdan
yararlanilmas1 ve digaridan herhangi bir besleme
yapilmamasidir. Bu durumda ortamin besin

kompozisyonu yeterli diizeyde ise biiylimede 6nemli
bir fark olarak ortaya ¢ikabilmektedir. Hem boy hem
de agirhk yonlinden degerlendirilen ¢alismalarin
sonug¢larinin farklilik gostermesinin nedenleri olarak
bireylerin genetik o6zellikleri 1ile buytklukleri,
stoklama oranlari, kullanilan besleme materyalleri, su
kaynaginin o6zellikleri ve besleme c¢aligsmalarinin
uzunluklar: arasindaki farkliliklar gésterilebilir.

Sonug olarak, bu ¢alisma ile kontrolli ortamda celtik—
kerevit yetistiriciligi i¢in 1ideal stok yogunlugu
arastirilmistir. Yavru tatlisu istakozu bireylerinin
eristikleri boy ve agirhik degerleri yliiksek maliyetli
bir¢cok arastirmanin sonuglarindan daha yiiksek
seviyelerde bulunmustur. Tathisu 1stakozu
bireylerinde tespit edilen biiyyiime degerlerinin celtik
tarimi i¢in kullanilan alanlarin ikincil bir tiir olan
tatlisu 1stakozu ile birlikte c¢eltik—kerevit uretimi
acisindan  degerlendirilebilecegi  onerilmektedir.
Celtik—kerevit yetistiriciligi i¢in arastirilan farkh stok
yogunluklari igerisinde biliyiimenin ve yagam oraninin

en yuksek gerceklestigi 25 Dbirey m-2 stok
yogunlugunun kullanilmasi onerilmektedir.
Gelecekteki calismalarda ise celtik—kerevit

yetigtiriciligi acisindan diger stok yogunluklarinin
arastirilmasi, kerevitlerdeki biiylimenin cinsiyetlere
gore ayri olarak incelenmesi, cevresel faktorlerin
tatlisu 1stakozlarinin blylme performans: tzerine
etkilerinin modellenmesi, tatlisu istakozu bireylerinin
celtik lizerindeki olasi etkilerinin incelenmesi tizerine
arastirmalarin gerceklestirilmesi tavsiye
edilmektedir. Bu calismanin celtik—kerevit
yetigtiriciligi agisindan farkli stok yogunluklarinin
arastirildigi ilk arastirma olmasi1 nedeniyle ilerideki
calismalar i¢in 6nemli bir kaynak tegkil edecegi
distnilmektedir.
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Cizelge 6. Tatlisu 1stakozu yavrularinin boy ve agirlik acgisindan biiyumelerinin arastirildigr caligmalarin

kargilagtirilmasi
Baslangig Son Stire
Kaynak Boy (mm) Agirhk (g  Boy (mm) Agrlik (g) (giin)
Koksal (1982) — 0.039 25.03—26.32 0.43-0.48 90
8.8 0.03 32 0.99 83
20.78 0.2
20.64 0.198
11.3 0.041 20.6 0.2 45
20.8 0.21
20.73 0.21
Koksal (1985) 34.88 1.08
21.1 0.22 34.96 0.96 60
37.41 1.22
30.46 0.7
— 26.32 0.48 90
11.22 — 30.37 0.87
43.7 2.1
21.1 0.22 47.89 33 120
Koksal (1988) — — 29.17-36.31 0.6-1.2 60
25.6 0.56
.. 30.1 0.91
Koksal ve ark. (1992) 16 0.07 30.7 0.98 120
33.8 1.22
Erdem (1993) 8.3 0.03 26 0.4 90
Kalma 1996) 45 2.7 330
Aydin (1998) 11.2 0.067 0.68 90
32.34 (&) 0.84
Berber (1999) 11.98 0.04 g;ég(éﬁ);) ?;Z 90
34.1 (9) 0.98
14.89 0.073 24.21 0.33
14.89 0.072 23.65 0.30
Erkebay (2004) 14.84 0.073 22.40 0.25 90
14.87 0.075 27.45 0.48
Ulikowski ve ark. (2006) 12 0.029 29.2 0.799 92
48.3 2.27
Uzun (2007) 12 0.02 37.33 1.4 120
35.1 1.08
36.05 1.26
Mazlum (2007) 11.4 0.02 35.5 1.16 120
33.3 0.91
31.3 0.85
Mazlum ve Uzun (2008) 14 0.025 35.4 0.97 90
41.7 1.3
Aydin (2010) 10.1 0.067 36.6 0.648 120
29.4 0.38
.. 27.4 0.3
Giiner ve Mazlum (2010) 10.8 0.045 97 9 0.32 90
24.6 0.23
. 43.6 2.69
Kulesh ve Alekhnovich (2010) 10.1 0.028 16.9 334 108
23.44 0.86
28.4 1.02
Mazlum ve ark. (2011) 10.8 0.045 91.93 0.62 90
21.22 0.5
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Tiirel (2012) 11.08 0.04 28.29 0.343 90
10.74 0.045 31.51 0.395
11.09 0.040 29.93 0.380
11.06 0.040 27.57 0.367

Berber ve Kale (2018) 11.08 0.04 37.46 1.46 68
25 birey m2 14.28 0.094 43.32 2.036

Bu Calisma 50 birey m2 14.14 0.095 34.31 1.262 85
100 birey m2 15.52 0.145 32.45 0.982

TESEKKUR Yetigtiriciliginde Alternatif Model: Celtik—Kerevit

Bu calisma Canakkale Onsekiz Mart Universitesi
Bilimsel Arastirma Projeleri Koordinasyon Birimi
(COMUBAP) tarafindan desteklenmigtir (Proje No:
FBA-2015-563). Ayrica, bu calisma Uluslararasi
Mihendislik ve Yasam Bilimi Kongresi'nde
(International Congress on Engineering and Life
Science, ICELIS2018) sunulmustur.
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ABSTRACT Research Article

This study was conducted identify the cause of mortality in diseased

Seven khramulya (Capoeta capoeta) and to determine the damage to Article History

the fish tissue caused by the agents identified. While hemorrhage on Received ©25.03.2019
the fins and abdominal region of diseased fish, necrosis in gills, Accepted ©09.05.2019
darkening color and loss of scales were externally determined, the
presence of bloody and smelling liquid in the abdominal cavity,
necrosis of visceral organs, splenomegaly, hyperemia and hemorrhage
in the visceral organs were internally observed. As a result of the
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parasitological examination, Gyrodactylus sp. were found on the gills ;{ f]L]IJVJfJIS
of the diseased fish, and 7richodina sp. were found on their skin. It?p t'y 0coceus Spp-
nfection

Bacteriologically, isolated bacteria were identified as Aeromonas
hydrophila, Vibrio fluvialis, Staphylococcus warneri and S. capitis.
Histopathologically, thickening of epicardium in heart tissue,
myopathy, periglomerular and tubular edema melanomacrophage and
hemosiderin foci, the infiltration of inflammatory cells in the kidney,
hyperemia, infiltration of inflammatory cells in the liver were
observed. A. hydrophila, V. fluvialis, S. warneri, and S. capitis were
first isolated and identified as disease agents from the co-infection in
diseased Seven khyramulya, and furthermore, pathological changes
in tissues caused by these pathogenic bacteria were investigated in
detail.

Hasta Siraz Baliklarinda (Capoeta capoeta) Gériilen Ko-Enfeksiyonun Tanimlanmasi

OZET Aragtirma Makalesi
Bu calisma, hasta siraz baliklarinda (Capoeta capoeta) goriilen ) )
6limlerin nedenini belirlemek ve tespit edilen etkenlerin balik Makale Tarihgesi

dokusunda meydana getirdigi hasar1 tespit etmek amaciyla Gelis Tari}'ﬂ‘ ©25.03.2019
yuratilmustir. Dis bakida baliklarin yizgeclerinde ve karin Kabul Tarihi :09.05.2019
bolgesinde hemoraji, yami sira solungaclarda nekroz, renkte

koyulasma ve pullarda doékiilme tespit edilirken, icbakida ise Anahtar Kelimeler

abdominal boslukta kanli ve kokulu bir sivinin oldugu ayrica ig Siraz .
organlarda nekroz, dalakta biiyiime ve i¢ organlarda hiperemi ve A .y dlfOp ’111]a
hemoraji tespit edilmistir. Parazitolojik muayene sonucunda, V. fluvialis
incelenen hasta baliklarin solungac¢larinda Gyrodactylus sp. derisinde Staphy ,]OCOCCUS SPp-
Enfeksiyon

ise Trichodina sp. parazitlerine rastlamilmigtir. Bakteriyolojik olarak
izole edilen bakteriler Aeromonas hydrophila, Vibrio fluvialis,
Staphlococcus warneri ve S. capitis olarak identifiye edilmigtir.
Histopatolojik olarak, epikardiyum da kalinlagsma, miyopati, bobrek
dokusunda periglomerular ve tibiiller 6dem, melanomakrofaj ve
hemosiderin odaklari yani sira inflamasyon hiicrelerinin
infiltrasyonu, karacigerde hiperemi, infilamasyon hiicrelerinin
filtrasyonu gozlenmistir. Bu c¢alisma ile hasta siraz baliklarinin
karma enfeksiyonundan ilk kez hastalik etkeni olarak A. hyrophila,
V. fluvialis, S. warneri ve S. capitis izole ve identifiye edilmis ayrica
bu patojen bakterilerin dokularda meydana getirdigi patolojik
degisiklikler detaylh bir sekilde arastirilmigtir.

To Cite : Akarli T, Urku C, Bozkurt ER 2019. Determination of Co-infection in Diseased Seven khramulya (Capoeta capoeta).
KSU J. Agric Nat 22(6): 965-971. DOI: 10.18016/ksutarimdoga.vi.544200.
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INTRODUCTION

The Cyprinidae family constitutes the most important
family among the fish species distributed over the
world (Blanc et al., 1971; Howes, 1991). The genus
Capoeta, a member of this family, is distributed from
West Asia to Central Asia, and the fish species in this
genus live in fast or slow flowing lakes and rivers
(Geldiay and Balik, 1996). It was reported that this
genus has five species and 7 subspecies in fresh waters
of Turkey (Geldiay and Balik, 1996; Demirsoy, 1997).
It was also reported that the most important species
that are cultured among these species were common
carps (Pullin, 1986).

Seven khramulya (Capoeta capoeta) is a fish species
with economic importance, which is consumed as food
by local people in the Southeastern Anatolia Region
(Geldiay and Balik, 1996; Sen and Canpolat, 2011). It
was reported that the total fishing of Seven khramulya
species 1n Turkey was 695 tons in 2015 and reached
708 tons in 2016 (TUIK, 2016). However, according to
the data for 2016, it is observed that it decreased by
1.6% compared to 2015. Therefore, it was indicated
that studies should be conducted on the farming of this
fish (Demir, 2017).

It is remarkable that studies conducted on Seven
khramulya so far have focused on different areas
including the reproductive biology of this species,
accumulation of heavy metal, nutrition regime and
processing technology (Yilmaz et al., 2003; Yazicioglu
and Yilmaz, 2011; Giindiiz et al., 2018). Nevertheless,
the parasites causing disease in Seven khramulya
were studied in detail in previous studies, and it was
reported that parasites such as Lernaea cyprinacea
(Koyun and Atici, 2017), Clinostomum complanatum
(Malek and Mobedi, 2001), Ichthyophthirius multifiliis
(Raissy et al., 2010), Rhabdochona denudata (Raissy
and Ansari 2012) and Ligula intestinalis (Keskin and
Erk’akan, 1987) were detected in Capoeta capoeta.
Despite the reports indicating that bacterial pathogens
such as A hydrophila, A.sobria, V.fluvialis, A.
salmonicida, Flavobacterium sp. cause disease in
common carps in previous studies (Guz and Kozinska,
2004; Monette et al., 2006; Adanir and Turutoglu,
2007), there is no study on the bacterial diseases of this
fish, which is considered to be cultured and is a
Cyprinid species.

This study was conducted to identify the agents
causing mortality in Seven khramulya through
parasitological and bacteriological methods and to
determine the histopathological damage to tissues
caused by the agents identified.

MATERIAL and METHODS
Fish Samples

Diseased Seven khramulya (150-200 g), which is found
in freshwater in the Euphrates Region and where
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deaths are observed, was used as a material in this
study. The temperature of the water where diseased
fish found was 20-21°C.

Bacteriological Examination

For microbiological analysis, samples were taken from
liver, spleen and kidney from all moribund Seven
khramulya. They were inoculated onto Tryptic Soy
Agar (TSA) and Brain Heart Infusion Agar (BHIA).
Petri plates were incubated at 24-25 °C for 24-48 h.
The isolates recovered from diseased fish were
identified by wusing conventional bacteriological
method. In addition, all isolates were determined
together with their biochemical characteristics using
rapid identification kits such as API20E and API
STAPH (Buller, 2004; Austin and Austin, 2016).

Parasitological Examination

The presence of external parasites was investigated by
examining the fresh samples from the gills and skin of
diseased Seven khramulya under a light microscope.
Furthermore, the samples taken from the intestine,
stomach, and gallbladder of the same fish after
autopsy were examined for internal parasites (Bullock,
1978; Timur and Timur, 2003).

Histological Examination

Samples of tissues from liver, kidney, spleen, gut, gills,
heart and gill immediately fixed in 10% buffered
formalin and processed for paraffin embedding.
Histological sections (4-5um) were stained with
haematoxylin and eosin (H&E) and examined by light
microscopy (Culling, 1963).

RESULTS

Clinical Findings

While clinical findings such as weakness, slight loss of
scales, necrosis in gills, cloud like thin white film layer
on the body surface and hemorrhage in the dorsal and
tail fin are remarkable in the external examination of
diseased Seven khramulya (Fig. 1a,b), accumulation of
fluid in the abdominal cavity, hemorrhage and
hyperemia in internal organs, and splenomegaly were
observed in the internal examination (Fig. 1c).

Parasitological Findings

As a result of the parasitological examination,
Gyrodactylus sp., one of the external monogenean
parasites, was found on the gills and 7richodina sp.,
one of the protozoan ciliates, was found on the skin of
the diseased Seven khramulya.

Bacteriological Findings

Bacteria with 4 different colony morphologies
reproduced in the medium at the end of the incubation
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Figure 1. The loss of scales on the body surface of the
diseased fish and hemorrhage on the fins (¥)
(a), necrosis in the gill (b), enlargement of the
spleen and hemorrhage in the abdominal
cavity and hyperemia in the visceral organs

*) ()

period. A total of 20 bacterial isolates were obtained
from these colonies, and these isolates were examined
in 4 different groups based on their morphological,
physiological and biochemical characteristics. The
bacteria of the first isolate (n=5) were identified as
Aeromonas sp. since they were Gram-negative, motile
bacilli, gave a positive reaction to cytochrome oxidase
and catalase tests and also were sensitive to 0/129
test. Since isolate number 2 (n=5) was Gram-negative
motility bacilli, gave a positive reaction to cytochrome
and oxidase test and was sensitive to O/129 test, the
isolated bacteria were identified as Vibrio sp. It was
determined that isolates number 3 (n=5) and 4 (n=>5)
were Gram-positive, cluster forming, cocci shaped
bacteria and also gave a negative reaction to
cytochrome oxidase and a positive reaction to catalase.
Therefore, these isolated bacteria were identified as
Staphylococcus spp. According to the results of all
biochemical tests, the isolated bacteria were identified
as A. hydrophila (isolate 1), V. fluvialis (isolate 2), S.
warneri (isolates), and S. capitis (isolate 4). All results
obtained were confirmed by the API 20E and API
STAPH kit. The morphological, physiological and
biochemical characteristics of the isolated bacteria and
their API profiles are presented in Table 1.

Histopathological Findings

Histopathologically, thickening of epicardium in the
heart tissue of the diseased fish (Fig. 2a), myopathy
and inflammatory cell infiltration (Fig. 2b),
periglomerular and tubular edema in the renal tissue
of the kidney, melanomacrophage and hemosiderin
foci, necrosis and inflammation reaction in the
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hematopoietic tissue were detected (Fig. 2c).
Furthermore, it was also remarkable that there was
hyperemia in the liver tissue of infected fish, intense
infiltration of inflammatory cells, and necrosis in
hepatic cells (Fig. 2d). As a result of the parasitological
examination, hyperplasia at the ends of the primary
filaments of the gills in which Gyrodactylus sp. was
detected (Fig. 2f), and edema in secondary lamellae
were observed (Fig. 2e).

| (A " .
Thickening of epicardium (*) (a),
inflammatory cell infiltration in the
heart tissue (*) (b), periglomerular and
tubular edema (*), melano macrophage
centers in the renal tissue of the kidney
(c), intense infiltration of inflammatory
cells and necrosis in hepatic cells (d),
edema (*) and hyperplasia in the
seconder lamellae (e) and Gyrodactylus

sp. (*) (O

A

Figure 2.

DISCUSSION

Stress factors, such as the increase in organic load
occurring in the habitat of fish that are found in nature
and cultured, oxygen deficiency and pollutants, cause
bacterial diseases and therefore mortality in fish
populations (Roberts, 2001; Austin and Austin, 2016).
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Table 1. Morphological, physiological, and biochemical characteristics of the isolates recovered from moribund

Seven khramulya and API profiles

Characteristics Isolate: (n=5) Isolatez (n=5) Isolate s (n=5) Isolates (n=5)
Gram staining - - + +
Motility + +

Oxidase + +

Catalase + + + +
O/F F F F F
0/129- 10 - +

0/129-150 +

Growth on %2 TSA + + + +
%3 TSA + + +
%5 TSA + +
MCA + +

TCBS + +

Arginine dihydrolase + + +
Lysine decarboxylase + ND

Ornithine decarboxylase ND

HaS ND

Indole + + ND

Urease + +
Metil Red + + ND

Voges Proskauer + + +
Nitrate reduction + + +
Urease production + +
Starch hydrolise + ND

Citrate v + ND ND
Esquline + + ND -
Arabinose + + -

Maltoze + + +

Mannose + + +

Mannitole + + ND +
Trehalose + + + -
Xylose + +

Sorbitol

Sucrose + + +

Inositole

Laktose - - - -
API Profile Number 304716757 104402655 7210113 7102107
Identification A. hydrophila V. fluvialis S. warneri S. capitis

+:positive reaction, -‘negative reaction, V: variable, ND: not detected, O/F:Oxidative/Fermentative, MCA:Mac Conkey Agar,

TCBS: Thiosulfate Citrate Bile Sucrose

In this study, the diseases causing mortality in Seven
khramulya in nature was diagnosed using
parasitological, bacteriological and histopathological
examination methods. While bacterial agents such as
A. hydrophila, V. fluvialis, S.warneri, and S.capitis
were isolated and identified from the internal organs
of moribund fish, some parasitary agents such as
Gyrodactylus sp. and Trichodina sp. were not present
in the same fish. Histopathologically, it was
determined that all these agents caused serious
pathological disorders especially in the internal organs
of diseased fish.

Aeromonas infections are an important bacterial
disease observed in many freshwater fish (Roberts,
2001; Austin and Austin, 2016). The pathogens that
cause this infection include bacterial species such as A.
hydrophila, A. caviae, A. sobira, A. veronii, A.
salmonicida, and A. bestiarum (Timur and Timur,
2003; Buller, 2004; Austin and Austin, 2016). It was
reported that mobile Aeromonas species that cause
diseases in nature, aquaculture medium and even in
aquarium fish production exist in large amounts in
places where there is organic pollution. In the studies
conducted so far, A. Aydrophila was reported to be the
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pathogen bacteria, which was defined as an
opportunistic pathogen and was the most
predominantly isolated pathogen among these species
(Roberts, 2001; Nielsen et al., 2001; Timur and Timur,
2003). While some of the bacteria examined in this
study are Gram-negative and motile bacilli and
identified as A. Aydrophila due to their morphological,
physiological and biochemical characteristics, as
previously reported (Buller, 2004; Austin and Austin,
2016).

It was reported that A. Aydrophila causes primary or
co-infections in cyprinid fish and causes mass deaths
as a primary agent in common carps cultured in
Northern Greece (Sioutas et al., 1991), and as a co-
infection with Flavobacterium sp. in common carps in
the habitat in the St. Lawrence River in Canada
(Monette et al., 2006). As reported by Bohai et al.
(1993) in various carp species, A. hydrophila and V.
fluvialis were isolated and identified in this study. As
stated previously by Monette et al (2006), we think
that the reason for observing this pathogen, which was
also reported in common carps in nature, in the co-
infection in diseased fish examined is the physical and
environmental factors.

Vibriosis disease caused by different Vibriospecies was
reported in many naturally grown or cultured
freshwater and sea fish species (Roberts, 2001; Austin
and Austin, 2016). Vibrio species causing disease in
freshwater fish mostly involve pathogens such as V.
anguillarum, V. fluvialis (Han-Chang, 2009). In this
study, V. fluvialis was isolated and identified from
diseased Seven khramulya, as it was reported in
various diseased common carp by Bohai et al (1993).

In freshwater fish, Gram-positive bacteria such as S.
aureus, S. epidermidis, S. cohnii subsp cohnii, and S.
warneri (Varvarigos, 2001; Akayli et al., 2011; Austin
and Austin, 2016) mainly cause stapylococcosis. There
was a report indicating that .S. warner: isolated from
diseased Seven khramulya causes disease in
Oncorhynchus mykiss cultured in our country (Metin
et al., 2014). There are no studies indicating that
isolated S. capitis causes disease in fish we found.

Protozoan parasites that cause disease in fish are
defined as opportunistic or compulsory pathogens.
Protozoan parasites found on fish skins include species
such as Ichthyobodo necator, Ichthyophthirius
multifilis, Trichodina spp. (Roberts, 2001; Durborow,
2003). Although 7richodina sp. is a parasite that is
usually and intensely found in freshwater, it is a type
of parasite that causes disease in addition to primary
pathogens during stress. In this study, 7richodina sp.
was found in the skin of diseased Seven khramulya, as
it was also reported by previous researchers
(Sanmartin et al., 1991; Nilsen, 1995; Asmat, 2001).

Gram-negative and Gram-positive pathogen bacteria
causing hemorrhagic septicemia in fish cause serious
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disorders in the structure, function, and morphology of
the tissues (Roberts, 2001). Histologically, it was
determined in this study that bacterial agents cause
co-infection and degeneration in the hepatocytes of the
liver, tubular and glomerular destruction in the renal
tissue, as it was stated by Yu et al (2010). As reported
by Dar et al (2016), hypertrophy in the lamellae and
degenerative changes in the gill epithelium in the gill
tissue of silver carp (Hypophthalmichthys molitrix)
infected with A. sobria were also detected in diseased
Seven khramulya.

As a result, the disease observed in Seven khramulya
in nature was mostly accompanied by A. Aydrophila
along with the pathogens such as V. fluvialis, S.
warneri, and S. capitis. S. capitis was isolated and
identified as a disease agent from diseased Seven
khramulya for the first time in this study.
Furthermore, we report for the first time in this
comprehensive study that these pathogenic bacteria
isolated and identified from co-infection may cause
disease in Seven khramulya. We think that the
external parasites observed in diseased fish examined
act as secondary factors causing disease with bacterial
pathogens.

CONCLUSION

Common carps are among the most important
freshwater fish cultured in the world and Turkey.
Seven khramulya is an important fish species that is
found in natural water in our country and aimed to be
raised. The data in this study shed light on future
intense cultivation of Seven khramulya in Turkey, as
contributes to pre-identification of bacterial and
parasitic diseases that may pose a risk to fish.
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ABSTRACT
This study was conducted to determine the essential oil composition

Short Communication

and diurnal variations (9.00 am, 12.00 am and 16.00 pm) of Sideritis ~ rticle History

trojana Bornm. which was distributed naturally at the peak of Received :24'01'2019
Kazdag (Edremit-Balikesir), west of Turkey during the growing Accepted 118.04.2019
season. The oil composition was determined with GC-MS. The Keywords

highest quantity of essential oil content (0.25-0.30%) was found at

Volatile oil components,
the full plant flowering stage and the lowest was at fresh fruiting

Sideritis trojana,

stage (0.07-0.1%). Diurnal fluctuation in essential oils of whole plant GC-MS,
was also observed. The highest and lowest essential oil levels were Edremit,
observed at the afternoon (16.00 pm) and in the morning (08.00 am), Balikesir

respectively. The oils were consisted of mainly a-bisabolol (27.8%),
valeranone (13.4%), 4-terpineol (10.3%), germacrene-D (8.8%) and
spathulenol (5.8%) during vegetative stage, 4-terpineol (30.3%),
caryophyllene (21.0%) and 3-methyl nonane (9.3%) during flowering
stage, 4-terpineol (16.1%), copaene (15.4%), caryophyllene (10.6%), 3-
methyl nonane (9.8%) and valeranone (7.9%) during fresh fruiting
stage.

Kazdaglar’nda (Edremit-Bahkesir) yayilg gosteren Sideritis trgjana tirtinin Ugucu Yag Oram ve
Bilegenlerinin Diurnal ve Ontogenetik Varyasyonunun Belirlenmesi Uzerine Bir Aragtirma

OZET Kisa Not

Bu arastirmada, Kazdaglarinda (Edremit-Balikesir) yayilis gosteren . .

Sideritis trojana Bornm tirinlin ugucu yag orani ve bilegsenlerinin Makale T.ar'lhge.s1

diurnal ve ontogenetik varyasyonunun belirlenmesi amaglanmigtir. Gelis Tarlhl, ) 24.01.2019
Ugucu yag bilesenleri GC-MS analizi ile yapilmistir. En yliksek Kabul Tarihi  :18.04.2019
ucucu yag orani ciceklenme déneminde (%0.25-30), en diisiik ucucu Anahtar Kelimeler

yag orani ise meyve doneminde %0.07-0.10) tespit edilmigtir. Ucucu yag bilesenleri,
Ucucu yag bilegsenleri vejetatif donemde esas olarak; a-bisabolol Sideritis trojana,

(%27.8), valeranone (%13.4), 4-terpineol (% 0.3), germacrene-D GC-MS,

(%8.8) ve spathulenol (%5.8); ¢iceklenme déneminde ise 4-terpineol Edremit,

(% 30.3), caryophyllene (%21.0) ve 3-methyl nonane (9.3%); meyve BN

olusumu doéneminde 4-terpineol (%16.1), copaene (% 15.4),
caryophyllene (%10.6), 3-methyl nonane (%9.8) ve valeranone (%7.9)
olarak belirlenmistir.

To Cite : Pasa C, Selvi S, Ozer Z, Kili¢ T 2019. An Investigation on the Determination of Diurnal and Ontogenetic Variations
of Essential Oil Composition in Sideritis trojana Growing in Kazdag (Edremit-Balikesir). KSU J. Agric Nat 22(6):
972-975. DOI: 10.18016/ksutarimdoga.vi.517345.

INTRODUCTION

A derivate of the Greek word “Sideron” was used to
name the genus Sideritis, also known as ironwort,
shepherd’s tea and mountain tea is a genus of
flowering plants widely known for their use in herbal
medicine as well as an herbal tea (Piozzi et al, 2006).

Sideritis L., which is one of the important genera of
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the Lamiaceae family, has species that are of medical
and economic value (Davis, 1982; Carike et al, 2012).
More than 150 taxa of the genus Sideritis are found
mainly in the Mediterranean region (Obon and Nunez
1994). Sideritis genus are represented by 46 species
(53 taxa) in Turkey and 39 of these taxa are endemic
(endemism ration is about 80%) for our country
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(Aytac and Aksoy, 2000; Giiven¢ and Duman, 2010).
Sideritis species are generally known namely
“adacayi, dagcayi” and are widely used as herbal tea
and folk medicine in Turkey (Kirimier et al, 2004).
Sideritis species are also widely used in the treatment
of some diseases such as cough, colds, gastrointestinal
disorders, antimicrobial and anti-rheumatic (Baytop
1999; Topcu and Géren, 2007; Kilic et al, 2009; Pasa
and Selvi, 2011; Selvi et al. 2012; Polat et al. 2012).

The purpose of the study was to determine the
essential o0il components content and ontogenetic
variations of Sideritis trojana Bornm., cultivated in
Mount Ida, Edremit-Balikesir, Turkey during a
growing season.

MATERIALS and METHODS
Object of the Study

The object of this study was to determine the
essential oil components content and ontogenetic
variations of S. trojana, which was collected at
different developing stages from Edremit district of
Balikesir province, Turkey between April and August
of 2014. The soil of the trial area was sandy with pH
value (6.9), organic matter (6.8%), sand (68%), silt (24
%) and clay (8%). The trial location sustained a mean
temperature of 22.1 °C, mean rainfall of 27.4 mm and
relative humidity of 61.2 % during the year of 2014.
Samples were collected three times a day (9.00 am;
12.00 am and 16.00 pm) for each development stage.

Sampling and sample preparation

Ontogenetic sampling corresponded with different
date for S. trojana shoots with leaves were harvested
at the vegetative stage. At the full flowering stage,
only shoots with fully opened flowers and at the fresh
fruiting stage, the shoots with green capsules were
harvested. The plant materials were dried at room

temperature (20 °C) and 50 g of each sample was
subjected to hydro distillation for 6 h using a
Clevenger type apparatus for determining the oil
content.

0Oil Composition and Analyses

The o1l composition was determined with GC-MS. GC-
MS analyses were conducted in the TUBITAK
(MAM). GC-MS conditions; helium was used as
carrier gas at a constant flow rate of 1 mL/min. 1uL of
sample was injected. The GC temperature program
was set as follows; 50 °C hold for 5 min, ramp to 250
°C at 5 °C/min and hold for 10 min. The temperature
of the MS transfer line was set at 220 °C. Using scan
mode a mass range from 50 to 650 m/z. Used column,
DB-5 30 m x 0.25 mmID x0.25 um. The Thermo
Scientific TSQ GC-MS/MS was used in this study.

Statistic

Data was subjected to Analysis of Variance using
MSTAT software program. Means were separated by
the Duncan Multiple Range Test.

RESULTS and DISCUSSION

Total essential oils content in S. trojana during
ontogenetic development was the highest in the full
flowering stage (0.25-0.30%), followed by vegetative
(0.23-0.27%) and fresh fruiting stage (0.07-0.10%)
(Table 1). The differences among essential oils values
during the different developmental stages were
significant (P<0.01). One-way tendency of change in
the essential oils content during the different hours of
the day indicated that the oils values were higher in
the afternoon (16.00 pm)- 0.10-0.30 % compared with
at noon (12.00 am)-0.07-0.26 and in the morning
(08.00 am)-0.08-0.25% in all developmental stages.

Table 1. Total essential oils content (%) and changes during collecting and development stages of S. trojana

Diurnal Collecting Times Developmental Stages
Vej.Stage Full Flow. Fresh Fruit. Mean
09:00 am 0.24 cd 0.25¢ 0.08f 0.19b
12:00 am 0.23d 0.26 be 0.07¢g 0.19b
16:00 pm 0.27b 0.30 a 0.10 e 0.22 a
Mean 0.25b 0.27 a 0.08 ¢ 0.20

There is no statistical (p<0.01) differences between values with the same letters in the same columns.

Several studies on ontogenetic variation of secondary
metabolites were conducted in different plants.
Alkaloid changes during fruit development were
observed by Miriam and Pfeifer (1959) in Papaver
somniferum and by Fairbairn and Challen (1959) in
Conium maculatum.

Schwob et al., (2004) investigated essential oil
changes during the course of ontogenesis in
Hypericum perforatum. In another study, Gupta et al.
(2002) discussed the changes of artemisinin during
phonological cycle of Artemisia annua and foliar
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monoterpenoid variation in Umbellularia californica
in seedlings and tree stages. Chemical concentrations
varied considerably during the course of ontogenesis
in a medicinal plant. Not only the concentrations of
plant chemicals fluctuated through the season, but
also the plant experienced short-lived and rapid
turnovers (Smith et al., 1996).

The identity, the retention time and percent
composition of the essential oils content from S
trojana is presented Table 2.
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Table 2. Variation of volatile oils content of S. trojana within a one day during the course of ontogenetic (%)

Vegetative stages Full flowering Fresh fruiting

09.00 {12.00 |16:00 |09:00 |12:00 |16:00 |09.00 |12.00 |16.00
KI* |RT** Compounds am am pm am am pm am am pm
930 |[5.25 a-Thujene 0.4 0.2 0.7 1.1 0.7 0.7 0.3 0.2 0.2
939 |5.44 a-Pinene 1.8 2.3 1.7 1.4 2.8 1.8 4.2 4.7 5.1
971 |6.87 3-Methyl nonane 3.2 3.7 4.3 9.3 9.4 8.7 9.8 9.2 9.4
979 |7.16 1-Octen-3-ol - - 0.1 0.7 0.2 0.5 - - -
979 |7.55 B-Pinene - 0.1 0.3 0.9 0.4 0.8 0.7 0.5 0.6
1003 | 7.90 a-Phallandrene - 0.1 0.1 0.6 0.5 0.6 0.9 1.1 1.2
1031 [ 8.11 Carene-3-delta 0.1 0.1 0.2 0.9 0.6 1.1 1.2 1.4 1.8
1017(8.33 Terpinene 0.1 0.3 0.5 1.4 1.3 0.8 0.8 0.7 0.9
1025 | 8.60 Cymene - 0.3 0.1 0.9 0.8 1.2 1.3 1.5 1.3
1029 | 8.75 Limonene 1.6 2.4 2.4 1.3 1.8 1.9 3.1 2.2 3.3
1037 19.20 B-Ocimene 0.7 0.8 1.2 0.9 0.8 0.8 0.9 0.9 1.0
1060 | 9.82 t-Terpinene 0.4 0.6 0.7 1.1 1.3 1.8 1.2 1.0 1.0
1086 | 10.39 Nononal 0.2 0.2 0.3 0.4 0.2 0.3 0.4 0.2 0.2
1089 ]10.81 Terpinolene 0.4 0.3 0.3 0.5 0.3 0.3 0.4 0.2 0.2
1100 |11.28 Undecane 0.2 0.4 0.4 0.8 0.9 0.6 0.4 0.2 0.3
1157 |11.38 Nonen-1-ol 0.6 0.7 0.7 0.9 1.0 0.7 0.7 0.9 0.7
1177]13.51 4-Terpineol 9.4 10.3 10.2 [30.3 [25.4 25.1 16.1 14.3 12.4
1189 |13.89 a-Terpineol 0.5 0.4 0.5 0.4 0.5 0.7 0.5 0.3 0.6
1243 | 15.42 Carvone 0.5 0.4 0.4 1.0 1.2 1.4 0.5 0.2 0.2
1377119.10 Copaene 1.7 1.3 1.9 0.9 0.8 1.1 12.2 114 |154
1388 ]19.27 B-Bourbene 0.1 0.2 0.5 0.2 0.4 0.3 0.7 0.5 0.6
1391 | 19.60 B-Elemene - 0.1 0.2 0.3 0.5 0.4 0.4 0.2 0.2
1409 | 20.10 Caryophyllene 3.6 5.1 4.2 21.0 17.1 16.7 10.6 9.7 9.5
1455 | 21.00 a-Humulene 0.1 0.1 0.3 0.2 0.5 0.4 0.4 0.4 0.3
1447 | 21.22 Aromadendrene 0.3 0.1 0.6 0.5 0.1 0.5 0.4 0.4 0.3
1462 | 21.56 1.8-cineole 4.3 3.9 4.2 6.8 8.2 7.6 3.4 4.9 4.7
1485 | 21.70 Germacrene-D 8.8 6.4 7.1 4.2 5.4 6.9 4.7 4.2 4.8
1480 | 22.00 t-Muurolene 2.8 3.3 2.9 0.7 1.4 1.4 4.0 3.5 3.8
1514 22.52 |y-Gamma-cadinene |0.8 1.2 0.8 0.9 1.5 1.1 0.4 0.5 0.6
1539 | 22.69 a-Cadinene 0.4 0.7 0.5 0.4 0.8 0.8 0.6 0.4 0.7
1572 123.90 Spathulenol 5.6 5.4 5.8 1.0 1.5 1.1 0.7 0.6 0.4
1583 124.03 Caryohyllene oxide |1.4 1.9 2.4 0.3 0.9 0.7 0.6 1.0 1.1
1593 | 24.22 Viridifloral - 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.3
1636 | 25.10 0-Cadinol 1.1 0.7 1.2 0.5 0.6 0.6 1.3 1.6 1.2
1660 | 25.61 a-Cadinol 3.1 3.8 3.6 2.3 3.3 2.7 2.9 3.1 2.8
1675 | 26.02 Valeranone 13.4 |11.8 10.7 1.7 2.1 2.2 6.1 7.9 7.3
1686 | 26.30 a-Bisabolol 278 1224 21.9 1.5 2.4 2.0 2.4 2.9 2.6
1943 | 29.70 Phytol 1.7 2.2 1.5 0.5 0.5 0.7 1.4 1.6 1.7

*KI: Kovats Retention Index; **RT: Retention Time

During vegetative stage, the oils consisted mainly of
a-bisabolol (27.8 %), valeranone (13.4 %), 4-terpineol
(10.3 %), germacrene-D (8.8 %) and spathulenol (5.8
%). During flowering stage the oils consisted mainly
of 4-terpineol (30.3 %), caryophyllene (21.0 %) and 3-
methyl nonane (9.3 %). During fresh fruiting stage
flowering stage, the oils consisted mainly of 4-
terpineol (16.1 %), copaene (15.4 %), caryophyllene
(10.6 %), 3-methyl nonane (9.8 %) and valeranone (7.9
%).
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The major constituents of the oil were B-pinene (18.4
%), a-pinene (13.2 %), germacrene-D (5.3 %), B-
caryophyllene (4.9 %), limonene (3.7 %), and p
cymene (3.4 %) (Kirimer et al, 2008).

The effects of the diurnal variation on the essential
oil’'s composition of S. trojana have not been reported
previously. Nevertheless, differences in the essentials
composition of developmental stages have been
described for the closely related species of S. trojana
(Kirimer et al, 2004).
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CONCLUSIONS

In this study, diurnal and ontogenetic variability of
essential oil and components of S. trojana has been
determined. The highest essential oil content of the
plant has been identified during full plant flowering,
before flowering and fresh fruit stages, respectively.

As a result of this study, 38 different essential oil
components have been detected in three different
development stages of the plant. The main
components of the essential oil are a-bisabolol (27.8%)
and valeranone (13.4%) during vegetative stage;
caryohyllene (21.0%) and 4-terpineol (30.3%) during
flowering stage; 4-terpineol (16.1%) and copaene (15.4
%) during fresh fruiting stage.

In addition to the above, the most suitable collection
time and collection period has been obtained in terms
of the essential oil ratios and components of the
investigated species and the most effective utilization
method of the species was determined in this study.
Furthermore, we believe that S. trojana will
contribute to various upcoming scientific studies,

especially in phytochemical and pharmaceutical
arena.
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