ISSN 1308-7576
e-ISSN 1308-7584

YUZUNCU YIL UNIVERSITESI
TARIM BILIMLERI DERGISI

YYU TAR BIL DERG

YUZUNCU YIL UNIVERSITY
JOURNAL OF AGRICULTURAL SCIENCES

YYU J AGR SCI
Cilt (Volume): 29 Say1 (Number): 4 Arahk (December) 2019

Van Yiiziincii Y1l Universitesi Ziraat Fakiiltesi, 65080 Van, Tiirkiye
Van Yuzuncu Y1l University Agriculture Faculty, 65080 Van, Turkey
http://dergipark.gov.tr/yyutbd

Previous Names _of the Journal: Yiiziincii Yil Universitesi Ziraat Fakiiltesi Tarim
Bilimleri Dergisi (Yuzuncu Yil University, Agriculture Faculty Journal of Agriculture Science)
and Yiiziincii Y1l Universitesi Ziraat Fakiiltesi Dergisi (Yuzuncu Yil University, Journal of
Agriculture Faculty)

Dergimiz CAB Abstracts, FAO AGRIS/CARIS ve TUBITAK/ULAKBIM Veri
Tabanlarima girmektedir. Ulrich's Directory, EBSCO, ISC, Directory of Open Access Journals
(DOAJ), ISI Thompson Master Journal List (Zoological Record) ve SCOPUS’a dahildir.

Our Journal is abstracted in CAB Abstracts, FAO AGRIS/CARIS and TUBITAK/
ULAKBIM Data Bank. Listed in Ulrich's Directory, EBSCO, ISC, Directory of Open Access
Journals (DOAJ), ISI Thompson Master Journal List (Zoological Record) and SCOPUS.



YUZUNCU YIL UNIiVERSITESI TARIM BiLIMLERI DERGISI
(Yiiziincii Y1l University Journal of Agricultural Sciences)

SAHIBI (OWNER)

YUZUNCU YIL UNIVERSITESI ZIRAAT FAKULTESI ADINA
(Behalf on Van Yiiziincii Y1l University, Faculty of Agriculture)

(Dekan /Dean)
Prof. Dr. Semra DEMIR

Sorumlu Miidiir (Manager in charge) / Bas editor (Chief Editor)

Prof. Dr. Suat SENSOY

Yayin Kurulu ve Yardimci Editorler (Editorial Board & Associated Editors)

ARPALI Digdem (Prof. Dr.)

ERDINC, Ceknas (Assoc. Prof. Dr.)
KARACA, Serhat (Assoc. Prof. Dr.)
KAYA, ilhan (Prof. Dr.)

KURT, Sener (Prof. Dr.)

KURTAR, Ertan Sait (Prof. Dr.)
OZASLAN PARLAK, Altmgiil (Prof. Dr.)
OZGOKCE, M. Salih (Prof. Dr.)

TOLU, Cemil (Assoc. Prof. Dr.)
TURKOGLU, Nalan (Prof. Dr.)

Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Hatay Mustafa Kemal University, Faculty of Agriculture, HATAY

Selguk University, Faculty of Agriculture, KONYA

Canakkale Onsekiz Mart University, Faculty of Agriculture, CANAKKALE
Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Canakkale Onsekiz Mart University, Faculty of Agriculture, CANAKKALE
Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Istatistik Editorleri (Statistical Consultants)

TAKMA, Cigdem (Prof. Dr.)
YESILOVA, Abdullah (Prof. Dr.)

Ege University, Faculty of Agriculture, IZMIR
Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Konu Editorleri ve Bilimsel Danisma Kurulu (Section Editors and Scientific Board)

ALP, Sevket (Prof. Dr.)
ALYOKHIN, Andrei V. (Assoc. Prof. Dr.)
AYGUN, Turgut (Prof. Dr.)
GULSER, Fiisun (Prof. Dr.)
DEMIREL, Murat (Prof. Dr.)
JAVED, Khalid (Prof. Dr.)
KAZANKAYA, Ahmet (Prof. Dr.)
KOCSIS, Laszl6 (Prof. Dr.)

SEN, Fazil (Prof. Dr.)

ROSCH, Roland (Dr.)

TEPE, Isik (Prof. Dr.)
TUNGTURK, Murat (Prof. Dr.)
TUNGTURK, Yusuf (Prof. Dr.)
TUFENKCI, Sefik (Prof. Dr.)
TURKOGLU, Nalan (Prof. Dr.)
YILDIRIM, ibrahim (Prof. Dr.)
YILDIZ, Mehtap (Assoc. Prof. Dr.)

Peyzaj Mimarlig1/ Landscape Architecture, Van Yiiziincii Y1l University
Uyg. Entomoloji (Applied Entomology)/ Maine Univ., Orono ME, USA
Hayvan Yetistirme ve Islah1 / Animal Breeding, Van Yiiziincii Y1l University

Top. Bil. ve Bit. Bes. /Soil Science and Plant Nutrition, Van Yiiziincii Yil University

Hayvan Besleme/Animal Nutrition, Van Yiizincti Y1l University
Veterinerlik ve Hayvan Bilimleri Univ., (Animal Science)/ Lahore, Pakistan
Bahge Bitkileri/ Horticulture, Van Yiiziincii Y1l University
Bagcilik(Viticulture)/ Georgikon Fak.Pannonia Univ., Keszthely, Hungary
Su Uriinleri/Fisheries, Van Yiiziincii Y1l University

Balikgilik Aras. Ist (Fisherries) /Baden-Wiirttemberg Langenargen, Germany
Bitki Koruma/Plant Protection, Van Yiiziincii Y1l University

Tarla Bitkileri/Field Crops, Van Yiiziincii Y1l University

Gida Miihendisligi/Food Science, Van Yiiziincii Y1l University

Biyosistem Miithendisligi/Biosystem Engineering, Van Yiiziincii Y1l University
Siis Bitkileri/Omomental Plant Production, Van Yiiziincii Y1l University
Tarim Ekonomisi/ Agricultural Economics, Van Yiiziincti Y1l University

Tarimsal Biyoteknoloji/Agricultural Biotechnology, Van Yiiziincii Y1l University

Bu Sayinin Hakem Listesi (Referee List in This Number)

AKGUL, Davut Soner (Assoc. Prof.)
AKKOL, Suna (Assoc. Prof.)

AKSOY, Adem (Prof. Dr.)

ALABOZ, Pelin (Dr.)

ALP, Sevket (Prof. Dr.)

ARSLAN, Harun (Assoc. Prof.)

AVCI BIRSIN, Melehat (Prof. Dr.)
AYSAN, Yesim (Prof. Dr.)

BAYLAN, Emel (Assoc. Prof.)
BILGILI, Ali Volkan (Assoc. Prof.)
BIRINCI, Avni (Prof. Dr.)

BOYRAZ, Nuh (Prof. Dr.)

BOYSAN CANAL, Sibel (Assist. Prof. Dr.)
CEYLAN, Rahmiye Figen (Assist. Prof. Dr.)
CEYLAN, Zafer (Assist. Prof. Dr.)
CAKMAKCI, Talip (Dr.)

CELIK, Ferit (Prof. Dr.)

CIG, Arzu (Assoc. Prof.)

EKINCIALP Aytekin (Assoc. Prof.)
ERDINC, Ceknas (Assoc. Prof.)
ESETLILI, Mustafa Tolga (Assoc. Prof.)

Cukurova University, Faculty of Agriculture, ADANA

Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Atatiirk University, Faculty of Agriculture, ERZURUM

Isparta Applied Sciences University, Faculty of Agriculture, ISPARTA
Van Yuzuncu Y1l University, Faculty of Archtecture and Design, VAN
Atatiirk University, Faculty of Fisheries, ERZURUM

Ankara University, Faculty of Agriculture, ANKARA

Cukurova University, Faculty of Agriculture, ADANA

Van Yuzuncu Y1l University, Faculty of Archtecture and Design, VAN
Harrran University, Faculty of Agriculture, SANLIURFA

Atatiirk University, Faculty of Agriculture, ERZURUM

Selguk University, Faculty of Agriculture, KONYA

Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Akdeniz University, Faculty of Agriculture, ANTALYA

Van Yiiziincii Y1l University, Faculty of Fisheries, VAN

Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Van Yiiziincti Y1l University, Faculty of Agriculture, VAN

Siirt University, Faculty of Agriculture, SIIRT

Van Yiiziincii Y1l University, Baskale Vocational School, VAN

Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Ege University, Faculty of Agriculture, IZMIR



GORMEZ, Giil (Dr.)

GUL, Mevliit (Prof. Dr.)

GUZEL, Senol (Prof. Dr.)

HORUZ, Ayhan (Assoc. Prof.)
HURMA, Harun (Assist. Prof. Dr.)
KAMAN, Harun (Prof. Dr.)
KARACA, Murat (Assist. Prof. Dr.)
KARACA, Siyami (Assist. Prof. Dr.)
KAYA, Muharrem (Prof. Dr.)
KAZANKAYA, Ahmet (Prof. Dr.)
KOSE ERIM, Yagmur (Assist. Prof. Dr.)
KUSVURAN, Sebnem (Assoc. Prof.)
MERAL, Raciye (Assist. Prof. Dr.)
MIRIK, Mustafa (Prof. Dr.)

0OGUZ, Cennet (Prof. Dr.)
OZASLAN, Cumali (Assoc. Prof)
SOYLU, Soner (Prof. Dr.)
SURUCU, Abdulkadir (Assoc. Prof.)
SIMSEK, Ugur (Assoc. Prof.)
TAKMA, Cigdem (Prof. Dr.)
TEPECIK, Mahmut (Dr.)

TERIN, Mustafa (Assist. Prof. Dr.)
UZUN, Sat1 (Assoc. Prof.)
UREMIS, ilhan (Prof. Dr.)
YAGMUR, Mehmet (Prof. Dr.)
YAVIC, Adnan (Assist. Prof. Dr.)
YILDIRIM, Ertan (Prof. Dr.)
ZENGIN, Mehmet (Prof. Dr.)

Yayin Koordinatorleri (Typesetting)

Van Yiiziincii Y1l University, Faculty of Sciences, VAN

Isparta Applied Sciences University, Faculty of Agriculture, ISPARTA
Burdur Mehmet Akif Ersoy University, Faculty of Science and Letters, BURDUR
Ondokuz Mayis University, Faculty of Agriculture, SAMSUN

Tekirdag Namik Kemal University, Faculty of Agriculture, TEKIRDAG
Akdeniz University, Faculty of Agriculture, ANTALYA

Selguk University, Faculty of Agriculture, KONYA

Van Yiiziinci Y1l University, Faculty of Agriculture, VAN

Isparta Applied Sciences University, Faculty of Agriculture, ISPARTA
Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Van Yiiziincii Y1l University, Faculty of Engineering, VAN

Cankirn Karatekin University, Kizilirmak Vocational School, CANKIRI
Van Yiiziincii Y1l University, Faculty of Engineering, VAN

Tekirdag Nanuk Kemal University, Faculty of Agriculture, TEKIRDAG
Selguk University, Faculty of Agriculture, KONYA

Dicle University, Faculty of Agriculture, DIYARBAKIR

Hatay Mustafa Kemal University, Faculty of Agriculture, HATAY
Harrran University, Faculty of Agriculture, SANLIURFA

Igdir University, Faculty of Agriculture, IGDIR

Ege University, Faculty of Agriculture, IZMIR

Ege University, Faculty of Agriculture, IZMIR

Van Yiiziincii Y1l University, Faculty of Agriculture, VAN

Erciyes University, Faculty of Seyrani Agriculture, KAYSERI

Hatay Mustafa Kemal University, Faculty of Agriculture, HATAY
Kirsehir Ahi Evran University, Faculty of Agriculture, KIRSEHIR

Van Yiiziincii Y1l University, Gevas Vocational School, VAN

Atatiirk University, Faculty of Agriculture, ERZURUM

Selguk University, Faculty of Agriculture, KONYA

Web Sorumlusu (Internet Office)

Ars. Gor. M. Resit KARAGECILI
Ziraat Yiiksek Miihendisi Yekbun ALP
Ziraat Yiiksek Mithendisi Yagmur YILMAZ

Ars. Gor. M. Resit KARAGECILI
Ziraat Yiiksek Mithendisi Yekbun ALP
Ziraat Yiiksek Miihendisi Yagmur YILMAZ

Yayin Tiirii (Publication Type)

Uluslararas: Siireli Bilimsel Yayn (International Scientific Periodical)

Yonetim Yeri ve Yazisma Adresi (Correspondence Address)
Van Yiiziincii Y1l Universitesi, (Agriculture Faculty) Ziraat Fakiiltesi, Zeve Yerleskesi, 65080, VAN

Cilt (Volume): 29

Telefon (Phone)

+90 (432) 2251056; 2251024

Kapak Fotografi: Ars. Gor. Ahmet SEPIL

Say1 (Number): 4 Aralik (December) 2019

Belgegecer (Fax)
+90 (432) 2251104

e-posta (e-mail)
yyujagrsci@gmail.com

internet adresi: http://dergipark.gov.tr/yyutbd

ISSN 1308-7576  e-ISSN 1308-7584

Basildig1 Yer ve Tarih (Press and Date) : Efe Kirtasiye, Aralik (December) 2019, VAN

“Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi” énceden yayinlanan “Yiiziincii Y1l Universitesi Ziraat
Fakiiltesi Tarim Bilimleri Dergisi” ve “Yiiziincii Y1l Universitesi Ziraat Fakiiltesi Dergisi’nin devamidar.
Previous names of the journal: “Yuzuncu Y1l University, Agriculture Faculty Journal of Agriculture
Sciences” and “Yuzuncu Y1l University, Journal of Agriculture Faculty”


mailto:yyujagrsci@gmail.com

Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi Cilt 29, Say1 4, 31.12.2019

(YYU Journal of Agricultural Science)

Yiiziincii Y1l Universitesi
Tarim Bilimleri Dergisi

http://dergipark.gov.tr/yyutbd |

Arastirma Makalesi (Research Article)

Yapragi Yenen Sebzelerdeki Mikroorganizma Tirlerinin MALDI-TOF MS (Matris
Destekli Lazer Desorpsiyon/Iyonizasyon Ucus Siiresi Kiitle Spektrometresi) Teknigi

Kullanilarak Tanilanmasi

Aysun UYSAL™?, Sener KURT", Soner SOYLU!, E. Mine SOYLU'?, Merve KARA!

'Hatay Mustafa Kemal Universitesi, Ziraat Fakiiltesi, Bitki Koruma Boliimii, 31060, Hatay, Tiirkiye
Hatay Mustafa Kemal Universitesi, Bitki Saghgi Klinigi Uygulama ve Arastirma Merkezi, 31060, Hatay,

Tiirkiye

*Sorumlu yazar e-posta: aysunuysal31(@gmail.com, aysunuysal48@windowslive.com

Makale Bilgileri

Gelis: 01.10.2019
Kabul: 15.11.2019
Online Yaymlanma 31.12.2019
DOI: 10.29133/yyutbd.627850

Anahtar kelimeler
MALDI-TOF MS,
Mikroorganizma,
Taze sebze,

Tani1

Oz: Gida kaynakli fungal ve bakteriyel patojenler giderek taze meyve ve
sebzelerle iliskilendirilmektedir. Taze {iretilen bitkilerin  bakteriyel
kolonizasyonu, dig dokuda yiiksek seviyelerde olusabilir, ancak bitki dokusu
icerisinde bakteriler de tespit edilmektedir. Hatay ilinin Defne ve Antakya
ilgelerinde farkli sebze pazarlarindan marul, 1spanak, lahana, roka, nane,
maydanoz, dereotu, pirasa gibi yaprakli sebzeler toplanmistir. Mikrobiyolojik
analizler icin patates dekstroz agar, nutrient agar ve kanli agar besi yerleri
kullanilmistir. Bu mikroorganizmalarin tanilanmasi, fenotipik karakterler ve
matris destekli lazer desorpsiyon/iyonizasyon ugus siiresi kiitle spektrometresi
(MALDI-TOF MS) teknigine dayali olarak gergeklestirilmistir. MALDI-TOF
MS analizi sonucuna gore mikroorganizmalarin dagilimi incelendiginde, tiir
diizeyinde 60 adet ile en fazla bakteri tiirleri tanilanirken, bunu 4 adet fungus ve
1 adet maya izlemistir. En fazla mikroorganizma tiirii marul 6rneklerinden elde
edilmistir. Cins diizeyinde dagilimlar1 incelendiginde; 9 tiir ile Pseudomonas
basta gelirken, bunu 5 tiir ile Lactobacillus, 4 tiir ile Acinetobacter ve 2 tiir ile
Klebsiella, Citrobacter, Enterobacter, Lysinibacillus, Pantoea 1 tiir Bacillus, 1
tiir Escherichia coli, 1 tir Exiguobacterium cinsleri izlemistir. Mikroorganizma
tiirlerinin koloni yogunluklar1 incelendiginde, en yogun koloni Pseudomonas ve
Acinetobacter cinsine ait tiirlerde belirlenmistir. En az koloni yogunlugu
funguslarda goézlenmistir. Calisma sonucunda Salmonella sp, Klebsiella
pneumoniae, Escherichia coli, Bacillus cereus, Klebsiella oxytoca tiirleri insan
saglig1 i¢in en tehlikeli tiirler olarak bulunmustur.

Identification of Microorganism Species in Leafy Vegetables Using MALDI-TOF MS
(Matrix Assisted Laser Desorption / Ionization Mass Spectrometry) Technique
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Abstract: The foodborne fungal and bacterial pathogens are increasingly
associated with fresh fruit and vegetables. Bacterial colonization of fresh
produce plants can occur to high levels on the external tissue but bacteria are
detected within plant tissue. Leafy vegetables such as lettuce, spinach, cabbage,
rocket, mint, parsley, dill, and leek were collected from different vegetable
markets in the counties of Defne and Antakya of Hatay province. Growing
media potato dextrose agar, nutrient agar and blood agar media were used for
microbiological analysis. Their identification were performed based on
phenotypic characters and matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS) technique. According to the results
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of MALDI-TOF MS analysis, when the distribution of microorganisms was
examined, the most common bacterial species were identified with 60 species at
the species level, followed by 4 fungi and 1 yeast. The most common
microorganism species were obtained from lettuce samples. When the
distribution of species level is examined; firstly, 9 species with Pseudomonas, 5
species with Lactobacillus, 4 species with Acinetobacter and 2 species with
Klebsiella, Citrobacter, Enterobacter, Lysinibacillus were obtained and
Pantoea one species Bacillus, one species Escherichia coli, one species
followed by Exiguobacterium genera. When the colony density of
microorganism species was examined, the most intensive colony was
determined in the species belonging to the genus Pseudomonas and
Acinetobacter. At least colony density was observed in fungi. In result,
Salmonella sp, Klebsiella pneumoniae, Escherichia coli, Bacillus cereus,
Klebsiella oxytoca species were found to be very dangerous species for human
health.

1. Giris

Tiiketim kolaylig1 nedeniyle taze sebzelerin insan beslenmesinde 6nemli rol oynadig
bilinmektedir. Ayrica bu tip iiriinler islem gérmemesi nedeniyle besin degerleri agisindan da oldukga
ragbet gérmektedir. Genel olarak dis goriiniisiine bakilarak satin alinan taze sebze hasat edildikten
sonra ¢esitli etkenlerle degisiklige ugradigindan duyusal ve beslenme kalitelerinde diislis
goriilmektedir. Bu etkenler arasinda en dnemlisi mikroorganizmalarin tiiri ve yogunlugudur. Bu
sekilde, mikroorganizmalar kimyasal ve fiziksel kaliteyi de etkileyerek taze sebze ve meyvelerin
yenilemez hal almasina neden olmaktadirlar. Pseudomonas, Erwinia, Xanthomonas, Flovabacterium
Alcaligenes, Acinetobacter, Leuconostoc, Lactobacillus Enterobacter, Micrococcus, Serratia ve
Streptococcus, Salmonella, Shigella, Escherichia coli, Yersinia, Listeria dogal mikrofloray1 olusturan
bakterilerdir. Cryptococcus, Candida, Rhodotorula ve Sporobolomyces sebzelerde tanimlanan maya
cinslerini ve Cladosporium, Aureobasidium, Aspergillus, Penicillium, Phoma, Botrytis, Fusarium,
Epicoccum ve Geotrichum mikrofloradaki kiifleri olusturur (Roberts ve ark., 1998; Lund ve ark.,
2000).

Sebzeler, beslenmeyi ve sagliga yararlarini azaltan ¢ok ¢esitli mikroorganizmalar1 baridirir,
bdylece taze veya az islenmis sebzelerin tiiketimi ile iligkili insan enfeksiyonlarinin yayginlig: artar.
Taze sebze tiiketimiyle iligkili gida kaynakli hastaliklarin salginlari, taze iiriin talebindeki artisa bagh
olarak artmistir. Bu sebzelerin Salmonella sp, Shigella sp, E. coli O157: H7, Listeria monocytogenes
ve Campylobacter sp. dahil olmak iizere gesitli bakteriyel patojenlerle tarladan tiiketime kadar gesitli
noktalardan herhangi bir sekilde bulagabilmektedir (Beuchat, 2002; Sengun ve ark., 2004;
Vandekinderen ve ark.,2008). Bu etkenlerden bazilari, gida arzinin kiiresellesmesi, ithalat yoluyla
patojenlerin yeni cografi alanlara girisi, aritilmig atik su, bitkisel {iretim igin giibreleme, sulama ve
cesitli tarimsal uygulamalar ve hasat sonrasi uygulanan isleme teknikleridir. Cogu sebze isleyicisi ve
tilkketicisi, taze sebzeleri yikamanin yiizeylerindeki mikrobiyal yiikii azaltacagini varsaymakla birlikte,
caligmalar, suyun tek basina yikamanin taze sebzelerde mikrobiyal popiilasyonu azaltmada etkili
olmadigi (Ayhan ve ark., 2011), buna karsihk UV-C (2.83 kJ/m?) radyasyon uygulamalarinin
mikrobiyal enfeksiyonlar1 engellemede etkili oldugu gosterilmistir (Kasim ve Kasim, 2016).

Insanlarin tiiketimine yonelik bitkilerin mikrobiyal kontaminasyonu, gida giivenligi ve insan
sagligl i¢in artan bir endise kaynagini olusturmaktadir. 1996 yili gida giivenligi i¢in Oncii bir yil
olmustur. Escherichia coli O157: H7 (EcO157: H7), ¢ogunlukla okul ¢agindaki ¢ocuklardan olusan
10.000 kisiden fazla insanin hastalia yakalanmasina neden olmustur. 2011 yilinda Hamburg'da
Escherichia coli (EHEC) O104: H4 ile kontamine olan iirlinlerin tiikketimi ile ilgili 2011 salginlari,
bitkilerle iligkili biiylik ¢apli hastalik salginlarinin 6rneklerinden sadece biridir (Mellmann ve ark.
2011). Yillik halk sagligr salginlar1 konusunda yapilan ¢alismalar, son yillarda hastalik salginlariin
hem sayr ve hem de boyutlarmin arttigin1 ortaya koymustur (Sivapalasingam ve ark., 2004). Bu
salginlarin siklikla tespit edildigi iiriinler, hepsi minimal iglemden gegirilerek tiiketilen yaprakli yesil
bitkiler, kavunlar, filizler, lizlimsii meyveler, domates ve yesil sogan bitkileridir.
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Insan patojeni bakteriler arasinda yer alan Enterococci, Serratia, Enterobacter ve Salmonella,
bitkilerde hastalida neden olma egilimi olduk¢a yiiksektir (Hasnain ve ark.,, 2015).
Stenotrophomonas'm (Sharma ve ark., 2014), Burkholderia ve Pantoeanm farkli bitki patojeni tiirleri
insan patojenleri olarak gelismektedir (Kirzinger ve ark., 2011). Baz1 bitki endofitleri, s6zgelimi
Cryptococcus gattii (Sharma ve ark., 2014), Streptomyces tiirleri, Klebsiella pneumonia, Morganella
morganii ve Pantoea agglomerans bitkilerde ¢ogunlukla belirti olusturmazlar, ancak klinik anlamda
onem tasimaktadirlar (Kirzinger ve ark., 2011). Rhizopus arrhizus, Alternaria alternata, Fusarium
oxysporum, Aspergillus flavus ve Microascus cinereus, insanlar1 enfekte etmek ilizere degisiklige
ugramis fungal bitki patojenleridir (Sharma ve ark., 2014). Bazi patojenlerin patojenisitelerini
belirleyen faktorler, hem bitkiler hem de insanlar i¢in bilinirken, digerleri ya bilinmemekte ya da
sadece tek bir konuk¢u durumunda tanimlanmaktadir. Kirzinger ve ark. (2011), hastaliga neden olan
faktorlerin yan1 sira bircok ¢apraz hastaligin (hem bitkiler hem de insanlar) birgok enfeksiyon hedef
alanimi aydinlatmiglardir.

Gida ve cevre endiistrisi, tip ve tarim gibi alanlarda halk saghgmi tehdit eden
mikroorganizmalarin saptanmasi ve miktarlarinin belirlenmesi konusunda yeni ve giincel molekiiler
tekniklerin gelistirilmesi 6énemlidir (Taskin, 2017). Kiitle spektrometresinin (MS) kesfinden bu yana
mikroorganizmalar i¢in, hiicre yiizey proteinlerinin profillemesine dayanan cok sayida tanmimlama
yontemi gerceklestirilmistir. Bunlardan birisi olan Matris yardimli lazer desorpsiyon/iyonizasyon ugus
stiresi kiitle spektrometresi (MALDI-TOF MS), tiim hiicre analizini esas alarak mikroorganizmalarin
protein parmak izine dayanarak hizli tanimlanmasi, tiplendirilmesi ve siniflandirilmasi alaninda umut
verici uygulamalara sahip en giivenilir araglardan birisi olarak ortaya ¢ikmistir. Giliniimiizde, ticari
MALDI sistemleri, biyolojik arastirma caligmalar1 i¢in oldugu gibi, klinik tipta, biyoteknoloji ve
endiistride tanisal uygulamalar i¢in de erisilebilir durumdadir (Carolis ve ark., 2012; Chalupova, ve
ark., 2014). Aspergillus, Fusarium, Penicillium veya Trichoderma gibi bircok fungal cins tiyeleri ve
ayn1 zamanda klinik 6rneklerden ¢esitli mayalar (6rn., Candida albicans) MALDI-TOF MS tarafindan
basartyla tamimlanabilmistir. Bu cihaz, ¢ogunlukla protein seviyesinde ribozomal proteinleri tespit
edebilmektedir.

Ulkemizde ve diinyada yapilan calismalarda da goriilecegi gibi yapragi yenen sebzelerde
onemli derecede mikrobiyolojik sorunlarin oldugu bilinmektedir. Bununla birlikte bu tespit edilen
mikrobiyolojik sorunlarin, ne tiir etmenler tarafindan olusturuldugunu belirlemek biiyiik 6nem arz
etmektedir. Bu mikrobiyolojik tiirlerin teshisinin hizli, ucuz ve giivenilir bir sekilde gerceklestirilmesi,
sorunlarin ¢oziimii noktasinda en oOnemli asamay1 olusturmaktadir. Artik giliniimiizde analiz
calismalarinda kullanilan son teknolojik cihazlar, tan1 ve teshiste son derece Onemlidir.
Universitemizde kurulan Bitki Saghig1 Klinigi Uygulama ve Arastirma Merkezi biinyesinde bulunan
son derece hizli, teknolojik ve giivenilir bir cihaz olan MALDI TOF MS (Matrix asisted laser
desorption ionization- time of flight mass spectrometry) ile mikrobiyal analizlerin yapilmasi, hem
bilimsel hem de uygulamaya yonelik olarak 6nemli sonuclar ortaya koymustur.

Bu c¢alisma, Hatay iline farkli sebze satis yerlerinden alinan bazi yapragi yenen sebze
tiirlerinin (marul, 1spanak, lahana, roka, nane, maydanoz, dereotu, pirasa) i¢ ve dis dokularindan elde
edilen mikroorganizmalarin fenotipik karakterler ve MALDI-TOF MS teknigini kullanarak
tanimlamak amaciyla gergeklestirilmistir.

2. Materyal ve Yontem

Arastirma, Hatay ilinin Antakya ve Defne ilgelerinde 2018 yilinin farkli aylarinda, marul,
1spanak, lahana, roka, nane, maydanoz, dereotu ve pirasa gibi yapragi yenen sebzelerin satisa
sunuldugu semt pazari, manav ve sebze satis reyonu bulunan marketlerde inceleme, gozlemler ve
analizler sonucu yapilmistir. Materyal olarak, marul, 1spanak, maydanoz, dereotu, nane, roka, lahana,
pazi, pirasa sebzeleri kullanilmigtir. Yapragi yenen sebzelerdeki mikroorganizma tiirlerini tespit etmek
i¢in 6rneklemeler yapilmaistir.

2.1. Orneklerin toplanmasi

Hatay ilinin Antakya ve Defne ilgelerinde 2018 yilmin farkli aylarinda (ocak-nisan ve ekim
aralik) marul, 1spanak, lahana, roka, nane, maydanoz, dereotu ve pirasa gibi yapragi yenen sebzelerin
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satisa sunuldugu semt pazari, manav ve sebze satig reyonu bulunan marketlerde inceleme ve gozlemler
yapilmistir. Semt pazarlarinda, iriin ¢esitliligi bol olan en az 5 pazarci tezgihi belirlenerek bu
tezgahlardan &rnek alimlart yapilmistir. Ornek alma ydntemi, tesadiifi drnekleme ydntemine gore
yapilmustir. Farkli tiir ve gesitlere ait, temiz, tilketime hazir olarak sunulan bitki 6rnekleri alinip plastik
torbalara konulmus ve tizerine, her bir 6rnek i¢in alinan yer, bitki tiirii kaydedilmistir. Alinan tiim
ornekler, bozulmayacak sekilde sogutucu icerisinde analiz igin laboratuvara transfer edilmistir.

2.2. Mikroorganizma tiirlerinin izolasyonu

Laboratuvara getirilen sebze 6rnekleri, 6nce 100 ml tuzlu su (saline buffer) ve sonra 100 ml
steril su ile farkl steril kaplarda yikanmustir. 10! ve 102 seyreltme seviyelerinden 150pl siispansiyon
almarak, bakteri ve maya gelisimi i¢in Nutrient agar (NA), fungus gelisimi i¢in ise patates dekstroz
agar (PDA) besi yeri igeren petri kaplarina aktarilmistir. Ayrica, alinan sebze drneklerinden dokular
ezme ve inkiibe etme yontemi kullanilarak analiz ¢aligmalar1 yapilmistir. Bu amagla, ilk 6nce sebze
orneklerinden 25 g tartildiktan sonra stomacher posetlerinde 225 ml tamponlanmis peptonlu su
igerisinde pargalanmistir. Pargalanan bitki dokulari, 37°C’ de 24 saat slireyle zenginlestirme islemine
tabi tutulmustur Bu siirenin sonunda daha 6nce hazirlanip Petri kaplarina dokiilen Nutrient agar ve
Kanli agar besi yerlerine, baget araciligiyla ekim yapilmistir. Ekimi yapilan tiim petriler, bakteri
gelisimi i¢in 28-30°C sicaklikta 24-48 saat, kif gelisimi igin ise; 24-25°C sicaklikta 4-5 giin
inkiibasyona birakilmistir.

2.3. MALDI-TOF MS cihazi ile mikroorganizma tiirlerinin tamilanmasi

Elde edilen bakteri, maya ve fungus izolatlarinin tani islemleri, Hatay Mustafa Kemal
Universitesi Bitki Sagligi Klinigi Uygulama ve Arastirma Merkezi’nde bulunan MALDI-TOF MS
(Matrix Assisted Laser Desorption lonization- Time of Flight Mass Spectrometry, Bruker Daltonics
GmbH, Bremen, Almanya) Mikroorganizma Tanimlama cihazi kullanilarak gergeklestirilmistir. Bu
asamada, saf bakteri ve fungus kiiltiirlerinden protein izolasyon islemi i¢in etanol-formik asit yontemi
kullanilarak on ekstraksiyon islemleri yiriitiilmiistiir. Daha sonra Cihazin flex kontrol yazilim
programi (Biotyper 3.0; Microflex LT; Bruker Daltonics GmbH, Bremen, Germany) ile elde edilen
spektrumlar, Maldi Biotyper Real-Time Classification (RTC) yazilimi ile karsilagtirilarak tani islemi
stirdiiriilmiistiir. Analiz sonucunda, yiiksek olasilikli tiir teshisi; 2 000-3 000 (yesil renk), cins
diizeyinde ve muhtemel tiir diizeyinde teshis; 1 700-1 999 (sar1 renk) arasindaki skala degerleri
kullanilarak degerlendirilmistir (Carolis ve ark., 2012; Chalupova, ve ark., 2014; Kara ve ark., 2017;
Uysal ve ark., 2018).

2.4. Tiirlerin yogunluklarinin belirlenmesi

Farkli taze sebze satis noktalarindan toplanan &rneklerden laboratuvar kosullarinda Patates
dekstroz agar, Nutrient agar ve Kanli agar besi yerleri kullanilarak izole edilen fungus ve bakterilerin
besi yerlerindeki koloni sayimlari yapilmistir. izolasyon sirasinda her bir bitki tiiriinden 3 petri olacak
sekilde ekim yapilmistir. Bu petriler bakteri gelisimi i¢in 28-30°C sicaklikta 24-48 saat, kiif gelisimi
i¢in ise 4-5 giin siire sonunda her bir petrideki olusan mikroorganizma tiirleri sayilarak belirlenmistir.
Elde edilecek tiim veriler, SPSS istatistik programinda varyans analizine tabi tutularak ortalamalar,
Duncan ¢oklu karsilastirma testine gore (P>0.05) karsilastirilmastir.

3. Bulgular
3.1. Orneklerin toplanmasi ve mikroorganizma tiirlerinin izolasyonu

Calismanin yiiriitiildiigii Antakya semt pazari, Serinyol semt pazari, Sebze hali ve farkli
marketlerin sebze satis reyonu bulunan bdliimlerinde 2018 yilinin farkh tarihlerinde (ocak-nisan ve
ekim aralik) marul, 1spanak, maydanoz, dereotu, nane, roka, lahana, pazi, pirasa seklinde sebzelerden

ornekler alinmustir. Bu bitkilerden yapilan izolasyonlar sonucunda farkli mikroorganizma tiirleri besi
yerlerinde gelisme gostermistir. Inkiibasyon sonucunda yaklagik 100 adet bakteri ve maya kolonisi

601



YYU TAR BIL DERG (YYU J AGR SCI) 29 (4): 595-603 )
Uysal ve ark.. / Yaprag: Yenen Sebzelerdeki Mikroorganizma Tiirlerinin MALDI-TOF MS (Matris Destekli Lazer Desorpsiyon/Iyonizasyon Ugus Siiresi Kiitle
Spektrometresi) Teknigi Kullanilarak Tanilanmasi

Nutrient besi yerinde, 20 adet fungus kolonisi PDA besi yerinde gelismistir. Bu koloniler igerisinden
farkli tiirde bakteri ve funguslardan olusan toplam 65 adet tiir saflagtirilmistir.

3.2. MALDI-TOF MS teknigi ile mikroorganizma tiirlerinin tanilanmasi

MALDI-TOF MS analizi sonucu mikroorganizmalarin dagilimi incelendiginde, tiir diizeyinde
60 adet ile en fazla bakteri tiirleri tanilanirken, bunu 4 adet fungus ve 1 adet maya izlemistir. Sebze
tiirleri olarak en fazla marul drneklerinde olmak iizere 14 adet bakteri 2 adet fungus ve 1 adet ise maya
tiird tanilanmistir. Bunlari ise 1spanak, dereotu, maydanoz ve lahana ornekleri takip etmistir. En az
mikroorganizma tiiriiniin roka bitkisinde oldugu tespit edilmistir. MALDI-TOF MS analizlerinde skor
degerleri incelendiginde ise 49 tir yiiksek olasilikli, 16 tiir muhtemel olasilikli olarak
degerlendirilmistir. (Cizelge 1).

Cizelge 1. Yapragi yenen sebze Orneklerinde belirlenen mikroorganizmalarin MALDI TOF MS

sonuglart.
N MALDI
Mikroorganizma tiirii = = —§ % < g TOF
g g E = 2 £ g = MS
= zZ = o & e S degeri
Pseudomonas gessardi + 2.021
Pseudomonas marginalis + 1.908
Pseudomonas kilonensis + 1.849
Pseudomanas brassicacearum + 2.385
Pseudomanas antarctica + 2.205
Pseudomanas tolaasii + 1.928
Acinobacter johnsonii + + + + + + 2.226
Pantoea agglomerans + + + 2.300
Acinetobacter schindleri + 1.921
Pseudomonas putida + 1.745
Acinetobacter Iwoffii + 2.386
Lactobacillus ruminis + 2.094
Bacillus megaterium + 2.145
Acinetobacter radioresistens + 1.900
Alternaria alternata + 2.000
Cladosporium sp. + 1.913
Geotrichum silvicola + 1.760
Lactobacillus delbrueckii ssp lactis + + 1.924
Lactobacillus sakei ssp carnosus + + 1.924
Aeromonas veronii + + + 2.010
Aeromonas bestiarum + 1.998
Klebsiella oxytoca + 2.310
Bacillus cereus + + + + 2.005
Lysinibacillus boronitolerans + 2.098
Lysinibacillus fusiformis + 2.124
Enterobacter cloacae + + + + + + 2.100
Aspergillus niger + + 2.098
Pseudomonas lundensis + 2.124
Exiguobacterium sp + 2.378
Citrobacter braaki + 2.000
Aeromonas caviae + 2.218
Enterobacter asburiae + 2.210
Acinetobacter pittii + 2.100
Acinetobacter bereziniae + 2.010
Pseudomonas cedrina ssp cedrina + 2.021
Aeromonas sobria + 2.312
Enterobacter hormaechei + 2.030
Klebsiella pneumoniae + + 2.098
Escherichia coli + + + 2.120
Salmonella sp. + + + 2.220
Enterococcus casseliflavus + 2.124
Bacillus altitudinis + 2.378
Citrobacter freundii + 1.925
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Mikroorganizmalarin cins diizeyinde dagilimlar incelendiginde; 9 tiir ile Pseudomonas basta
gelirken, bunu 5 tiir ile Lactobacillus, 4 tir ile Acinetobacter ve 2 tir ile Klebsiella, Citrobacter,
Enterobacter, Lysinibacillus, Pantoea ve birer tiir ile Bacillus, bir tiir Escherichia coli,
Exiguobacterium ve Salmonella cinsleri izlemistir. Bunlar i¢erisinde insan saglig1 agisindan son derece
tehlikeli olarak kabul edilen Escherichia coli, Salmonella sp., Klebsiella pneumoniae, Klebsiella
oxytoca, Bacillus cereus, Citrobacter freundii, Enterobacter cloacae, Aeromonas caviae ve
Aeromonas sobria tiirleri basta gelmektedir. Yapragi yenen sebze tiirleri acisinda incelendiginde ise
insan saglig1 agisindan tehlikeli ve yaygin tespit edilen mikroorganizma tiirleri maydanoz, ispanak ve
lahana bitkilerinde bulunmustur. (Cizelge 1). Calisma sonucunda elde dilen tiim tiirler dikkate deger
sekilde insan saglig1 agisinda tehlike olusturma potansiyelleri bulunmaktadir.

3.3.Tiirlerin yogunluklarinin belirlenmesi

Mikroorganizma tiirlerinin koloni yogunluklari incelendiginde, en yogun koloni Pseudomonas
ve Acinetobacter cinsine ait tiirlerde belirlenmistir. En az koloni yogunlugu ise funguslarda
gbzlenmistir. Bakteriyel mikroorganizmalardan Salmonella sp, Klebsiella pneumoniae, Escherichia
coli, Bacillus cereus ve Klebsiella oxytoca tiirleri insan sagligi i¢in oldukga tehlikeli tiirler olmasi
dolayist ile az miktarda koloni yogunluklarina sahip olmalar1 bile dikkate deger diizeyde olarak
degerlendirilmistir. Mikroorganizma tiirlerinin koloni yogunluklar1 sebze tiirlerine gore incelendiginde
ise, koloni yogunluklar1 fazla olan mikroorganizma tiirleri marul, dereotu, maydanoz, ispanak gibi
sebzelerde tespit edilmistir. (Cizelge 2).

Cizelge 2. Mikroorganizma tiirlerinin yaprag1 yenen sebze tiirlerine gore koloni yogunluklar1 (cfu/ml)

No Mikroorganizma Tiirleri Koloni Yogunluklar (cfu/ml) Sebzeler Tiirleri

1 Pseudomonas gessardi 433+0.81 Marul

2 Pseudomonas marginalis 163.3+3.3s Marul

3 Pseudomonas syringae 185.0£1.0t Marul

4 Pseudomonas synxantha 23.0+l4eg Marul

5 Pseudomonas kilonensis 101.67+0.8 op Marul

6 Pseudomanas brassicacearum 35.0£0.6 h Marul

7 Pseudomanas antarctica 22.67+1.4 d-g Marul

8 Pseudomanas tolaasii 55.0+0.6 ki Marul

9 Acinobacter johnsonii 64.67£2.6 m Marul, Roka, Ispanak, Dereotu
10 Exiguobacterium sp. 88.0+£0.6 n Marul

11 Enterobacter cloacae 23.0£1.5e-g Marul, Pirasa, lahana, maydanoz
12 Janthinobacterium lividum 7.67+1.4 a Marul

13 Pseudomonas stutzeri 16.3£1.4 c-f Marul

14 Pantoea agglomerans 62.0+£2.71 m Marul, Dereotu

15 Pseudomonas pertucinogena 35.0+0.6 h Marul

16 Alternaria alternata 63+l4a Marul

17 Cladosporium sp. 15.67 £1.4 c-e Marul

18 Pseudomonas lundensis 99.0+1.0 0 Maydanoz

19 Citrobacter braaki 42.67 0.6 i Maydanoz

20 Salmonella sp. 50.3 £0.6 jk Lahana, Marul, Maydanoz
21 Acinetobacter bereziniae 103.67 £0.8 op Dereotu

22 Pseudomonas cedrina ssp cedrina 66.0 £2.5 m Dereotu

23 Aeromonas sobria 55.67 £0.6 k1 Dereotu

24 Lactobacillus delbrueckii ssp lactis 64.0+1.4m Ispanak

25 Lactobacillus sakei ssp carnosus 66.67 £1.4 m Ispanak

26 Aeromonas veronii 88.0£0.6n Ispanak, Maydanoz

27 Colletotrichum gloeosporoides 5.67+x14a Marul

28 Acinetobacter schindleri 54.0 £0.6 k Marul

29 Geotrichum silvicola 15.0+1.4cd Marul

30 Pseudomonas putida 106.67 £0.8 p Marul

31 Acinetobacter Iwolffii 44.67+1.01 Marul

32 Lactobacillus ruminis 51.3+0.6 jk Marul

33 Bacillus megaterium 114.3+40.8r Marul

34 Acinetobacter radioresistens 66.67 £2.5 m Marul

35 Klebsiella pneumoniae 17.67 £1.4 c-g Lahana, Pirasa

36 Escherichia coli 15.0+1.4 cd Lahana, Marul, maydanoz

*Siitun i¢inde farkl harflerle gosterilen ortalamalar Duncan Coklu Karsilagtirma Testine (p=0,05) gore birbirinden énemli 6l¢iide farklidir.
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4. Tartisma ve Sonug¢

Taze tiiketilen farkli sebze tiirleri, bitki dokusunun i¢inde ve yiizeyinde bir¢ok
mikroorganizma tiirlinii barindirmaktadir. Banglades’te yaygin olarak {iretilen ve tiiketilen sebzelerde
mikrobiyolojik tiirlerin belirlenmesi amaciyla yiiriitiilen bir arastirma sonucunda hemen hemen tiim
sebze Orneklerinin bakteri ve mantarlarla asir1 derecede bulasik oldugu belirlenmistir. Patojenler
arasinda Klebsiella spp., Staphylococcus spp. ve Pseudomonas spp. cinslerinin baskin oldugu tespit
edilmistir. Ayrica, Klebsiella spp., Pseudomonas spp., Bacillus spp., Listeria spp., Escherichia coli ve
Vibrio spp. dahil olmak iizere plantasyon topraklar1 ve giibrelerde énemli 6lglide mikrobiyal artisin
oldugunu gozlemislerdir. Bu ¢alismadan elde edilen veriler mikroorganizma tiirleri bakimindan bizim
calismamizi destekler niteliktedir. (Alam ve ark., 2015).

Bitki patojeni fungal tiirlerden Aspergillus, Fusarium, Aureobasidium, Alternaria, Bipolaris,
Cladosporium, Colletotrichum, Coniothyrium, Corynespora, Curvularia, Exserohilum, Lasiodiplodia,
Macrophomina, Microascus, Mycoleptodiscus, Neoscytalidium, Phaeoacremonium, Phoma,
Ulocladium, Mucor, Rhizopus ve Rhizomucor’un ayni zamanda insanlarda; siniis, travma, akciger
enfeksiyonlari, felg, kulak iltihabi, g6z enfeksiyonlari, deri hastaligi, bulasict enfeksiyonlar, kornea
iltihab1, beyin uru, karin zari iltihabi, g6z i¢i iltihabi, siniizit, deri ve yumusak doku iltihabi, bagisiklik
yetersizligi, lenf doku uru, 16semi, seker hastaligi gibi hastaliklara neden oldugu bildirilmigtir. Bu
calismadan elde edilen birkag fungus tiirii (Gauthier ve Keller, 2013), calismamizda elde edilen
Cladosporium, Colletotrichum, Aspergillus, Alternaria fungus tiirleri ile benzerlik gostermistir. Klinik
orneklerinden izole edilen baskin patojen olan Exserohilum rostratum (telemorf: Setosphaeria
rostrata), ¢ayir bitkileri ve seyrek olarak insanlar1 enfekte eden dematiaceous bir fungustur. Bu salgin,
fungal patojenlerin hem bitkileri hem de insanlar1 enfekte edebilme potansiyelini vurgulamaktadir.
Cogu patojen, toprak saprofitidir ve Ascomycota ve Mucormycotina subelerinde yer alan funguslar
igerirler.

Bazi firsatg1 insan patojenleri, ornegin Burkholderia cepacia kompleksinin iiyeleri olan
Pseudomonas aeruginosa ve Enterobacter cloacae (Entc), bitki patojenleri olarak kabul edilir ve uzun
siiredir bitki ile iliskili olarak kabul edilmektedir (Barak ve Schroeder, 2012). Insan patojeni bakteriler
arasinda yer alan Enterococci, Serratia, Enterobacter ve Salmonella, bitkilerde hastaliga neden olma
egilimi oldukca yiiksektir (Hasnain ve ark., 2015). Stenotrophomonas'in (Sharma ve ark., 2014),
Burkholderia ve Pantoeanin farkli bitki patojeni tiirleri insan patojenleri olarak gelismektedir
(Kirzinger ve ark., 2011). Bu nedenle bitkilerde hastalik yapan patojenlerin insanlarda da hastalik
yapabilecegi ortaya ¢ikmis bir durumdur.

Gida kaynakli patojenlerden Escherichia coli, taze 1spanak ve marul gibi sebzelerle giderek
daha fazla iligkilendirilmektedir (Wright ve ark., 2013). Taze iiretilen bitkilerin bakteriyel
kolonizasyonu dis dokuda yiiksek seviyelerde olusabilir, ancak bitki dokusu igerisinde bakteri de tespit
edilmistir.

Diinyanin farkl iilkelerinde bu sekilde elde edilen bakteri, fungus ve maya mikroorganizma
tirlerinin tanmilanmasinda kullanilan 6zellikle hiz, giivenilirlik ve ucuz maliyetli olmas1 bakimindan
onem arz eden MALDI TOF MS cihaz ile tammlanmas1 ¢alismamizi, diger iilkelerle paralel calisma
yapilmasina olanak saglamis ve giivenilirligini arttirmistir. Benzer sekilde Hausdorf ve ark. (2013),
1spanak isleme tesislerindeki 1spanak yikama sularindan 6rnekler almiglar ve alinan su 6rneklerinden
mikrobiyolojik izolasyonlar yapilmis ve elde edilen mikroorganizmalar MALDI TOF MS cihaz ile
tanilanmustir.

Bu calismada elde edilen bulgularda, Hatay ili agisindan taze tiiketilen sebzelerin satisinin
yapildig1 pazar, manav ve marketlerde yapragi yenen sebze tiirlerindeki mikrobiyolojik tiirler ve
yogunluklar1 belirlenmistir. Calismanin en énemli bilimsel yaygin etkisi, bitkiler ve tarimsal iiretim
sistemindeki ilgili diger ¢evre arasindaki mikroorganizmalarin degisimiyle ilgili farkindalik
yaratilmigtir. Bununla birlikte insan patojeni ve bitki patojeni mikrobiyal tiirler arasindaki etkilesime
yeni bilimsel bir bakis kazandirilmistir. S6z konusu tiirlerin Matrix asisted laser desorption ionization-
time of flight mass spectrometry (MALDI TOF MS) cihaziyla tanilarinin yapilmasi ile bu alanda
calisan aragtiricilara 6nemli bir veri saglamaktadir. Calisma sonunda elde edilen verilerle, bitkilerdeki
insan patojeni fungus ve bakterilerin tiir tanilar1 ortaya konmus ve bitkilerdeki insan patojeni bu
mikroorganizmalarin miicadelesine yonelik tarimsal uygulamalar ve sanitasyon iglemleri
onerilmektedir. Tarla ya da bahgeden hasat edilen yapragi yenen sebzelerin pazar ve hallere
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gotiirilmeden O6nce temiz ¢esme suyu olarak kabul edilebilecek bir suyla yikanarak topraktan
arindirilmalidir.
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Abstract: The effects of ozone gas on the color, pH and gelatinization properties
of dry and moisturized bread wheat grain with and without bran were investigated
in present study. Dry and wetted grain samples were ozonated for 2 hours at 18°C.
Ozonation increased the brightness for both dry and wet grains with and without
bran. Presence of high moisture caused more increase in brightness for samples
without bran after ozonation. Ozone gas decreased redness of wheat grains with

Keywords and without bran. Moisturizing caused the more decrease in redness for samples
Bran, without bran after the ozone process. Ozonation of dry wheat grains both with
Bread wheat, and without bran resulted in yellowness decrease, while wet wheat grains both
Moisturizing, with and without bran were not affected by ozonation process. Ozone gas caused
Ozonation the sharp decrease in the pH value of grain samples especially in the presence of
moisture. Onset and peak temperatures of ozonated wheat grains with bran
increased significantly for both dry and wet samples while the enthalpy was
reduced only for wet sample with bran. However, any significant change in onset
temperature, peak temperature and enthalpy was not determined for both dry and
moisturized wheat grains without bran after ozonation process.
Ozonlamanin Kepekli/ Kepeksiz Kuru ve Nemlendirilmis Ekmeklik
Bugday Taneleri Ozellikleri Uzerine Etkileri
Makale Bilgileri Oz: Bu calismada, ozon gazimin, kepekli ve kepeksiz kuru ve nemlendirilmis
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Anahtar kelimeler
Kepek,

Ekmeklik bugday,
Nemlendirme,
Ozonlama

ekmeklik bugday tanesinin renk, pH ve jelatinlesme 6zellikleri iizerine etkileri
incelenmigtir. Kuru ve nemli tane ornekleri 18°C’de 2 saat ozonlanmustir.
Ozonlama, kepekli ve kepeksiz hem kuru hem de nemli tanelerin parlakligini
arttirmistir. Yiiksek nem orani, kepegi olmayan numunelerde ozonlamadan sonra
daha fazla parlaklik artisina neden olmustur. Ozon gazi, kepekli ve kepeksiz
bugday tanelerinin kirmizilik oranimi azaltmistir. Nemlendirme islemi,
ozonlamanin kepegi olmayan numunelerin kirmizilik oraninda daha fazla
azalmaya neden olmustur. Kepekli ve kepeksiz kuru bugday tanelerinin
ozonlanmas: sarilik oraninin azalmasina neden olurken, kepekli ve kepeksiz
nemli bugday taneleri ozonlama isleminden etkilenmemistir. Ozon gazi, 6zellikle
nem varliginda, tane orneklerinin pH degerlerinde keskin bir diisiise neden
olmustur. Kepege sahip ozonlanmis bugday taneciklerinin baslangic ve tepe
sicakliklart hem kuru hem de nemli numuneler i¢in onemli Glgiide artarken,
entalpi sadece kepekli nemli numuneler i¢in azalmistir. Bununla birlikte,
ozonlama isleminden sonra hem kuru hem de nemlendirilmis bugday taneleri i¢in
baslangic sicakligy, tepe sicakligi ve entalpi iizerinde 6nemli bir degisiklik tespit
edilmemistir.
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1. Introduction

Ozone, O3, is the triatomic form of oxygen. It has various applications as a powerful oxidant
based on having high reactivity and penetrability, additionally its spontaneous decomposition to a
nontoxic product (Khadre et al., 2001; Mahapatra et al., 2005). Ozone applications on water treatment
is widespread around the world. Ozone has been used both to treat the drinking water (von Gunten,
2003a and 2003b; Chand et al., 2007; Kasprzyk-Hordern et al., 2006) and to improve wastewater
treatment units, such as sedimentation, chemical or biological oxidation processes (Beltran et al., 2001).

Ozone was regarded as a strong antimicrobial agent for food processing in Japan, France, and
Australia and then, in 1997, it was approved as generally recognized as safe (GRAS) by the Food and
Drug Administration (FDA) of the U.S. Nowadays, the food industry has been interested considerably
in ozone use to extend the shelf-life and to provide the safety of foods (Rice et al. 1982; Graham, 1997,
Kim et al., 1999; Kim et al., 2003; Catal and 1banoglu, 2010). On the other hand, there is a limited
number of research on ozonation of food materials, especially cereals and cereal-based products. In the
past studies, ozone was generally used to inactivate microrganisms or prevent their growth by washing
with ozonated water and storage under ozone gas for cereal (wheat, barley, maize) grains and flours
(Naito and Takahara, 2006; Allen et al., 2003; Wu et al., 2006; 1banoglu, 2001 and 2002; Kells et al.,
2001; Mendez et al., 2003). In recent years, studies about the effects of ozonation on the many properties
of macromolecules (starch, protein, etc.) such as structure, physico-chemical, thermal, pasting, flow,
gelatinization properties has been becoming popular (Catal and ibanoglu, 2012a; 2012b; 2013 and 2014,
Uzun et al., 2012; Catal, 2015).

Further research is required not only to observe the benefits and limitations of ozone use
applications in cereal industry, but also to understand the changes in the properties of ozonated cereals.
The purpose of present study is to investigate the effect of 0zone use on the physical (moisture content
and color), chemical (pH) and gelatinization properties of whole bread wheat grains together with the
presence and absence of bran based on the dry and moisturized forms. The results obtained by present
study will lead to better understanding of the basic changes in the cereals when ozonated.

2. Material and Methods
2.1. Wheat grain samples

Whole hard wheat grains with bran and without bran were used as raw materials. The bread wheat
(Triticum aestivum L.) samples from Southeastern Anatolia Region were obtained from commercial
miller in Gaziantep, Turkey.

2.2. Moisturizing of wheat samples

200g of hard wheat grain samples with and without bran were immersed into 400mL distilled water
for 0, 1, 2, 3, 5, 6 and 7 hours at room temperature to improve the diffusion of ozone gas into grain
samples. After the rough water was removed the samples, they were milled to obtain wheat flour.
Moisture contents were determined by moisture analyzer (Metler Toledo, MJ33 Moisture analyzer,
Switzerland). Moisturizing or wetting time was determined according to the maximum moisture content
of grain sample to prevent it converting into the paste (the grain paste was not suitable for further
experiments). Wetting times were determined as Shr for bread wheat grain with bran due to difficulty in
impermeability of bran and 2 hr for bread wheat grain without bran.

2.3.Ozonation of wheat samples

Ozone gas was provided by an ozone generator (OMS Model Ozone Generator, Izmir, Turkey) using
the coronal-discharge method. There is a mixing part, a degasser for removing of undissolved ozone in
water, a redox control (ORP) system and an integrated oxygen unit using atmospheric air in the
generator. It has a maximum ozone production capacity of 60.0 g h'!l. Gas is directed from the generator
to a glass bottle by a connection whose end was equipped with a gas disperser (Fig. 1). Both dry and
wetted grain samples were ozonated in the special glass gas bottle by ozone gas for 2 hours at 18°C
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temperature and moisture contents of ozonated samples were determined by moisture analyzer. An
unozonated samples were used as control samples.

Ozone gas (05) % » Ozone gas (03)
3,

: M

"1

0s

B = ——> Bread wheat grains
(dry/ wet)

Figure 1. Schematic diagram of glass gas bottle for ozonation.
2.4. Color measurement

Color values of all control and ozonated bread wheat grains with bran and without bran were
measured with a HunterLab ColorFlex (A60-1010-615 Model Colorimeter, Hunter lab, Reston VA). A
white standard plate (Lo = 93.01, a,=-1.11, b,= 1.30) was used to calibrate the colorimeter. Duplicate
measurements for L, a, and b were done where L is the brightness coefficient from dark (0) to bright
(), a is the coefficient from green (-) to red (+) and b is the coefficient from blue (-) to yellow (+).

2.5. pH measurement

The pH values of control and ozonated bread wheat samples with bran and without bran were
determined by a pH-meter (Hanna instruments, pH 211, Microprocessor pH-meter, Portugal). All pH
analyses of starch samples were carried out in duplicate.

2.6. Thermal measurement by Differential Scanning Calorimetry (DSC)

Control and ozonated bread wheat samples with bran and without bran were analyzed using DSC
(Perkin-Elmer DSC 6 equipped with a Pyris software, Perkin-Elmer Inc., Wellesley USA). 50ul of wheat
flour-water suspension (1:9 ratio of dry sample to water) was placed into a DSC pan with a micropipette.
An empty pan was used as reference. The samples were heated at a rate of 5°C min™ from 5 to 150°C
using nitrogen flushing (40mL min™). The starch gelatinization characteristics (onset temperature, To,
peak temperature, Tp and enthalpy, AH) were calculated by the software provided by the DSC system.
Samples were analyzed in duplicate.

2.7. Statistical analysis

Statistical analysis (SPSS 13.0 software for Windows) was performed to compare the experimental
results under the ozone treatment and untreated control by using a one-factor analysis of variance
(ANOVA). All experimental values are at least mean of duplicate determination. In order to determine
the data that are significantly different from each other, Duncan multiple range test method was applied.
Trends were considered significant when means of compared parameters differed at P<0.05 significance
level.

3. Results and Discussion
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3.1. Moisture content properties as preliminary study

Table 1 shows the moisture content values of bread wheat grains with and without bran. There is
not a significant difference between moisture contents of control dry grain samples (5.98%) and
ozonated dry grain samples with bran (5.95%) (£>0.05). Similar values were determined for dry grain
samples (5.35%) and ozonated dry grain samples without bran (5.41%) (P>0.05). However, after 5 hr
wetting process for grain with bran (33.42%) and 2 hr wetting process for grain without bran (34.75%)
increased the moisture content significantly as an expected result (P<0.05). After ozonation of wetted
grain samples with bran (20.19%) and without bran (21.02%), moisture content decreased significantly
due to moisture migration from the grain body into the air (P<0.05). The aim of wetting process is to
determine the effect of ozone gas diffusion on the properties of wheat grain samples for further
experiments.

Table 1. Moisture content values of control and ozonated bread wheat samples

Bread wheat grain with bran without bran
Moisture content of controls (%) 5.98+0.05° 5.35+0.09°
Moisture content 5.95+0.06* 5.41+0.09*

after ozonation- no wetting (%)

Moisture content 33.424+0.10° 34.75+0.08°
after wetting (%)

Moisture content 20.19+0.06° 21.02+0.07°
after wetting and ozonation (%)

Values followed by the different letter in the same column are significantly different (P<0.05). Means (+ standard deviation)
are based on duplicate analyses.

3.2. Color characteristics

The measured values of control and ozonated wheat grain samples were demostrated in Table 2.
According to these data, L value, 77.60, of wheat with bran increased, while a value, 3.48, decreased
significantly for both dry and wetted samples after ozonation (P<0.05). b value, 15.57, for dry wheat
grain with bran decreased after ozone gas application (P<0.05). However, there is not any significance
change for wetted wheat grain with bran after ozonation (P>0.05). Beside this, L value, 79.90, of dry
wheat grain without bran increased significantly after ozonation (P<0.05). On the other hand,
moisturizing process for wheat grain without bran caused the increase in L value significantly after
ozone gas application to sample (P<0.05). Similarly, a value, 3.09, decreased after ozonation for dry
samples without bran and more decreased in the presence of moisture for wet samples without bran
(P<0.05). b value, 23.08, for dry wheat grain without bran decreased after ozone gas application
(P<0.05). However, there is not any significance change for wetted wheat grain without bran after
ozonation (P>0.05).

L value which is the brightness coefficient from dark to bright, was increased after ozonation for
both dry and wet grains with and without bran. Beside this, presence of high moisture caused more
increase in brightness for samples without bran after ozonation. a value which means the coefficient
from green to red, was decreased for wheat grains with and without bran due to ozonation in present
study. Moisturizing caused the more decrease in redness for samples without bran after the ozone
process. b value is the coefficient from blue to yellow. Ozonation of dry wheat grains both with and
without bran resulted in yellowness decrease, while wet wheat grains both with and without bran
containing high moisture were not affected by ozonation process. A high value for brightness for starch
are widely accepted by the consumer (Gani et al., 2010; Ikegwu et al., 2010; Thao and Noomhorm,
2011). Ozone gas or its aqueous form has the ability to decolorize some food components by oxidizing
the pigments (Ibanoglu, 2002). In the present study, the color of ozonated bread wheat samples
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especially moisturized ones could meet the consumer bread preference due to the higher brightness
caused by ozone oxidation.

Table 2. Color and pH parameter values of control and ozonated bread wheat samples

Bread wheat grain L a b pH

Wheat with bran (control) 77.60+0.142 3.484+0.02¢ 15.57+0.15° 6.14+0.09¢
“Wheat with bran” ozonated 81.33+0.09¢ 2.83+0.03° 13.60+0.10* 5.70+0.05¢
“Wheat with bran” wetted and ozonated 81.18+0.13¢ 2.57+0.05° 15.45+0.11b  2.4840.05°
Wheat without bran (control) 79.90+0.08° 3.09+£0.03°  23.08+0.014¢  6.36+0.08¢
“Wheat without bran” ozonated 82.31+0.12¢  2.24+0.04° 19.61+0.09¢  3.77+0.04°

“Wheat without bran” wetted and ozonated 84.08+0.13¢ 1.30+0.022 22.02+0.013¢ 2.26+0.052

Values followed by the different letter in the same column are significantly different (P<0.05). Means (+ standard
deviation) are based on duplicate analyses.

3.3.pH properties

The pH values were determined for bread wheat grain samples (Table 2). It was observed that pH
values of control samples with bran (6.14) and without bran (6.36) are very near neutral value. However,
ozonation process caused the sharp decrease in the pH’s of grain samples with bran and without bran
especially in the presence of moisture (2.48 and 2.26) (P<0.05). pH value of dry grains with bran had
less decrease due to impermeability of bran surface for ozone gas diffusion into product. The pH value
is a measure of the acidity or basicity of a solution that has an important effect on both growth and
metabolism of microorganisms. Each microorganism has an optimum pH for its growth. The internal
pH of cells is near neutrality. If the cytoplasmic pH is sufficiently reduced, growth no longer is possible
and the cell eventually dies (Erkmen and Bozoglu, 2008). A low microbial population is important for
the quality of wheat. The ozonation process can eliminate contamination by bacteria and fungi during
wheat flour production and can provide safer bread by reducing pH.

3.4. Thermal gelatinization properties by DSC

The values of starch gelatinization characteristics of control and ozonated wheat grain samples were
shown in Table 3. It was determined that onset temperatures (60.12°C) and peak temperatures (67.89°C)
of ozonated wheat grain samples with bran increased significantly for both dry (To: 61.78 °C; Tp: 68.47
°C) and wet samples (To: 63.02 °C; Tp: 68.99 °C), while the enthalpy to supply complete starch
gelatinization was reduced only for wet sample with bran (AH: 3.9229j g!) (P<0.05). However, any
significant change in onset temperature, peak temperature and enthalpy was not determined for both dry
and wheat grains without bran after ozonation process (P>0.05). Presence of bran together with
ozonation caused to change in gelatinization characteristics, while absence of bran did not have any
effect on the gelatinization properties.

Untreated control wheat starch thermograms were shown in Fukuoka et al.’s study (2002). The first
peak for starch was observed at 55-75 °C for all samples in the moisture content ranging from 3.0 to
0.54 (g water g starch™) according to the results of that research. Besides this, transition temperatures
and also enthalpy of endothermic peaks of flours (wheat, corn, rice, potato, etc.) heated in the presence
of excess water (70%, w/w) were presented by another study (Liu et al., 2006). In present study, these
range was confirmed for control wheat grain samples both with and without bran. Chan et al. (2011)
investigated the effects of oxidation of dry powder starch by ozone gas use for 1-10 min to see the
thermal property change. However, no differences were noted in gelatinization temperatures and
gelatinization enthalpies of all ozone oxidized starches compared to unmodified starch. This may be due
to inadequate ozonation time and/or absence of moisture. Because water holds more ozone than air and
ozone needs to remain in the water long enough to disperse fully (Tiwari et al., 2010), this greatly
increases the ozone penetration into the starch granule.
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Table 3. Gelatinization characteristic values of control and ozonated bread wheat samples

Bread wheat grain T, (°C) T, (°C) AH (jgh

Wheat with bran (control) 60.12+0.172 67.89+0.23% 4.6169+1.09°
“Wheat with bran” ozonated 61.78+0.21° 68.47+0.30° 4.6260+0.95°
“Wheat with bran” wetted and ozonated 63.02+0.25° 68.99+0.28¢ 3.9229+0.89*
Wheat without bran (control) 59.99+0.19* 67.11£0.19* 4.4160+1.05°
“Wheat without bran” ozonated 60.09+0.25% 66.99+0.21% 4.4285+1.01°
“Wheat without bran” wetted and ozonated 60.11+0.242 67.05+0.192 4.4954+1.13°

Values followed by the different letter in the same column are significantly different (P<0.05). Means (+ standard deviation)
are based on duplicate analyses.

4. Conclusion

In present study, ozonation increased the brightness for both dry and wet grains with and without
bran, while decreasing the redness. Presence of moisture in bread wheat grains without bran caused
ozonation to be more effective on those color characteristics. Ozonation of dry wheat grains both with
and without bran resulted in yellowness decrease, while wet wheat grains both with and without bran
were not affected. Ozone gas caused also the sharp decrease in the pH values of grain samples with bran
and without bran especially moisturized ones. The onset and peak temperatures of ozonated dry and
moisturized wheat grain samples with bran increased, while reducing the enthalpy just for wet grains
with bran. However, any significant change in onset, peak temperatures and enthalpy was not
determined for both dry and wheat grains without bran after ozonation. Presence of bran together with
ozonation caused to change in gelatinization characteristics, while absence of bran did not have any
effect on the gelatinization properties.
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Abstract: In this study, it is aimed to determine the variables affecting the
willingness of farmers to participate in Good Agricultural Practices in
Kahramanmaras. For this purpose, a survey was conducted with 236 farmers in
Kahramanmaras Merkez, Pazarcik and Tiirkoglu districts. Binomial Logit model
was applied to the data obtained in order to reach the aim of the study. As a result
of the model, a positive correlation between the number of household individuals,
non-agricultural employment status and clean or dirty status of the production
area and the frequency of land presence and the frequency of interview with
provincial / district directorates of Ministry of Agriculture and Forest It was. The
number of households with a high number of households, low agricultural assets
and non-agricultural jobs should be given knowledge about Good Agricultural
Practices to the farmers.

1. Giris

Tarim sektorii, hizla artan niifusun gida ihtiyacinin karsilanmasi, tarima dayali sanayiye
hammadde temini, niifusun belirli bir boliimiine is imkani sunmasi, dis ticaretin gelistirilmesi gibi
nedenlerle stratejik 6neme sahiptir. Bu sektorde geleneksel yontemlerle yapilan iiretim, sanayi devrimi
ve mekanizasyonun gelismesiyle yerini modern iiretime birakmigtir. Bu siiregte toplumlar, {iretimde
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verimlilik artis1 saglayarak gida gereksinimlerini karsilamanin yani sira tarima dayali sanayiye
hammadde temin etmis, dis ticaretin gelismesine katkida bulunmuslardir.

Diinya niifusunun hizla artmasi ve bu niifusun giyinme, barmma ve beslenme gibi temel
ihtiyaglarinin kargilanmasi i¢in tarimsal iiretimde birim alandan alinan {irliniin artmasini zorunlu hale
getirmistir. Buna paralel olarak sanayinin her gegen giin gelismesi ve tarimda makinelesme ile birlikte
tarimsal {iretimde verimi artirmak amaciyla giibre, ilag gibi kimyasal girdi kullanimi1 da artmistir.
1970’li yillarda dogal kaynaklar tasiyamayacagindan fazla yiikle yiiklenerek kirletilmistir. Dogal
kaynaklar1 kaybetme riskiyle karsilasan insanoglu, birim alandan alinan iiriin miktarimni artirma ile
dogal kaynaklarin siirdiiriilebilirligi saglama arasinda tercih yapmak zorunda kalmistir (Hasdemir,
2011).

Dogal dengenin bozulmasi ile birlikte insan, bitki ve hayvan saghgi da tehlikeye atilmigtir.
Bunun sonucunda entansif tarim faaliyetlerinin yogunlagsmasiyla birlikte ortaya ¢ikan riskler, bilim
cevreleri, kamu kurum ve kuruluslan ile sivil toplum kuruluglarimi tarimsal iiretim yontemlerinde
farkli arayislara yonlendirmistir (Ersun ve Arslan, 2010). Bu farkli arayislar arasinda organik tarim,
ekolojik tarim ve iyi tarim gibi yontemler sayilabilir (Tiirkmen, 2007). Bu yontemlerden biri olan Iyi
Tarim Uygulamalari (Good Agricultural Practices), Birlesmis Milletler Gida ve Tarmm Orgiitii’ne
(FAO) gore “Tarimsal iiretimin {iretim ve pazarlama asamalarinin izlenilebilir, siirdiiriilebilir ve kirsal
bolgelerdeki kalkinmaya yarayishh olarak uygulanmasi diisliniilen sistemleridir” seklinde
tamimlanmaktadir (Anonim, 2019a). Ayrica lyi Tarrm Uygulamalari, ciftcileri, pazara diger bir
ifadeyle tiiketicilere yonelik giivenilir tarim iirlinlerini iiretmeye tesvik etmeyi amaglamaktadir
(Pongvinyoo, 2015). Iyi Tarim Uygulamalar1; planl olarak gerceklestirilen ve iiretimin baslangicindan
sonuna kadar her asamasinin kayith olmasi, AR-GE g¢aligmalarinin siirdiiriilmesi, elde edilen iiriinlerin
piyasaya sunulmasi ve tiiketicilerin giivenilir gidalara giivenle ulasabilmeleridir (igel, 2007).

Son yillarda ¢evre korumaya yonelik politikalarin olusturulmasi, iiretici ve tiiketicilerin
bilinglenmesi, sivil toplum kuruluglarinin saglik ve ¢evrenin Onemine vurgu yapan etkinlikler
diizenlemesi lyi Tarim Uygulamalarmin 6nemini artirmaktadir. Uriin verimini artirirken dogal
kaynaklar1 ve gelecek nesilleri diisiinmeden uygulanan tarim ydntemlerinin yerini insan, bitki, hayvan
ve cevreye zarar vermeyen sistemlerin almasi, insanligin gelecegi i¢in atilmig énemli adimlardandir
(Dogan, 2017).

Diinyada 2015 yili itibariyle GLOBALGAP kapsaminda 120 {ilkede, 160452 sertifikali iiretici
bulunmaktadir (GLOBALGAP Annual Repor, 2015). Diinyadaki kita ve bolgelere gore en fazla paymn
Avrupa’ya (65.4) ait oldugu goriilmektedir. Avrupa’yr sirasiyla Giliney Amerika (%11.7), Afrika
(%11.2) ve Asya (%9.3) takip etmektedir. En az pay ise Kuzey Amerika (%1.4) ve Okyanusya (%0.9)
iilkelerine aittir. Iyi Tarim Uygulamalar1 Tiirkiye’de 2003 yilinda uygulanmaya 102 gifti ile
baglanmig ve 2017 yilinda sertifikali iiretici sayis1 72236 ciftgiye ulagsmistir (Anonim, 2019b).

Iyi Tarim Uygulamalar ile dogal c¢evrenin korunmasi ve gelistirilmesi, tarimsal iiretimde
kirliligin azaltilmasi ve bunun i¢in yasal Onlemler alinmasi, sanayi atiklarinin (6zellikle zehirli
kimyasal atiklarin) yiizey sulara drene edilmesinin engellenmesi, hayvanlarin (evcil/yabani) refahini
artiracak dogal ortamin hazirlanmasi, tarimsal {iretimde kullanilan girdilerin insan, bitki, hayvan ve
cevreye zarar vermeyecek diizeyde programlanmasi 6zellikle toprak, su, hava kirliliginin azaltilmas1
hedeflenmektedir. Bunun yani sira tiretimde verimliligin artirilmasi ve siirdiiriilebilirligin saglanmasi
da amaclanmaktadir.

Iyi Tarim Uygulamalan ile iireticiler, iiretilen iiriinlerin dis pazarda tercih edilmesi, ayni
rekabet kosullarinda diger {ireticilere gore {istlinlik saglamasi, perakendecilerle anlasmalarin
kolaylagmasi, giivenilir, kaliteli gidalarmn {iretilmesine imkén saglamasi, maliyetlerin azalmasi, tiretici
gelirinin artmas1 gibi faydalar saglamaktadirlar. Bu uygulamalar tiiketicilere, kaliteli, saglikli,
giivenilir {iriin tiiketme, gida kaynag1 hakkinda gerekli bilgiye sahip olma, gelecekte saglikli bir yasam
saglama giiveni, entansif {iriinlerle Iyi Tarim Uygulamalar1 sonucu iiretilen iiriinler arasinda tercih
yapabilme imkam verir. Iyi Tarim Uygulamalar1 perakendecilerin, sozlesmeli {iretim yapabilme,
tiiketicinin bu uygulamalarla {iretilen iiriinlere olan giiveni sayesinde talepte olan artis, liriinlerine daha
kolay pazar bulma, iiriinlerini daha kolay pazarlayabilme ve bu sayede gelirlerinde artis ile birlikte
yasam standartlarim yiikseltmelerini saglar. Ihracatgilar ise kaliteli, saglikli iiriin ile dis pazardan
aldiklar1 pay1 artirarak daha genis kitlelere hitap edebilirler. Gidanin izlenilebilirligi ve saglikla ilgili
risklerinin azaltilmasi ile artan talepler sayesinde daha fazla kar elde edebilirler. Iyi Tarim
Uygulamalar {iretici ve tiliketicilerin ¢evre bilincinin gelismesi, ¢evreye karsi sorumlugun artmasi,
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dogal yasamin ve biyolojik ¢esitliligin korunmasi, korumaci yoénetim planinin uygulanmasi gibi
faydalar saglamaktadir (Anonim, 2019b). Tiim bu faydalar Iyi Tarim Uygulamalarinin 6nemini
artirmaktadir. Tiirkiye’de Iyi Tarim Uygulamalarmin ekonomik, sosyal ve gevresel siirdiiriilebilirlik
acisindan degerlendirilmesi (Eryilmaz ve ark, 2019), bagcilikta (Alemdar ve ark., 2019), zeytin
yetistiriciliginde (Bayyigit, 2018) meyve bahgelerinde (Demirbas, 2019) yapilan uygulamalarin
sonuglarmin degerlendirildigi bircok calisma bulunmaktadir. Ulke genelinde yapilan calismalarin
sayisi artirilarak GAP’a katilan ¢iftci sayisini artirilmasina katki saglanacaktir.

Bu calismada Kahramanmaras ilinde giftgilerin Iyi Tarim Uygulamalarina katilma
istekliliklerini etkileyen degiskenlerin belirlenmesi amaglanmaktadir.

2. Materyal ve Yontem

Kartalkaya Barajiyla baslayip Sir Barajina kadar devam eden boliimdeki Aksu nehrinin gegtigi
Pazarcik, Kahramanmaras Merkez ve Tiirkoglu ilgeleri arastirmanin kapsamini olusturmaktadir. Aksu
nehri Karacay ve Erkenez caylari ile beslenmektedir. Arastirmada érnek hacmi “Oransal Ornekleme
Yontemi” (Newbold, 1995) ile 236 olarak belirlenmistir. Maksimum 6rnek hacmine ulagmak igin
p=0.5 almmalidir. 0.5’ten daha az veya daha yiiksek p degerleri 6rnek hacmini disiirmektedir.
Maksimum 6rnek hacmiyle ¢aligmak olas1 hatay1 azaltacagindan p=0.5 alinmistir.

__ N*p*d-p)
(N-D*o, +p*(1-p) W

Formiilde; n:Ornegin biiyiikliigiinii, N:Popiilasyondaki isletme sayisini, 6%:Oranmin varyansini,
r: Ortalamadan sapmay1 (%5), Za»: z cetvel degerini (1.645), p:isletme sayisinin popiilasyondaki
oranini gostermektedir.

o2 =Ly =295 6000924
rNg 1.645 2)

1912*0.5*0.5
n= =236 (3)
1911*0.000924 +0.5*0.5

Burada %90 giiven araliginda (z = 1.645) ve ortalamadan %5 sapma ile anket yapilacak 6rnek
isletme sayis1 236 olarak hesaplanmustir.

2.1. Binomial Logit modeli

Smirli Bagimli Degisken Modelleri’nden logit model, bagimli degiskenin iki durumu
gostermesi halinde kullanilmaktadir. Bu modellerde bagimhi degisken bir durumun gerceklesmesi
halinde “1”, ger¢eklesmemesi halinde ise “0” degerini almaktadir (Gujarati, 2006). "Logit modelde
bagimli degisken, dlgiilebilir ve kukla bagimsiz degiskenlerle iliskilendirilir." (Miran, 2018)

P =EY=1|X,)=a+pX,

“)
1
P =EY, =1]|X,) =
1+e_(a+ﬁXi)
B 1
l+e 7 (5)
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Burada: Z, = a + X, dir (Gujarati 2006).
P, bagimsiz degiskenin i-nci bireyinin belirli bir tercihi yapma olasihigini ifade etmektedir.

Modelin kullanilabilirligi, k serbestlik derecesinde, Likelihood Ratio (LR (k)) testi ile test edilebilir
(Gujarati, 2006).

Logit modelde katsayilar dogrudan, bagimsiz degiskenlerdeki bir degisimin bagimli
degiskenin beklenen degeri lizerindeki etkisi olarak yorumlanamamaktadir. Katsaymnin isareti
bagimsiz degisken ile olayin gerceklesme olasiligl arasindaki iligkinin yoniinii gosterir. Modeldeki
bagimsiz degiskenlerin bir kismi, olaymn gergeklesme olasiligi (Iyi Tarim Uygulamalarina katilma
istekliligi) ile pozitif yonld, bir kismi ise negatif yonlii iligki icerisindedir. Logit modelde katsay1
yorumlarinin yapilabilmesi ig¢in bagimsiz degiskenlerin ortalamalar1 degerlendirmeye katilarak
marjinal etkiler hesaplanmaktadir:

Bu ¢alismada ciftgilerin Iyi Tarim Uygulamalarma katilma istekliliklerini etkileyen faktorler
ile Iyi Tarim Uygulamalar1 hakkindaki bilgi sahibi olmasini etkileyen faktdrlerin analiz edilmesi
amaciyla Binomial Logit Modeli kullanmilmistir. y=1 durumunda ¢ift¢inin {yi Tarim Uygulamalarina
katilmaya istekli, y=0 durumunda ise ¢ift¢inin Iyi Tarim Uygulamalaria katilmaya istekli olmadigini
ifade etmektedir. Bu amacla bagimsiz degisken olarak; yas, egitim, birey sayisi, arazi varligi, gelir,
tarim dis1 iste ¢calisma durumu, duyarlilik, kirli veya temiz bolgede liretim yapma durumu ve Tarim ve
Orman Bakanlig il/ilge miidiirliikleri ile goriigme siklig1 kullanilmustir.

3. Bulgular ve Tartisma

Ciftcilerin ortalama yaslar1 52.70 yil, tarimsal iiretim tecriibeleri ortalama 29.80 yil ve egitim
siireleri 6.65 yil olarak belirlenmistir. Ankete katilanlarin ailelerinde ortalama 4.71 birey bulunmakta
ve bu bireylerin 1.72’si tarimsal iiretimde fiilen ¢alismaktadir "Cizelge 1". Antalya ilinde giftcilerin
ailelerindeki birey sayis1 (4.33), Iyi Tarim Uygulamalarina katilmayanlarinkinden (4.51) diisiiktiir
(Sayin, vd., 2015). Cifteilerin geliri 700 TL/y1l ile 500000 TL/y1l arasinda degismekte olup ortalama
75102.27 TL/y1l, 2014 yilina ait bor¢ miktari ise ortalama 55093.46 TL olarak tespit edilmistir. Ankete
katilanlarin ortalama arazi varligi ise 188.19 da olarak hesaplanmigtir “Cizelge 1.

Cizelge 1.Ciftcilerin sosyo-ekonomik 6zellikleri

Degiskenler Min. Max. Ort. Std. Sapma

Yas (y1l) 20 77 52.70 12.61
Tecriibe (Y1l) 1 60 29.80 13.70
Egitim (Y1l) 0 15 6.65 2.98
Birey sayist (Kisi) 2 15 4.71 2.00
Tarimda galisan kisi sayisi 1 7 1.72 1.01
Gelir (TL/y1l) 700 500 000 75102.27 103913.54
2014 yilindaki borg¢ miktar: (TL) 100 600 000 55093.46 89174.09
Arazi varligi (da) 2 2 520 188.19 314.50

Ankete katilanlarin %89.0’unun sosyal giivencesi, %47.3’iiniin kooperatif ve %29.4’{iniin ise
iiretici birligine iiyeligi bulunmaktadir “Cizelge 2”. Tokat ilinde %69.0’u (Ikikat Tiimer, 2011a), TRAI
Bolgesinde (Erzurum, Erzincan ve Bayburt illeri) %28.7’si (ikikat Tiimer, 2011b) ve Samsun ilinde
ciftcilerin %59.0’u (Bayraktar, 2018) kooperatife iiyedir. Ciftcilerin %71.0’i tarim dis1 bir iste
caligmakta, %43.7 sinin borcu bulunmaktadir. Ankete katilanlarm %87.3’ii Iyi Tarim Uygulamalarina
katilmak istedigini ifade etmistir (Cizelge 2).

Cizelge 2. Ciftcilere ait baz1 6zellikler (%)

Ozellikler Hayir Evet
Sosyal giivence 11.0 89.0
Kooperatife tiyelik 52.7 473
Uretici birligine tiyelik 70.6 29.4
Tarim dis1 bir iste ¢alisma durumu 29.0 71.0
2014 yilna ait borg 56.3 437
Iyi Tarim Uygulamalarina katilma istegi 12.7 87.3
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3.1 Ciftgilerin Iyi Tarim Uygulamalan istekliliklerini etkileyen faktorlerin Binomial Logit
Modeli ile analizi

Ciftgilerin Iyi Tarim Uygulamalarina katilmalarinda istekli olmalarini etkileyen degiskenlerin
belirlenmesi amaciyla Binomial Logit Modelinden faydalanilmistir. Modelde Iyi Tarm
Uygulamalarina katilma isteyenler (y=1) ve istemeyenler (y=0) bagimli degisken olarak kullanilmustir.
Binomial Logit modelin LRy*(10)degeri (p=0.000) istatistiksel olarak modelin kullanilabilir oldugunu
gostermektedir “Cizelge 3”.

Analiz sonucuna gore istatistiki agidan Onemli olan degiskenler yorumlanmistir. Model
sonucuna gore Iyi Tarim Uygulamalarma katilma istekliligi ile hane halki birey sayisi, tarim dis1 iste
calisma durumu ve {iretim yapilan bolgenin temiz veya kirli olma durumu arasinda negatif yonlii, arazi
varligl ve Tarim ve Orman Bakanlig: il/ilge mudirliikleri ile goriisme siklig1 arasinda pozitif yonlii bir
iligki tespit edilmistir.

Ciftgilerin hane halki birey sayisi, Iyi Tarim Uygulamalarina katilma istekliligini negatif
yonde etkilemektedir. Bu durum istatistiki agidan énemlidir (p<0.10). Bu sonuca gore hane halki birey
sayis1 4 ve daha fazla olanlarin, 4 bireyden daha az olanlara gore Iyi Tarim Uygulamalarina katilma
istekliligi %8.2 azalmaktadir. Ciftcilerin ailelerindeki kisi sayisinin artmasi durumunda aile bireylerine
yapilacak olan harcamalarin artacag diisiincesiyle Iyi Tarim Uygulamalarina katilma konusunda
isteksiz davranmaktadirlar. Ankete katilanlar ailedeki birey sayisini ve onlarin gida, egitim gibi
masraflarini diisiinerek tasarruf egilimi igerisine girmektedirler “Cizelge 3”.

Ankete Kkatilanlarm arazi varligi (50-199 da ile 200 da ve daha fazla), Iyi Tarim
Uygulamalarina katilma istekliligini pozitif yonde etkilemektedir. Arazi varligi 50-199 da arasinda ve
200 da daha fazla olanlarin 50 da’dan daha az olanlara gére Iyi Tarim Uygulamalarma katilma
istekliligi sirasiyla 9%10.8 (p<0.05) ve %10.9 (p<0.10) fazladir. Kisaca arazi varlig1 biiyiik olan
isletmelerin kii¢iik olan isletmelere gére Iyi Tarim Uygulamalarina katilma istekliligi daha fazladir.
Arazi varlig1 50 dekardan fazla olan giftcilerin mevcut varliklarini garantiye almak istedikleri igin bu
tir faydal iiretim yontemleri ile daha fazla tiiketiciye ulasmak ve gelirlerini artirmak istemektedirler
“Cizelge 3”. Trakya bolgesinde de arazi biiyiikliigii arttikca Iyi Tarim Uygulamalar istekliliginin
arttig1 belirlenmistir (Aydin, ve ark., 2015)

Tarmm dis1 iste calisma durumu, giftgilerin Iyi Tarrm Uygulamalarina katilma istekliligini
negatif yonde etkilemektedir. Buna gore tarim dis1 iste ¢alisanlarin calismayanlara gore Iyi Tarm
Uygulamalarina katilma istekliligi %9.7 azalmaktadir (p<0.05). Tarim dis1 iste ¢alisanlar bu isten elde
ettikleri gelirlerine giivenmekte ve tarimsal iiretimde yenilikleri benimsemeyi istememektedirler
“Cizelge 3”.

Tanriverdi ve ark. (2010), Ceyhan Nehri havzasinin yiizey su kalitesini arastirmak amaciyla 3
aylik periyotlarla 31 istasyonda suyun 13 fiziko-kimyasal parametresini incelemisler ve analizler
sonucunda arastirma bolgesinin en yiiksek pH degeri ve en fazla iletkenlige sahip oldugunu
belirlemislerdir. Iletkenligin ve pH degerinin yiiksek olmasii ise sanayi atiklarinin, artan niifus ile
birlikte evsel atiklarin Erkenez gay1 ve Aksu nehrine drene edilmesi olabilecegini ifade etmislerdir. Bu
caligmanin sonuglarindan yola ¢ikilarak arastirma bolgesi kirli ve temiz olmak {izere ikiye ayrilmistir.

[yi Tarim Uygulamalarma katilma istekliligi ile temiz/kirli (kirli:0, temiz:1) bélgede iiretim
yapma durumu arasinda zit yonli bir etki séz konusudur. Bu durumda temiz bolgede iiretim
yapanlarm kirli bolgede iiretim yapanlara gore Iyi Tarrm Uygulamalarma katilma istekliligi %9.1
azaltmaktadir (p<0.05). Kirli bolgedeki ciftciler Iyi Tarim Uygulamalari, organik tarim gibi
uygulamalarla ¢evre kirliliginin azaltilmasi ya da 6nlenmesine katki saglayacaklarini diisiinmekte ve
Iyi Tarim Uygulamalarina katilmay1 istemektedirler “Cizelge 3”. Bu sonug Iyi Tarim Uygulamalarinin
hedefleri ile 6rtiismektedir. Diger bir ifadeyle Iyi Tarrm Uygulamalarmin dogal gevrenin korunmasi,
tarimsal iiretimde kullanilan girdilerin insan, bitki, hayvan ve g¢evreye zarar vermeyecek diizeyde
programlanmasi oOzellikle toprak, su, hava kirliliginin azaltilmasi hedeflerini desteklemektedir.
Ciftcilerin Tarim ve Orman Bakanligi il/ilce miidiirliikleri ile goriisme sikliklari, Iyi Tarim
Uygulamalarina katilma istekliligini pozitif yonde etkilemektedir. Cift¢ilerin Tarim ve Orman
Bakanhg il/ilge miidiirliikleri personeli ile goriisme sikligi arttikga ¢iftcilerin Iyi Tarm
Uygulamalarina katilma istekliligi %7.3 artmaktadir (p<0.01).

Iyi Tarim Uygulamalari, organik tarim gibi uygulamalarin yayilmasinda kurum ¢aliganlarinin
bu pozitif etkisi ile olumlu sonuglar alinabilecektir. Bu sonug Iyi Tarim Uygulamalariin gevrenin
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korunmasi, toprak, su ve hava kirliliginin azaltilmasi hedefine ulasmada olusturulacak politikalarin
yayilmasinda 6nemli paya sahip olacaktir.

Cizelge 3. Binomial Logit modelinin tahmini parametre degerleri ve modeldeki degiskenlerin marjinal etkileri

Bagimsiz Degiskenler Katsay1 Std. Marjinal Etki Std.
Hata Hata

Sabit 2.722% 1.396

Yas (yil) -0.023 0.019 -0.002 0.001

Egitim (<8:0, 8>:1) 0.705 0.575 0.062 0.045

Birey (<4:0, 4>:1) -0.939%* 0.527 -0.082* 0.040

Arazikat2 (50-199 da) 1.125%* 0.554 0.108** 0.051

Arazikat3 (200-+ da) 1.374* 0.773 0.109* 0.051

Gelir (TL/y1l) -0.791 0.579 -0.082 0.063

Tarim dis1 iste calisma -1.159%* 0.560 -0.097** 0.038

Duyarlilik -0.163 0.290 -0.016 0.028

Kirli / Temiz bolgede liretim yapma (Kirli -0.896%* 0.446 -0.091** 0.046

bolge:0, Temiz bolge:1 )

Tarim ve Orman Bakanlig il/ilge miidiirliikleri ile 0.746%** 0.267 0.073%* 0.026

goriisme siklig1

En yiiksek olabilirlik fonksiyonu -80.0355

LR »2 (10) 29.8277*

Not:***: %1, ¥*:%5, *:%10 diizeyinde anlaml1 oldugunu géstermektedir.

4. Sonug¢

Ciftgilerin Iyi Tarim Uygulamalarina katilmalarinda istekli olmalarini etkileyen degiskenlerin
belirlenmesi amaciyla Binomial Logit Modelinden faydalamilmistir. Analiz sonucuna gore Iyi Tarim
Uygulamalarma katilma istekliligi ile hanehalki birey sayisi, tarim disi iste ¢alisma durumu ve {iretim
yapilan bolgenin temiz veya kirli olma durumu arasinda negatif yonlii, arazi varligi ve Tarim ve
Orman Bakanligi il/ilce mudiirliikleri ile gorlisme siklig1 arasinda pozitif yonlii bir iliski tespit
edilmistir.

Gelecek nesillere yasanabilir bir diinya birakmak igin ¢iftgiler dogal ¢cevreyi korumak, toprak,
hava, su kirliligini azaltmak i¢in tarimsal faaliyetleri bilingli olarak yiirlitmek zorundadirlar. Ciftciler
stirdiiriilebilir olmayan ve sadece kar odakli faaliyetler yerine organik tarim, iyi tarim ve ekolojik tarim
gibi yontemleri tercih etmelidirler.

Ciftgilerin ailelerindeki kisi sayisinin artmasi ve isletmelerinin kiigiik olmasi durumunda
ciftgiler Iyi Tarim Uygulamalarina katilma konusunda isteksiz davranmaktadirlar. Tarim ve Orman
Bakanhg: il/ilge miidiirliikleri ile goriisme sikliklari arttikga Iyi Tarim Uygulamalarina katilma
istekliligi de artmaktadir. Bu nedenle aile birey sayisi fazla, kiigiik isletme sahibi olanlarla Tarim ve
Orman Bakanhigi il/ilge midiirliikleri ile goriisme sikliklari artirilmalidir. Ciftgilere bu kurum
aracihigtyla Iyi Tarim Uygulamalari, organik tarim ve ekolojik tarim gibi uygulamalar hakkinda bilgi
verilmelidir. Bunun yam sira tarimsal iiretimde yeniliklerin yayilmasi ve benimsenmesi asamasinda
Bakanlik personelinin yardimlar1 alinmalidir.

Arastirma sonuglarina gére toprak, su ve hava kirliliginin oldugu bélgelerde ciftciler Iyi Tarim
Uygulamalari, organik tarim gibi uygulamalarla gevre kirliliginin azaltilmasi ya da 6nlenmesine katki
saglayacaklarim diisiinerek Iyi Tarim Uygulamalarina katilmay1 istemektedirler. Toprak, su ve hava
kirliliginin heniiz tespit edilmedigi bolgelerde kirliligin tespit edilmesi i¢in gerekli calismalar
yapilmalidir. Ayrica kirliligin belirlendigi bélgelerdeki ciftcilere Iyi Tarim Uygulamalari ve organik
tarim gibi c¢evreye zarar vermeyen uygulamalar hakkinda bilgi verilmeli ve farkindalik
olusturulmalidir.
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Oz: Jipsli topraklar diinyada genis alanlara yayilmis olup jeolojik ve biyolojik
cesitlilik acisindan 6zel alanlardir. Jipsli alan habitatlar1 ve jeolojik yapisi, jips
iceriginden dolayr kirilgandir. Bu bolgeler, arazi kullanim degisiklikleri,
hayvancilik, otlatma, su kaynaklarmin asir1 kullanimi gibi insan faaliyetleri
tarafindan tahrip edilmektedir. Bu ¢alismada; Cankiri'daki jeolojik, ekolojik,
biyolojik ve paleontolojik bakimdan 6nem tasiyan jipsli alanlarin 2008-2014
yillar1 arasindaki peyzaj degisimi analiz edilerek, bdlgedeki jeolojik miras
alanlarma (dolin golleri gibi) ve hassas endemik bitki tiirlerine olan tehdidin
ortaya konulmasi amacglanmistir. Bu dogrultuda, 2008 yili icin ortofoto
goriintiileri ve 2014 yili i¢in Goktirk-2 uydu gorlntiileri kullanilmistir.
Caligmanin sonuglart tarim alani ve yerlesim alaninin arttigini, buna karsin
dolinlerin, mera ve ¢ayirlik-otlak alanlarin azaldigini gostermistir. Biyogesitlilik
ve jeolojik miras i¢in 6nemli olan jipsli bolgeler, kisa siirede bile ciddi zararlar
gorebilmektedir. Sonug olarak, jipsli topraklart korumak icin hizli bir sekilde
onlem almak gerekmektedir.
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Abstract: Gypsum soils spread over large areas in the world and are specific
areas in terms of geological and biodiversity. Habitats and geological structure
of gypsum region are fragile due to contents of gypsum. This regions is forced
by human activity such as land use changes, livestock grazing, overuse of water
resources. In this study; it is aimed to reveal the threats to the geological
heritage sites (such as dolin lakes) and sensitive endemic plant species in
gypsum region by analyzing the landscape change between 2008-2014 in this
region of Cankiri-Turkey where are important in terms of geological, ecological,
biological and paleontological aspects. In this direction, aerial photographs for
2008 and Goktiirk-2 satellite image for 2014 were used. The results of study
showed that increased agriculture areas and settlements, on the other hand
decreased dolines, grasslands and meadows. The gypsum regions, which are
important for biodiversity and geological heritage can suffer significant damage
even in a short period of time. Consequently, it is necessary to take immediately
measures to protect gypsiferous soils.
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1. Giris

Jipsli ana kayanin neden oldugu olumsuz fiziksel ya da kimyasal etkilerle birlikte, jipsli
topraklarin endojen ozellikleri nedeniyle, jipsofil bitki tiirleri, kurakliga kars1 su rekabetini azaltarak
nem stresini de azaltmaktadir. Bu noktada, bitki gelisimine elverisli olmayan c¢ogunlukla kurak
bolgelerdeki bir¢ok endemik tiirlin ekstrem kosullara sahip ¢iplak jipsli yapiya adapte olmasi, bitki
biyogesitliliginin artmasinda etkili olabilmektedir (Ketenoglu ve ark., 2000; Akpulat ve Celik, 2005;
Perez-Garcia ve ark., 2018). Bu ve benzeri etkenler neticesinde, bu topraklar, cok sayida endemik tiir
iceren essiz bitki topluluklarimi barindiran 6nemli bir ekolojik alan olma O6zelligi kazanmaktadir
(Yilmaz, 2012; Casby-Horton ve ark., 2015). Ozellikle otsu tiirlerin bir kismu, jipsli cografyalarda
fazlaca yayilis gosteren tehdit altindaki nadir, endemik topluluklardir (Palacio ve ark., 2007; Ozdeniz
ve ark., 2016). Myers ve ark. (2000), bir bolgenin biyogesitlilik sicak noktasi olabilmesi i¢in endemik
ve nadir bitki ya da hayvan tiirlerine ve habitat kaybiyla tehlikesine sahip olmak {izere iki 6nemli kosul
belirtmistir. Ornegin; Cankir1 ilinde yayilis gdsteren ve endemik bir tiir olan Nezaket kevkesi (Alyssum
nezaketiae), Doga Koruma ve Milli Parklar Genel Miidiirliigii tarafindan 2016 yilinda eylem plani
hazirlanarak koruma altina alinmistir (Sahin ve Simsek, 2016). Jipsli topraklara adapte olabilmis bitki
tiir say1sinin Avrupa, Asya, Avustralya ve Kuzey Afrika cografyalarmdaki dagilimina bakildiginda ise,
Tiirkiye’nin 173 tiirle Iran’dan sonra ikinci sirada geldigi goriilmektedir (Pérez-Garcia ve ark., 2018).
Ayrica jipsli alanlar, zengin florasi, essiz jeomorfolojik 6zellikleri ve barindirdiklart fosil yataklar
nedeniyle jeolojik ya da ekolojik miras olarak nitelenebilmektedir (Kazanci ve ark., 1999; Yilmaz,
2012; Casby-Horton ve ark., 2015).

Diinya’da hemen hemen biitiin kitalarda bulunmakla birlikte, jipsli topraklar en belirgin olarak
Afrika kitasinda yayilis gostermektedir. Afrika kitasini Giiney Asya ve Orta Asya izlemektedir.
Avrupa ve Kuzey Amerika ise jipsin en az yayilis gosterdigi kitalardir. Cin, Somali ve Cezayir
Diinya’daki jipsli alanlarin yaklasik olarak % 45'ine sahiptir. Tiirkiye'de ise jipsli topraklar 64.2 km?
alana yayilmistir ve Diinya’daki orami sadece % 0.1'dir (FAO, 2018). Tiirkiye'de jipsli olusumlarin
yayildig1 bolgeler oldukca dagimik ve genelde adalar seklindedir. Buna paralel olarak, jips karst1 da
olduk¢a yaygindir (Dogan, 2002). Jipsli topraklar Sivas, Erzincan, Kayseri, Malatya, Ankara,
Eskisehir, Afyon ve Cankiri-Corum bélgelerinde goriilebilmektedir (Ozdeniz ve ark., 2016).

Jipsli yapidaki karstik alanlarin en 6nemli olusumlarinin basinda ise dolin sahalar1 gelmektedir
(Sauro, 2003; Oztiirk ve ark., 2015). Tamim itibariyle dolinler; gaplar1 birkag metreden 1 km’ye kadar
degisiklik gosteren dairesel ya da yar1 dairesel karstik sekillerdir (Ford ve Williams, 2007). Dolinler
herhangi bir karstik boélgenin hidrojeolojik, tektonik ve jeomorfolojik gelisiminin agiklanmasi
bakimindan Onemli olusumlar olmasi nedeniyle titizlikle incelenmesi gereken nadir peyzaj
elemanlaridir. Ciinkii jeomorfoloji, topografya, iklim, yeralt1 suyu gibi bir¢ok faktdriin dolin golleri ve
cevresiyle olan etkilesiminden dolayi, bu géllerin dagilisi, morfolojisi ve yogunlugu siirekli gelisim ve
degisim gosterebilmektedir (Oztiirk ve ark., 2015). Yilmaz’a (2012) gére; dolinler kendine &zgii
karakteri, olcegi, giizelligi ve farklilif1 nedeniyle kiiresel dlgekte nadir 6rneklerden biridir ve dolin
sahalart; (1) topraklarin jeolojisini ve jeomorfolojisini tanimlama agisindan bilimsel, (2) benzersiz
manzaralarin olusturulmasi ve al¢inin karstifikasyon 6zelligi nedeniyle ziyaretgiler i¢in odak noktasi
olmas1 bakimimdan estetik, (3) zengin bitki oOrtiisii ve artan biyogesitliligi nedeniyle ekolojik 6neme
sahip olan ulusal ve uluslararasi diizeyde karakteristik alanlardir.

Tiirkiye’de jipsli alanlarin biyogesitlilik (Ketenoglu ve ark., 2000; Akpulat ve Celik, 2005;
Acar ve ark., 2012; Ozdeniz ve ark., 2016; Sahin ve Simsek, 2016) degeri disinda, ender karstik
olusumlar ve benzersiz peyzajlar sunmasi, bu alanlarin jeolojik miras degerini de ortaya koymaktadir
(Waltham, 2002; Dogan, 2005; Dogan ve Ozel, 2005; Y1lmaz, 2012). Ozellikle, Cankir1 ve civarindaki
bolgelerde bulunan siibsidans dolinleri en énemli jeolojik olusumlarin baginda gelmektedir. Bu tiir
dolinler tabandaki jipsin ¢dzlinmesine bagli olarak ylizeydeki oturmalar sonucu meydana gelen,
kendine 06zgl, jipsli karstik yapilardir (Dogan, 2002). Dolin goélleri ve buna benzer diger essiz
peyzajlarin 6nemine binaen, fosil bilimciler jips sahalarini paleontolojik bakimdan incelemekte ve
bircok memeli ve diger hayvan tiirleri hakkinda kesifler yapmaktadir (Kazanci ve ark., 1999; Mazzini
ve ark., 2013; Kaya ve ark., 2016). Bu da, jips sahalarmin (dolin gollerinin) paleontolojik miras
degerini ortaya koymaktadir.

Bu calismada jeolojik, ekolojik, biyolojik ve paleontolojik bakimdan &nem tasiyan jipsli
alanlardaki peyzaj degisiminin belirlenmesi yoluyla, bolgedeki dolin gdlleri gibi jeolojik miras
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alanlarina ve hassas endemik bitki tiirlerine olan tehdidin ortaya konulmasi amaglanmstir. Elde edilen
bulgular ¢ercevesinde, miras degeri olan jeolojik karstik peyzajlarin ve tehdit altindaki jipsofil bitki
tiirlerinin korunmasi ve gelecek nesillere aktarimini saglamaya yonelik 6neriler sunulmustur.

2. Materyal ve Yontem
2.1. Calisma alam

Calisma alani Tiirkiye'nin merkezi konumundaki I¢ Anadolu Bélgesi’nin kuzey kesiminde yer
alan Cankiri ilindeki jipsli alanlardir (Sekil 1). Alan; 40° 29" 44" K ile 40° 37" 30” K ve 33°39' 14" D
ile 33° 50" 23" D koordinatlar1 arasinda bulunmakta olup, kapladigi alan yaklasik olarak 124.84
km?'dir. Denizden uzaklig1 yaklasik olarak 250 km olan alan, yari kurak bir iklime sahip olup karasal
iklim 6zellikleri tasimaktadir. Ile ait 1929 — 2018 yillar1 aras1 ortalama yillik yagis miktar: yaklasik
olarak 414 mm, yillik ortalama sicaklik ise 11.3 °C'dir (MGM, 2019).
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Sekil 1. Caligma alani (Orijinal kaynak).
Jipsli topraklar (gypsisoller) genellikle kurak ve yar1 kurak alanlarda gelisirler (FAO, 1990).

Calisma alanmin jeolojik yapisini (Sekil 2), Tersiyer donemine ait olan eskiden yeniye dogru Incik
Formasyonu, Evaporitik zon, Bayindir (Camligiiney), Kizilirmak ve Bozkir Formasyonlari
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olusturmaktadir. Jeolojik formasyonlarin dikey kesitinde en altta kizil, alacali ve boz renkli
konglemera, kum tas1 ve silt taslarindan olusan karasal Incik Formasyonu yer almaktadir. incik
Formasyonu, jips tabakalari bol olan Bayindir Formasyonu ile diskordant olarak ortiiliir (Yoldas,
1982). Jipsler arasinda kum tasi, silt tagi1 ve camur tasi seviyeleri goriilmektedir. Bayindir Formasyonu
tizerindeki Kizilirmak Formasyonu’nda jips yok denecek kadar azdir. Bu formasyon ¢ogu yerde, vadi
yamaglarinda asinmadan arda kalmis yamalar halinde goriiliir. En {istte yer alan Bozkir Formasyonu,
acik yesilimsi boz renkli ince camur tagi ara katkilari igeren 1dminali jipslerden olugsmaktadir (Dogan,
2002). Calisma alaninda agirlikli olarak kahverengi topraklar, kire¢siz kahverengi topraklar,
kahverengi orman topraklari, aliivyal ve koliivyal toprak gruplari bulunmaktadir. Alanda jipsli
kayaclarm olusturdugu toprak yapist hékimdir. Jipsler (CaSO4.2H,0O) genellikle kil ve marnlarla
ardisikli olarak bulunmaktadir (Tuttu ve Akkemik, 2017).

Ulkemizde jipsli formasyonlar ve jips karsti ¢ok fazladir. Cankir1 ve gevresinde birgok jips
formasyonu yer almaktadir. Bunlarin en ¢ok goriileni dolinlerdir. Bu bélge incelendiginde dolinler
baz1 jipsli alanlarda hi¢ goriilmezken, bazi jipsli arazilerde ise seyrek olarak ve dairesel gukurluklar
seklinde goriilmektedir. Alandaki en biiylik dolin ise Bakkal Golii dolinidir (Dogan, 2002).

Calisma alani, Iran-Turan vejetasyon bolgesi icerisindedir. Allium eldivanense, Alyssum
nezaketiae, Gypsophila germanicopolitana, Helianthemum germanicopolitanum ve Tanacetum
germanicopolitanum tirleri diinyada sadece Cankiri jipsli tepelerinde yasamaktadir (Ataol, 2006).
Alanda step vejetasyonunu temsil eden baslica tiirler; Astragalus aucheri, A. microcephalus, A.
brachypterus, A. karamasicus, Genista albida, Hedysarum varium, Onobrychis armena, O.
hypargyrea, Salvia sclarea, S. verticillata, S. candidissima, Teucrium polium, T. chamaedrys, Reseda
lutea var. lutea, Morina persica var. persica, Campanula pinnatifida, Globularia orientalis, G.
trichosantha, Moltkia coerulea, Thymus sipyleus subsp. sipyleus var. sipyleus, Achillea gypsicola,
Anthemis tinctoria, Gypsophila parva, Xeranthemum annuum, Centaurea solstitialis, Scolymus
hispanicus, Xanthium spinosum, Jurinea pontica, Scorzonera tomentosa, Acantholimon acerosum,
Veronica multifida, Linum tenuifolium, Eryngium bithynicum, Bupleurum sulphureum, Koeleria
cristata, Bromus tectorum, Poa bulbosa’dir (Ertugrul, 2011). Ayrica alanda bulunan diizliiklerde ¢ayir
vejetasyonu geligmistir. Ertugrul (2011)’a gore, bu vejetasyon tipini temsil eden bitkilerden bazilart;
Trifolium pratense, T. repens, Melilotus officinalis, M. alba, Lotus corniculatus, Medicago x varia, M.
sativa, Coronilla varia, Sanguisorba minor, Potentilla reptans, P. recta, Anagallis foemina, Stellaria
media, Taraxacum serotinum ve Scandix pectenveneris’tir. Calisma alani, [UCN Kirmiz1 Ekosistem
Kategorileri ve Kriterleri Listesi Uygulama Rehberi'ne gore tehlike altindaki biyogesitlilik ana kriteri
altinda hem tehlike altindaki tiirler ve hem de tehlike altindaki ekosistem cesitliligi alt kriterlerine
girmektedir (Ataol, 2006; .Bland ve ark., 2017).

2.2. Yontem

Bu ¢alismada, zamansal degisimin belirlenmesi i¢in ¢alismanin amacima uygun olarak
arastirma alanina ait 2008 yili ortofoto gorintileri ve 2014 yili Goktiirk-2 uydu goriintiileri
kullanilmistir. Calismada uydu goriintiisii ve ortofoto goriintiisii kullanildig1 igin ayr ayr1 yontemler
kullanilarak arazi kullanimlar tespit edilmistir. Zamansal degisimi ortaya koyabilmek i¢in 2008 yilina
ait geometrik diizeltmeleri yapilmis olan yliksek ¢oziiniirliikkli ortofoto goriintiileri kullanilmistir. Bes
farkli arazi kullamimi/arazi ortiisii (tarim, yerlesim, mera, ¢ayir-otlak ve dolin golleri) tamimlanarak,
ArcGIS 10.3 yazilim1 yoluyla manuel yontemle ¢izilmistir. Yani CBS programina aktarilan goriintiiler
bes farkli arazi kullanimina goére smiflandirilmistir. Simiflandirmanin dogrulugu icin meralar ve
cayirliklardan arazide kontrol noktasi koordinati, tarim alanlar1 ve yerlesim alanlari i¢in ise olusturulan
haritalardan kontrol noktalarmin koordinatlar1 almarak, bu noktalarin arazide capraz kontrolii
yapilmistir. Kontrol noktalarinin dogrulugu yaklasik olarak % 96.7 c¢ikmistir. 2014 yilina ait arazi
kullanimlarimin belirlenmesinde 2.5 metre ¢oziiniirliige sahip, geometrik diizeltmeleri yapilmis olan
Goktiirk-2 uydu goriintiisti kullanilmistir. Arazi kullanimlari, Goktiirk-2 uydu goriintiisiinden kontrollii
smiflandirma yontemiyle belirlenmistir. ERDAS yazilimi yardimiyla, oncelikli olarak kontrollii
simiflandirma yapilmig, maksimum benzerlik metodu uygulanarak bes sinif (tarim, yerlesim, mera,
cayirlik-otlak ve dolin goélleri) olusturulmustur. Calisma alanindan, GPS yardimiyla her kullanim i¢in
30 adet olmak fiizere toplamda 150 adet Ornekleme noktasi almmmis ve dogruluk analizleri
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gerceklestirilmistir. Herhangi bir uzaktan algilama uygulamasi igin siniflandirma dogrulugu
degerlendirmesi yapmanin en yaygin yontemi hata matrisi olusturmaktir (Foody, 2002). Siniflandirma
sonugclari ile olusturulan arazi kullanimlariin degerlendirilmesi igin genel bir hata matris degeri elde
edilmistir. Bu dogruluk analizine gore siniflandirma basarisi % 88 ve Kappa degeri 0.92 bulunmustur.
Elde edilen degerler, hem 2008 hem de 2014 yilina ait olusturulan haritalarin yiiksek siniflandirma
dogrulugu ile nitelendirildigini gdstermektedir. Olusturulan her iki arazi kullanim/arazi ortiisii haritasi

ArcGIS 10.3 yazimina aktarilmig ve bu haritalarin alansal ve oransal dagiliglar belirlenmistir (Sekil
3).
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Sekil 2. Caligma alanin1 da kapsayacak sekilde bdlgenin jeolojik haritast (Dogan, 2002'den alinmistir)
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3. Bulgular

Bu c¢alismada, Cankiri’nin biyogesitlilik sicak noktasi ve jeolojik miras bakimmdan énemli
jipsli alanlarindaki peyzajlarin zamansal olarak degisimi belirlenerek, bolgedeki dolin gdlleri gibi
jeolojik miras alanlarina ve hassas endemik bitki tiirlerine olan tehdit ortaya konulmaya c¢alisilmstir.
Calismada zaman araligi olarak, 6 yil gibi kisa bir siire alinmigtir. Bunun en 6nemli sebebi, kisa
vadede degisimin boyutunu daha net anlayabilmektir. Tarimsal peyzajlar gibi insan egemen
peyzajlarda arazi bozulumu ve pargalanma, biiylik 6l¢iide mekansal ve zamansal bozulma diizenine

baglhidir (Wagner ve ark., 2000). Boylece peyzajdaki degisimin nasil ve nelerden etkilendigi daha iyi
analiz edilebilir.
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Arazi Kullamim Haritas1 (2008)
e . L 5.
v e

Lejand
B Havza smn|
Arazi Kullanimi 2008)
:IDoli.n

Tanm alani

Cayirlik A

Mera A
-Yerleyim 0 07515 3 45 Scilometrs

Arazi Kullanim Haritas1 (2014)
, ‘o .

Lejand
|Havza smin|

[Arazi kullamim (2014)
Dolin

Tarim alant
Cayirlik
Mera

. 0 07515 3 45
Yerlesim

w

N

A

6
Kilometre

Sekil 3. Arazi kullanim/arazi ortiisii degisim haritalar: (2008 - 2014).

Calisma alaninda yer alan karstik peyzajlardaki 2008 yilina ait arazi kullanimlar incelendigi
zaman; tarim (% 68.5) ve mera (% 29.3) kullanimlart alanmmin biiyiik bir kismini olusturdugu
goriilmiistiir. Bu arazi kullanimlarini ¢ayirlik alanlar (% 0.99), yerlesim (% 0.84) ve dolin goélleri (%
0.43) takip etmektedir (Cizelge 1). 2014 yilma iliskin arazi kullamimlarina bakildiginda ise yine benzer
bir dagilimin oldugu goriilmektedir. Bolgedeki zamansal degisime bakildiginda, tarim alanlarinin
oran1 % 71.9’a yiikselirken, meralar ise % 26.4’e diigmiistiir. Yerlesim alanlarinin % 0.89 ile az da
olsa arttigi, buna karsilik ¢ayirlik-otlak alanlarin oraninin % 0.45°e diistiigii tespit edilmistir. Dolin
gollerinin alansal dagilimi ise % 0.43’tiir (Cizelge 1).

Cizelge 1. Dolin sahalarindaki 2008-2014 yillar1 aras1 arazi kullanimi/arazi Ortiisii degisimi

Arazi Kullanimi Alan (2008) Alan (2014) Fark

ha % ha % ha % % (Tiim)
Dolin 53.52 0.43 53.17 0.43 -0.35 -0.65 0.00
Mera 3654.14 29.28 3292.67 26.38 -361.47 -9.89 -2.90
Cayirlik-otlak 123.58 0.99 56.14 0.45 -67.44 -54.57 -0.54
Tarim alan 8544.85 68.46 8967.76 71.85 +422.91 +4.95 3.39
Yerlesim 104.59 0.84 110.94 0.89 +6.35 +6.07 0.05
Toplam 12480.68 100.00  12480.68 100.00

Calisma alanindaki zamansal degisim incelediginde, tarim alanlarinin 422.91 hektar arttigi,
meralarin ise 361.47 hektar azaldigi belirlenmistir. Meralarin neredeyse tamami tarim alanlarina
doniismiistiir. Taban su seviyesi genel olarak yiiksek olan ve vadi i¢lerinde yer alan g¢ayirlik-otlak
alanlar ise 67.44 hektar azalarak 56.14 hektara diigmiistiir. Cayir-otlak alanlarinin azalmasi her ne
kadar alansal olarak az olsa da, biitiin cayirliklar géz Oniinde bulunduruldugunda, bu alanlarin
yarisindan fazlasiin tarim alanlarina doniistiiriildiigi belirlenmistir. Dolin golii alanlarinda sadece 0.5
hektarlik bir daralma olmustur. Alanm geneline bakildiginda, bunun ¢ok kii¢iik bir daralma oldugu ve
gollerin kiy1 cizgilerinde ¢ok fazla bir degisikligin olmadig1 sdylenebilir. Ayrica, bu daralmanin sebebi
mevsimsel yagislara bagli daralmalar olabilir. Yerlesim alanlarinda 6.35 hektarlik bir artig tespit
edilmistir. Artan yerlesim alanlarinin tamami tarim alanlarinda ve yerlesime sinir bdolgelerde
gerceklesmistir. Calisma alaninin igerisinde yer alan 13 kdyde toplam niifus 2008 yilinda 5745 kisi
iken, 2014 yilinda bu say1 4842 kisiye diismiistiir. Niifusun azalisinin aksine, yerlesim alaninda ciddi
bir artis meydana gelmistir. Bunun en oOnemli sebebi, kdylerin Cankir'ya ¢ok yakin mesafede
olmasindan dolay1 yazlik kullanima yoénelik yeni evlerin yapilmasidir.
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4. Tartisma ve Sonug¢

Jipsli sahalar, diinyada genis alanlara yayilmis olup jeolojik ve biyolojik ¢esitlilik agisindan
onemli ve 6zel alanlardir. Jipsli toprak yapisina sahip karstik sahalar, nadir ve endemik jipsofil bitki
tiirlerini barindiran zengin vejetasyon yapisina sahip oldugu kadar, dolin gélleri gibi Cankiri, Sivas,
Toroslar vb. karstik bolgeler i¢cin Onem tastyan, 6zel jeolojik peyzaj olusumlarina da sahiptir.
Cankir’nin jipsli bolgelerinde, bazilar1 orta biiyiikliikteki irili ufakli yaklasik 15 dolin goli
bulunmaktadir. Bu tiir sahalarin siirdiiriilebilir bir bigimde kullanimini saglamak i¢in topragin dogasini
anlamak ve ayni zamanda, bilimsel kurumlar ve uluslararasi kuruluslar arasindaki isbirligini
giiclendirmek dnemlidir.

Caligmanin sonuglari, alanda tarim ve yerlesim alanlarinin arttigini ve dolin su yiizeylerinin,
meralarin ve gayirlik-otlak alanlarin azaldigini gdstermistir. Bu durum, alandaki dogal yapinin insan
kaynakli kullamimlar karsisindaki bozulma siirecini de hizlandirdigim1 ortaya koymaktadir. Parise ve
Pascali’ye (2003) gore; genel olarak karst alanlarindaki yerlesim ve tarim alanlari, ¢evre {izerinde
olumsuz etkilere neden olmaktadir. Tarim alanlarinin artmasi dolin gollerine gelen kimyasal giibre ve
ilag miktariin ve de toprak miktarnin artmasina yol agmakta, bu da dolin gdéllerinin zamanla yok
olmasinda dogrudan bir sebep olabilmektedir. Buna ek olarak, biyocesitlilik ve jeolojik miras igin
onemli olan jipsli bolge topraklari, erozyon, ylizey akisi ve seyrek bitki ortiisii gibi dogal kisitlayicilar
nedeniyle ¢ok kisa siirede bile ciddi zararlar gorebilmektedir. Bu baglamda, jipsli topraklar1 korumak
icin hizl bir sekilde 6nlem almak ve koruma tedbirlerini artirmak olduk¢a 6nemli hale gelmektedir.

Calisma alaninda 6zellikle tuzlu topraklarin yogun bir sekilde bulunmasi ve bunlarin yagislarla
ve yeraltt sulartyla birlikte erimesi nedeniyle yiizeye yakin kisimlarda goriilen dairesel ¢okmeler
sonucu siibsidans dolinleri olusmaktadir. Dogan’a (2002) gore; bu tiir dolinler, bdlgenin ilerideki
siiregte de ¢cokme potansiyelini gosterdiginden, insan hayati1 basta olmak {izere, binalar ve yapilar i¢in
dogal bir tehlike olarak goriilmektedir. Ozellikle Bakkal Gélii'ne yakin konumdaki Cankiri merkez
ilgesine bagli Esentepe Mahallesi’nin bir yerlesim alani olmasi sonucu dolin sahalarina ve dolayisiyla
dogal alanlara yakinligi nedeniyle sigrama ozelligi gostermesi, bahsedilen bu tehdidi ortaya
koymaktadir. Bununla birlikte, dolin sahalarinin bitigigindeki tarim alanlarinda ¢alisma sonuglarina
paralel olarak goriilen artis ve buna bagl olarak tarimsal sulamadaki artisin beraberinde getirdigi
yeralt1 tuzlarinin erimesiyle ileride olusabilecek ¢okmeler de alandaki dogal baski ve tehdidi gozler
Ontline sermektedir.

Insanlik tarihinden bu yana, dogal ortamlar iizerinde yapilagelen tarim, otlatma, yangin,
yapilagma, sanayilesme gibi antropojenik faaliyetler, bu alanlardaki mevcut bitki ortiisii ile potansiyel
(ideal) bitki ortiisii arasinda onarilamaz derecede biiylik degisimlere yol agmistir (Altan, 2000). Bu tiir
faaliyetler, Ozellikle calismanin yiriitildiigli alana benzer yapidaki dogal peyzajlarda habitat
parcalanmalarina yol agmakta ve biyogesitlili§in zenginlesmesine imkan vermemektedir (Ozsahin ve
ark., 2018). Diinya Koruma Birligi’ne (IUCN, 2013) gore, biyogesitliligi kisitlayan 6nemli unsurlardan
bazilari; habitat kaybi, fragmantasyon (parg¢alanma), istilaci-yabanci tiirler, kirlilik, iklim degisikligi,
asirt kullanim, hizli niifus artisidir. Ertugrul (2011), Cankirn Eldivan yoresindeki jipsli alanlardan
topladig1 bitki orneklerini incelemis ve tespit ettigi 357 taksondan 55’inin (% 15.4) endemik tiir
oldugunu ortaya koymustur. Calismasinda Gypsophila germanicopolitana ve Linum mucronatum
subsp. gypsicola var. gypsicola tiirlerinin jipsli alanlara 6zgii, dar yayilish endemik tiirler oldugunu ve
sadece arazinin belli bolgelerinde bulunan bu az sayidaki iki jipsofil tiiriin habitat alanlarinin yetisme
ortami sartlar1 tarafindan baskilanarak smirlandigini ifade etmistir (Tuttu ve Akkemik, 2017).
Ertugrul’un (2011) caligmasinda jipsli alanlarda tespit ettigi endemizm oranmin yiiksek olmasi ve
endemik tiirlerin bazilarmin tehdit altinda olmasi, bu ¢alismanin konusu olan Bakkal Golii ve
cevresindeki dolinlerde ve onlar1 besleyen alt havzalarda da —bu alanlarda konuyla ilgili akademik bir
calisma olmamasina ragmen- benzer tehditlerin olabilecegini gostermektedir. Ayrica, Cankiri’da
endemik tiir olarak yayilis gosteren Alyssum nezaketiae (Nezaket kevkesi), biyogesitlilik anlaminda
koruma altina alinmasi gereken ve bolgenin peyzaj karakterini iyi bir bicimde yansitan hassas tiir
olarak dikkat ¢ekmektedir (Sahin ve Simsek, 2016). Biyogesitlilik bakimindan endemik tiirlerin bu
Oonemi ve hassasiyetine ragmen, Cankiri'nin jipsli tepelerinde tarim alanlar1 alansal olarak artmig, tam
tersine mera ve ¢ayir alanlar ise azalmistir. Mera alanlar1 sadece azalmamis ayn1 zamanda peyzaj
yama alanlari da degismis, hatta bazi yamalar yok olmustur (Sekil 3). Habitat kayiplarinin tiir
zenginligi, popiilasyon dagilimi, genetik cesitlilik iizerinde genis ve siirekli olumsuz etkileri
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bulunmaktadir. Dolayisiyla mera ve ¢ayir habitatlarinin daralmasi jipsofil bitki tiirleri iizerinde
olumsuz etkiye yol acacaktir. Buna ek olarak, tarim alanlarinda gergeklesen tarimsal faaliyetler
(glibreleme, ilaclama, tohumlama) meralar iizerinde bir baski olusturarak farkli bitki Ortiisii
topluluklarinin kurulmasini destekleyebilir (Pan ve ark., 2001).

Jipsli karstik alanlar, sahip olduklar1 dolin gélleri gibi essiz su elemanlari ve benzersiz
topografik ve jeolojik 6zellikleriyle iilkemiz i¢in peyzaj degeri yiiksek olan 6énemli tabiat alanlaridir.
Ancak yerlesim, tarim, sanayi, hayvancilik gibi faaliyetler bu alanlardaki dogal peyzajin karakterini
olumsuz yonde etkilemekte ve bdlgedeki dolin golleri gibi essiz tabiat unsurlarini tehdit etmektedir.
Bu baglamda, dolin sahalarinin jeolojik miras alani olarak korunmasi ve gelecek nesillere aktarilmasi
akademik cevrelerce onemli bir konu olarak goriilmektedir. Waltham ve Fookes’e (2005) gore; bir
metre genisligindeki bir dolinin olusumu yaklasik olarak 100 yil gibi bir siirede meydana
gelebilmektedir. Buna gore; 500 m. ¢apindaki Bakkal Golii gibi bir dolinin erozyon malzemesiyle
tamamen dolmas1 yaklasik 50.000 yilda tamamlanabilir. Yalnizca bu bile dolinlerin jeolojik miras
alan olarak tamimlanarak ulusal ve uluslararasi arenada itibarinin saglanmasi i¢in yeterli bir sebeptir.
Calisma sonuglarina bakildiginda ise, alanda dogal peyzaj karakterinin bozuldugu goriilmektedir. Bu
alanlarin jeolojik miras alani olarak tescillenebilmesi ve uluslararasi anlamda taninabilmesi igin
cevredeki dogal ve kiiltiirel tehdit unsurlarmin bélgeden bertaraf edilmesi gerektigi sdylenebilir.

Aragtirma alanindaki dolin gollerini korumak igin tarimsal faaliyetlerin azaltilmasi
gerekmektedir. Buna karsin, jipsli alan habitatlar1 ve bu alanlarin jeolojik yapisi, jips igeriginden
dolay1 kirilgandir. Bu bdlgeler, arazi kullanim degisiklikleri, hayvancilik, otlatma, su kaynaklarinin
asir1 kullanimi gibi insan faaliyetleri sonucu tahrip edilerek, onarilamayacak derecede ciddi peyzaj
bozulmalaria ve kirlilik problemlerine maruz birakilmaktadir. Calisma alaninda da goriildiigii iizere,
bu tip kirilgan alanlarda dogal kaynaklarin asirtya kullaniminin 6niine gegilmelidir. Dolin golleri ve
etrafindaki jipsli-tuzlu sahalarda su ve topragin kirlenmesine, arazi morfolojisindeki bozulmalara,
nadir hayvan ve bitki tiirlerinin yok olmasina ve dolin gollerindeki erozyonun hizlanmasina karsi
tedbirler alinmalidir.
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Oz: Bu calisma, cevizde ii¢ iirin yilinda alman ve +4°C’de 0-2 yil siireyle
muhafaza edilen meyvelerde toplam protein, toplam yag, doymus ve doymamis yag
asit igeriklerindeki degisim durumunun belirlenmesi amaciyla yapilmistir. Elde
edilen bulgularin ortalama sonuglarina gore, muhafaza siiresi 2 yil olan
meyvelerde, protein orani %19.65, toplam yag oran1 %60.34 olarak belirlenirken,
1 y1l muhafaza edilen meyvelerde protein oran1 %18.48, toplam yag oran1 %64.89
olarak tespit edilmistir. Hasat edildigi yil igerisinde analiz edilen meyvelerde ise
protein oraninin %18.91 ve toplam yag oraninin ise %62.60 oldugu belirlenmistir.
Genotiplerin stearik asit oranlarmin %2.89 ile %2.97, miristik asit oranlarinin
9%0.02 ile %0.03, palmitik asit oranlarinin ise %6.87 ile %7.06 degerleri arasinda
degistigi belirlenmistir. Ayrica genotiplerin linoleik ve a-linolenik asit oranlarinin
strastyla 9%60.93 ile %62.23 ve %11.01 ile %11.62 degerleri arasinda oldugu
belirlenmigtir. Genotiplerin, oleik asit oranlarinmn %14.97 ile %16.65 ve
palmitoleik asit oranlarinin ise %0.07 ile %0.08 degerleri arasinda oldugu
bulunmustur. Farkli @iriin yillarinda alinan ve +4°C’de, farkl siirelerde muhafaza
edilen 6rnekler de protein ve yag kompozisyon oranlarinda énemli degisikliklerin
olmadig1 belirlenmistir.
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Abstract: The aim of this study was to determine the changes in total protein,
total fat, saturated and unsaturated fatty acid contents of walnut genotypes taken
in three crops years and stored at +4°C. According to the average of the obtained
results protein content was 19.65% and the total fat content was 60.34% in the
fruits stored for two years. In one year, preserved fruit, protein ratio was 18.48%,
the total fat ratio was 64.89%. It was determined that protein content was 18.91%
and total fat content was 62.60% in fruits analyzed in the year of harvest. It was
found that stearic acid ratio of genotypes between 2.89% and 2.97%, myristic
acid ratio between 0.02% and 0.03%, palmitic acid ratio between 6.87% and
7.06%. The average ratio of walnut genotypes for linoleic acid and a-linolenic
acid was determined between 60.93%-62.23% and 11.01%-11.62%, respectively.
The ratio of average oleic acid was determined between 14.97% and 16.65% and
the palmitoleic acid ratio was between 0.07% and 0.08%. Samples taken at
different product years and stored at +4°C were also found to have no significant
changes in protein and fat composition ratios.
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1. Giris

Anadolu, ceviz meyve tiirliniin anavatanlari arasinda yer almaktadir. Tiirkiye nin hemen hemen
her bolgesinde ceviz yetistiriciligi yapilmaktadir. Ceviz, gida endiistrisinde, islenmis gidalarda,
farmakoloji ve kozmetik endistrisinde kullanilan besin degeri yiiksek meyveleri i¢in tercih edilen bir
meyve tlriidiir. Genis bir kullanim alanina sahip olmasi nedeniyle bu meyve tiirii {izerine yliriitiilen
bilimsel galigma sayisi da her gegen giin artmaktadir (Sen, 2011; Kazankaya ve ark., 2017; Siityemez
ve ark., 2018; Kefayati ve ark., 2019).

Insan beslenmesi denilince akla gelen {ic temel gida grubu; yaglar, proteinler ve
karbonhidratlardir. Temel gida maddeleri yoniinden dengeli bir beslenme aligkanligi kazanmis
insanlarin saglikli bir viicut yapisina sahip oldugu ve bu durumun uzun siire muhafaza edilebildigi
bilinmektedir. Giiniimiizde ceviz meyve tiirli dengeli beslenme programlari igerisinde yerini almistir.
Clinkii ceviz, yiiksek yag ve protein igeren gida olarak kabul edilmektedir. Sert kabuklu meyveler grubu
icerisinde yer alan ceviz; iic ana gida grubundan ikisini (yag ve protein) yiiksek miktarlarda ihtiva
etmektedir. Ceviz ¢ok az bir dikkat ile dahi bir y1l veya daha uzun siire besin degerini kaybetmeden
muhafaza edilebilmektedir (Sen, 2011).

Bilimsel c¢aligmalarda ceviz tliketiminin saglik iizerine olumlu katkilarimin oldugu ve
kardiyovaskiiler hastalik riskini azalttig1 belirlenmistir (Blomhoff ve ark., 2006; Davis ve ark., 2007).

Ceviz’de ozellikle doymamis yag asitleri bulunmaktadir. Diger sert kabuklu meyveler tekli
doymamis yag asitleri igeritken ceviz ise ¢oklu doymamis yag asitleri (Omega-3 ve Omega-6)
bakimindan zengindir. Insan beslenmesinde coklu doymamuis yag asitleri (PUFA) &nemli bir yere
sahiptir (Amaral ve ark., 2003; Zwarts ve ark., 1999).

Genetik kaynaklarin yani dogal olarak yetisen genotiplerin tanimlanmasi yeni gesit
gelistirmenin ilk adimini olugturmaktadir. Bu genotipler iizerine gevresel etkilerin neler oldugu ile ilgili
bilgiler lizerine arastirilmalar yapilmalidir. Cevresel faktorler meyve gelisim periyodunda, linoleik,
linolenik ve oleik asit igeriginde degisikliklere sebep olabilmektedir. Genotiplerin bulundugu
lokasyonlar ile yag asidi profilinde ki farkliliklar birbiri ile iliskilidir. Uriinde ki yag ve yag asitleri
enlem, sicaklik, kuraklik, radyasyon ve olgunlagsma asamasi/hasat tarihi gibi g¢evresel faktorler
tarafindan etkilenebilmektedir (Zwarts ve ark., 1999; Zeneli, 2005; Pereira, 2008; Martinez ve ark.,
2010).

Bu ¢alisma, farkli iiriin yillarinda alman ve +4°C’de, farkli siirelerde depolanan ceviz
meyvelerinde protein, yag ve yag asidi oranlarindaki degisim durumlarinin belirlenmesi amaciyla
yapilmustir.

2. Materyal ve Yontem

Aragtirmada ayn1 bahge igerisinde bulunan 9 yasindaki 10 ceviz genotipinden rastgele alinan
meyve Ornekleri kullanilmigtir. Bahgeler de hastalik-zararl ile miicadele, giibreleme, sulama gibi bakim
islemleri 3 yilda da diizenli olarak yapilmistir. Calisma 3 yil art arda alinan ve +4°C’de farkli siirelerde
saklanan meyveler {izerinde yliriitilmustiir.

2.1. Ceviz meyve orneklerinin toplanmasi

Ceviz genotiplerine ait meyveler hasat olgunluguna geldiginde (10-20 Eyliil) agac1 temsil
edecek sekilde rastgele almmistir. Hasat edilen meyveler yesil kabuktan ayrilarak 7-14 giin golgede,
daha sonra ise etiivde 30°C’de 24 saat kurutulmuslardir. Ceviz meyveleri elle kirildiktan sonra, her
genotipe ait 6rnekler plastik torbalara birakilarak karanlik bir ortamda +4°C’de analizlerin yapilacagi
giine kadar muhafaza edilmistir. Son hasat y1l1 olan 2016’da ki meyveler de hasat edildikten sonra diger
yillar da alinan 6rneklerle birlikte analizleri yapilmistir.

2.2. Meteorolojik veriler

Arastirmanin yiritiildigli bolgeye ait ortalama sicaklik ve yagis degerleri Cizelge 1°de
verilmistir (Anonim, 2017).
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Cizelge 1. Yillik sicaklik, yagis ve ceviz meyvesinin olgunlasma dénemlerindeki sicaklik ortalamalar

Yillar Yillik sicaklik Yillik yagis ortalama miktari Meyve gelisme donemindeki sicaklik
ortalamasi (mm) ortalamasi
(W) (@S]
1.Y1l (2014) 18.04 44.95 24.42
2.Y11 (2015) 17.77 63.10 24.53
3.Y11 (2016) 17.97 42.76 25.29

2.3. Protein analizi

Kjeldahl metoduna gore azot tayini yapilmis ve belirlenen azot miktar1 6.25 ile carpilarak
protein oran1 hesaplanmistir (Bayrakli, 1987).

2.4. Yag ve yag asitlerinin analizleri

Yag asitlerinin analizleri 3 yinelemeli olarak ve her yinelemede en az 10 meyve olacak sekilde
yapilmistir. Kirtlmis ceviz meyveleri 6giitiiliip (25g) otomatik Soxholet cihazinda yaglart ¢ikarilmistir.
Ceviz meyvelerinde yag ekstraksiyonu ve yag asidi analizleri Bligh and Dyer (1959) metoduna goére
yapilmustir.

2.5. istatistiksel analizler

Calismada tiim analizler homojen kosullarda gergeklestirilmis olup 3 tekerriirlii olarak
kurulmustur. Elde edilen standart sapmalar ve istatistiki analizler JMP 9 paket programinda tek yonlii
varyans analizine tabi tutulmus ve gruplar arasinda ki istatistiki farki ortaya ¢ikarmak amaciyla LSD
testinden yararlanilmistir.

3. Bulgular ve Tartisma

Bu calisma kapsaminda 10 ceviz genotipine ait meyve 6rnekleri 3 farkli {iriin y1ilinda toplanarak
toplam protein, toplam yag, doymus ve doymamis yag asit oranlar1 belirlenmistir. {1k ve 2. y1l toplanan
meyveler son iiriin yilina kadar (3. yil) +4°C’de muhafaza edilmistir. Son yil hasat edilen meyveler,
diger yillara ait 6rnekler ile birlikte analiz edilmis ve toplam protein, toplam yag, yag asitleri arasinda
farkliliklarin olup olmadig1 degerlendirilmistir.

Arastirmada kullanilan genotiplere ait toplam protein ve yag oranlarinin sonuglar1 Cizelge 2°de
sunulmustur. Caligmada ki tiim genotiplerde toplam protein miktari, 1. y1l yani 2 y11 +4°C’de muhafaza
edilen 6rneklerde %17.00-%23.00 degerleri arasinda oldugu belirlenmistir. Genotiplerden 2. yil alinan
orneklerin toplam protein degerlerinin %14.35-%21.92 araliginda oldugu tespit edilmistir. Son yil alinan
orneklerde ise %15.50-%23.64 degerleri arasinda genotiplerin protein icerdigi belirlenmistir.
Bakkalbas1 ve ark. (2010) cevizde protein igeriginin %11.40-16.74 degerleri arasinda degistigini
bildirmigtir. Ceviz de muhafaza siiresinin protein oranlarinda kayiplara neden olmadigi tespit edilmistir.

Elde edilen bulgular (Cizelge 2) incelendiginde, biitiin yillar icerisinde 10 genotip arasinda en
diistik yag oraninin 1. y1l alinan 4 nolu genotipte %58.44, en yiiksek yag oraninin ise 2. y1l alinan 6 nolu
genotipte %68.42 olarak tespit edilmistir. Tiim genotiplerde her 3 yilda da toplam yag degerlerinin
birbirine yakin oldugu belirlenmistir. Portekiz orijinli cevizlerde yapilan bir ¢aligmada toplam yag
oranlarmin %62.3 ile %72.14 arasinda oldugu belirtilmistir (Pereira ve ark., 2008). Yaptigimiz bu
calisma sonucunda elde edilen yag oranlari, daha dnce yapilan diger calismalardaki oranlar ile paralellik
gostermektedir.
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Cizelge 2. Genotiplere ait 3 yillik toplam protein ve yag igerikleri

Toplam protein Toplam yag
Genotipler (%) (%)

1.Y1l 2. Y1l 3.1l L.Y1l 2. Y1l 3.1
1 20.19 + 0.96 cd* 19.76 + 0.04 ¢ 16.86 +0.33 g 59.74 £ 0.66 6d 65.42 +2.58 abc 60.65 + 1.57 cd
2 20.85+0.07 ¢ 21.39+0.10 b 20.74+0.13 ¢ 59.84 + 1.46 6d 65.56 + 1.20 abc 62.60 + 0.83 be
3 22.00+0.02 b 15.60+035¢ 17.35+0.04 £ 61.17+0.74 6d 63.73 +£2.25 abc 62.47 + 1.73 bed
4 23.00+0.04 a 19.37+0.05d 20.06 +0.04 d 58.44 +1.59 6d 61.17+1.64 ¢ 59.23+1.08d
5 19.48 £ 0.25 de 18.16+0.15¢ 17.62 +0.05 £ 62.00 + 1.55 6d 64.72 + 1.31 abc 64.62 + 0.64 ab
6 17.14+0.08 f 19.42+0.03 cd 21.42+0.05b 59.83 +2.68 6d 68.42+2.09 a 60.77 £ 0.27 cd
7 20.38 +0.05 cd 16.82 +0.03 f 1830+ 0.02 ¢ 60.55+2.24 6d 65.5 + 1.46 abc 66.30+0.79 a
8 17.00 + 0.07 f 21.92+0.09 a 23.64+0.08 a 61.57+1.92 6d 63.26 + 1.94 be 60.12 +1.52 cd
9 18.75+0.05 ¢ 18.03+0.02 ¢ 17.63 £0.06 £ 61.13+1.89 6d 63.35+1.10 be 66.14+0.70 a
10 17.75+0.05 f 14.35+0.01 h 15.50+0.09 h 59.20 +3.20 6d 67.80£0.21 ab 63.12 + 1.32 abc
Ortalama 19.65 18.48 18.91 60.34 64.89 62.60

*: Ayni siitunda farkl1 harflerle gosterilen ortalamalar arasindaki fark 6nemlidir. Od: Onemli degil

Aragtirma kapsaminda {lizerinde ¢alisilan genotiplerin doymus yag asidi iceriklerine ait bulgular
Cizelge 3°de sunulmustur. Genotiplerde stearik asit oranlar1 2 y1l muhafaza edilen 6rneklerde %2.46-
%3.27 degerleri arasinda, 1 y1l saklanan 6rneklerde %2.66-%3.50 ve hasat edildikten sonra hemen analiz
edilenlerde ise %2.54-%3.39 degerleri arasinda bulunmustur. Uzerinde ¢alisilan genotiplerde miristik
asit degerleri 1.y1l %0.02-%0.04, 2.y1l %0.02-%0.03 ve 3.y1l %0.02-%0.04 degerleri arasinda tespit
edilmistir. Diger doymus yag asitlerinden palmitik asit konsantrasyonu ise sirastyla 2 yil muhafaza
edilen orneklerde %5.96-%7.77 degerleri arasinda, 1 yil saklanan 6rneklerde %5.95-%7.61 degerleri
arasinda oldugu belirlenmistir. Son yil alinan 6rneklerde ise palmitik asit oranlar1 %6.04-8.38 degerleri
arasinda bulunmustur. Ceviz meyve tiiriinde doymus yag asit icerikleri (SFA) iizerine yapilan bazi
caligmalarda, stearik asit oraninin (C18:0) %1.69 ile %3.89 degerleri arasinda, miristik asit orant %0.00-
%0.05 degerleri arasinda, palmitik asit oraninin ise (C16: 0) %5.20 ile %8.95 degerleri arasinda degistigi
kaydedilmistir (Bouabdallah ve ark., 2014; Unver ve ark., 2016; Beyhan ve ark., 2017). Bu calismada
doymus yag asidi igeriklerine ait elde ettigimiz bulgular ile daha Once yapilmis ¢alisma sonuglari
arasinda benzerlikler oldugu goriilmektedir. Muhafaza edilen meyveler ve hasattan sonra analiz edilen
ornekler arasinda stearik asit, miristik asit ve palmitik asit konsantrasyonlarinda kayip olmadigi
belirlenmistir.

Ceviz ¢oklu ve tekli doymamis yag asitleri bakimindan zengin bir meyve tiiriidiir. Arastirma da
incelenen tiim ceviz genotiplerinde, linoleik asit miktarinin, 2 yil +4°C’de muhafaza edilen orneklerde
%57.09-%63.86 degerleri arasinda oldugu belirlenmistir (Cizelge 4). Genotiplerden 2. yil alinan
orneklerin toplam linoleik asit degerlerinin %58.28-%64.12 araliginda oldugu tespit edilmistir. Son yil
alinan drneklerde ise %55.92-%66.79 degerleri arasinda genotiplerin linoleik asit igerdigi belirlenmistir.
a-linolenik asit konsantrasyonlarinin ise sirasiyla 2 yi1l muhafaza edilen 6rneklerde %8.77-%13.08
degerleri arasinda, 1 yil saklanan 6rneklerde %9.07-%14.66 degerleri arasinda oldugu belirlenmistir.
Son y1l alinan 6rneklerde ise a-linolenik asit oranlar1 %8.01-%13.84 degerleri arasinda bulunmustur
(Cizelge 4). Beyhan ve ark. (2017) tarafindan cevizde yapilan benzer ¢alismada en yiiksek linoleik asit
orant %63.62, en yiiksek a-linolenik asit i¢erigi %14.66 olarak tespit edilmistir. Kafkas ve ark. (2017)
tarafindan yapilan bagka bir ¢alismada ise cevizde linoleik ve a-linolenik asit igeriklerinin sirasiyla
%53.24-%64.56 ve %9.50-%13.26 degerleri arasinda degistigi bildirilmistir.

Arastirmada kullanilan melez ceviz genotiplerinin oleik asit oranlar1 2 yil +4°C’de muhafaza
edilen orneklerde %13.49-%22.63 degerleri arasinda oldugu belirlenmistir (Cizelge 5). Genotiplerden
2. y1l alinan 6rneklerin toplam oleik asit degerlerinin %11.83-%20.15 araliginda oldugu tespit edilmistir.
Son yil alinan oOrneklerde ise %10.96-%20.53 degerleri arasinda genotiplerin oleik asit igerdigi
belirlenmistir. Palmitoleik asit oranimin 2 y1l +4°C’de muhafaza edilen 6rneklerde %0.05-%0.18
degerleri arasinda oldugu belirlenmistir. Genotiplerden 2. y1l alinan 6rneklerin toplam palmitoleik asit
degerlerinin %0.05-%0.10 araliginda oldugu tespit edilmistir. Son y1l alinan 6rneklerde ise %0.06-
%0.17 degerleri arasinda genotiplerin, palmitoleik asit icerdigi belirlenmistir (Cizelge 5). Beyhan ve
ark. (2017) ceviz genotiplerinde oleik ve palmitoleik asit oranlarinin sirasiyla %14.73-%24.17 ve
%0.00-%0.16 degerleri arasinda bulmustur. Yapilan bir diger ¢alismada ise tekli doymamis yag
asitlerinin (palmitoleik ve oleik asit) sirasiyla degerlerinin %0.11-%14.36 ve %0.13-%27.57 arasinda
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degistigi tespit edilmistir (Kafkas ve ark., 2017). Bu 6zellikler yoniiyle elde ettigimiz bulgular ile daha
onceki yapilan ¢alisma sonuglarinin birbirine yakin oldugu goriilmektedir.

Cizelge 3. Genotiplere ait 3 yillik toplam doymus yag asit icerikleri

Doymus yag asitleri (%)

Genotipler Stearik asit (C18:0) Miristik asit (C14:0) Palmitik asit (C16:1)

1.Y1l 2. Yl 3.Y1l 1.Y1l 2.Y1 3.Y1l 1.Y1l 2. Yl 3.Yl
1 2.79+0.15¢* 2.93+0.00 d 3.25+0.01 ab 0.02+0.00 cd 0.03+0.00 cd 0.03+0.00 b 7.51£0.13 b 7.05£0.45 be 7.03+0.23 cd
2 3.07+0.09 ab 2.68+0.02 ef 3.05+0.01 cd 0.03+0.00 b 0.03+0.00 ab 0.02+0.00 d 7.66+0.07 a 7.61£0.07 a 6.88+0.04 cde
3 3.24+0.05 a 3.50+0.11 a 3.39+0.01 a 0.02+0.00 cd 0.02+0.00 f 0.04+0.00 b 6.28+0.03 ¢ 6.53+0.01 d 6.56+0.05 def
4 3.27£0.02 a 3.29+0.01 b 2.71£0.13 ¢ 0.04+0.00 a 0.03+0.00 ab 0.02+0.00 d 7.19+0.02 ¢ 6.71£0.22 cd 6.04+0.13
5 3.16+0.08 a 2.84+0.10 def 2.92+0.03 d 0.02+0.00 cd 0.03+0.00 a 0.04+0.00 a 6.69+0.00 d 7.37+£0.03 ab 8.38+0.05 a
6 2.49+0.02 d 2.66+0.10 2.61+0.09 ef 0.02+0.00 d 0.02+0.00 de 0.03+0.00 be 7.39+0.02 b 6.63+0.05 cd 7.13£0.13 cd
7 2.82+0.08 ¢ 3.04+0.04 cd 3.05+0.01 cd 0.02+0.00 cd 0.02+0.00 def 0.03+0.00 b 6.66+0.00 d 7.01+0.07 be 6.78+0.11 de
8 2.87+0.04 be 2.72+0.12 ef 2.54+0.03 f 0.03+0.00 b 0.03+0.00 be 0.04+0.00 a 6.73+0.00 d 7.01£0.01bed 7.45+0.07 be
9 2.74+0.05 ¢ 3.18+0.01 be 2.91+0.00 d 0.03+0.00 ¢ 0.02+0.00 ef 0.02+0.00 d 5.96+0.03 f 5.95+£0.07 ¢ 6.42+0.21 ef
10 2.46+0.03 d 2.87+0.05 de 3.1840.03 be 0.02+0.00 cd 0.02+0.00 f 0.03+0.00 cd 7.77£0.03 a 6.9+0.11 bed 7.94+0.52 ab
Ortalama 2.89 2.97 2.96 0.02 0.02 0.03 6.98 6.87 7.06

*: Ayni siitunda farklr harflerle gosterilen ortalamalar arasindaki fark onemlidir.

Cizelge 4. Genotiplere ait 3 yillik toplam ¢oklu doymamis yag asitleri igerikleri

Coklu doymamus yag asitleri (%)

Genotipler Linoleik asit (C18:2) a- Linolenik asit (C18:3)

1.Y1l 2.Y1l 3.Y1l 1.Yil 2.Y1l 3.1l
1 61.01 +1.02 cd* 59.12 +2.64 cd 60.67+0.12d 10.5 +0.00 fg 11.91 +0.88 be 13.84+0.02a
2 62.91 +0.16 ab 62.63+0.11 ab 65.81+0.14a 10.35+0.02 g 12.48+0.03 b 11.82+0.12d
3 63.86+0.13 a 62.27 +£0,25 ab 60.89+£0.01d 11.17+ 0.0l e 14.66 £ 0.07 a 11.68 £0.01d
4 61.71+£0.34 cd 62.29 +0.02 ab 66.72+0.09 a 12.86 £ 0.03 b 1420+ 0.01 a 9.96 +0.00
5 61.07 £ 0.44 cd 61.06 +0.08 be 57.89+1.06¢ 11.68+0.01d 10.89 +£0.03 d 12.13+0.08 ¢
6 58.02+0.20 ¢ 60.75 + 0.14 bed 64.46 +0.06 b 10.65+0.09 f 11.07 +£0.05d 8.01+023¢g
7 60.79+£0.26 d 59.77 +£0.28 cd 60.20+0.10d 1224+ 0.01 ¢ 11.16 £ 0.06 cd 13.1+£0.07b
8 60.98 +0.03 cd 64.12+0.14 a 66.79+0.10 a 13.08+0.12a 9.07+0.06 f 10.78 £0.13 ¢
9 61.95 +0.08 be 59.23+0.39 cd 63.04+023¢ 8.77+0.11h 10.06 £0.01 ¢ 10.73+£0.08 ¢
10 57.09+0.03 ¢ 58.28+0.02d 55.92+0.09 f 8.88+0.10 h 10.77 £ 0.11 de 10.82+0.10 ¢
Ortalama 60.93 60.95 62.23 11.01 11.62 11.28

*: Ayni siitunda farkl harflerle gosterilen ortalamalar arasindaki fark 6nemlidir.

Cizelge 5. Genotiplere ait 3 yillik toplam tekli doymamuis yag asitleri igerikleri

Tekli doymamus yag asitleri (%)

Genotipler Oleik asit (C18:1) Palmitoleik asit (C16:1)

1.Yil 2. Y1l 3.Y1l 1.Yil 2.Yd 3.Y1l
1 16.64 +0.04 c* 17.51+£0.20 ¢ 13.86 £0.11 ¢ 0.08+0.01b 0.09 + 0.00 abc 0.07+0.00 ¢
2 14.41 £ 0.09 ef 13.04+0.23 f 11.09 +0.09 £ 0.07+0.00 b 0.10+0.00 a 0.07 + 0.00 de
3 14.05+0.07 f 11.83+0.18 h 16.06 +0.25 cd 0.07+0.03b 0.05+0.00 f 0.07 £ 0.01 de
4 13.49+0.02 ¢ 12.28+0.05 ¢ 13.23+0.19¢ 0.08+0.01b 0.06 +0.01 ef 0.06+0.01 ¢
5 15.96 +0.05 d 16.42+0.17d 16.88 +0.05 b 0.07+0.02b 0.08 + 0.00 be 0.17+0.00 a
6 19.43+0.39b 17.46 £0.03 ¢ 16.14+0.03 ¢ 0.09+0.01b 0.08 +0.00 cd 0.09 +0.00 ¢
7 16.04+0.18 d 17.5+0.09 ¢ 15.42+0.50 d 0.07+0.02b 0.08 +0.00 ¢ 0.07 + 0.00 de
8 14.84+0.11¢ 15.68 +£0.03 ¢ 10.96 £0.27 £ 0.07+0.00 b 0.07+0.01 de 0.08 + 0.00 cd
9 19.10+0.11b 20.15+0.17 a 15.53+0.11 cd 0.05+0.01b 0.06 +0.01 ef 0.07 + 0.00 de
10 22.63+0.15a 19.6+£0.12b 20.53+0.34a 0.18+0.01a 0.09 + 0.00 ab 0.12+0.01b
Ortalama 16.65 16.14 14.97 0.08 0.07 0.08

*: Ayni siitunda farklr harflerle gosterilen ortalamalar arasindaki fark onemlidir.

4. Sonuc¢

Zengin besin igerigi bakimindan biiyiik 6neme sahip olan ceviz meyvelerinde 3 farkli iiriin
yilinda toplam protein, toplam yag, yag asidi icerikleri ile ilgili veriler elde edilmistir. Farkli iiriin
yillarinda alinan meyve Ornekleri +4°C’de muhafaza edilmis ve son yil tiim Orneklerde analizler
yapilmustir. Elde edilen bulgular gostermistir ki muhafaza edilen drnekler de toplam protein, toplam yag
ve yag asit i¢eriklerinde 6nemli diizeyde degisiklikler meydana gelmedigi tespit edilmistir. Ayrica bu
yillarda ki ortalama sicaklik ve yagis miktarlarmin da bu kimyasal bilesenler {izerine etkilerinin s6z
konusu olmadig1 belirlenmistir.

Ceviz, icerdigi doymamis yag asitleri bakimindan insan beslenmesinde biiyilk 6nem arz
etmektedir. Ciinkii insanlar bu yag asitlerini viicutta sentez yapamamakta ve bu nedenle dogrudan
disaridan yiyecekler ile almasi gerekmektedir. Bundan dolayidir ki basit depolama sartlarinda bile uzun
yillar besin igerigi bozulmadan kalabilen ceviz meyve tiirii insan saglig1 ve beslenmesinde biiyiik bir
Ooneme sahiptir.
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Anahtar kelimeler

Oz: Bu calismada Tiirkiye sebzeciliginde 6nemli bir yere sahip olan soganin
iretimi, fiyatindaki degisim, dis ticareti ve rekabet giiclii incelenmistir.
Tiirkiye’de 2,10 milyon ton civarinda sogan (yesil ve kuru) tiretilmektedir. 2017
verilerine gore Diinya kuru sogan iiretiminin % 22.23’{ Tirkiye’de {iretilmistir.
Son yillarda (2016) Tiirkiye’nin toplam sogan ihracat1 ve ithalati sirastyla 105 ve
20 bin ton kadardir. Sogan fiyatlarinin 2005-2017 déneminde yildan yilla artan
azalan bir seyir izledigi belirlenmistir. Bununla birlikte 2005 yil1 fiyatlarina gore

Fiyat, 2018 yilinda yesil sogan fiyatlar1 2.37 kuru sogan fiyatlar1 ise 2.61 kat1 artmustir.
ihracat, Ayrica Tiirkiye’nin soganda rekabet giicti (karsilastirmali iistiinliigiintin) 2012-
Uretim, 2014 doneminde derecesi zayif iken, 2015-2016 doneminde bir avantajinin
Rekabet giic, olmadi81 (dezavantaj) tespit edilmistir.
Sogan.

The Production, Price Change, Foreign Trade and Competition Power of

Onions in Turkey

Article Info Abstract: In this study, it was evaluated the production, price change, foreign
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trade and competition power of onions, which has a significant value in Turkey.
It is produced about 2.10 million tons of onions (dry or green) in Turkey.
According to 2017 data, Turkey has 22.23 % of production of onions in the
world. It was determined that onion prices increased or decreased year to year in
the period of 2005-2017. However according to 2005 prices, green and dry

Keywords onion prices increased by 2.37 and 2.61 times in 2018, respectively. In recent
Price, years (2016), dry onions exports and imports in Turkey are respectively 105 and
Export, 20 thousand tons. While Turkey's competitiveness (comparative advantages) in
Production, onions was low during the period 2012-2014, it has been determined not to have
Competition power, an advantage in 2015-2016. Besides, it is possible to increase production,
Onions. qualification, and competitiveness in export by means of the measures taken in
onions.
1. Giris

Tiirkiye Diinyada 6nemli bir sogan {ireticisi bir iilkedir. Nitekim 2017 yili verilerine gore
Diinya kuru sogan {iiretiminin 9.78 milyon ton oldugu dikkate alindiginda (Anon., 2018a) Tiirkiye
diinya sogan tiretiminde % 22.23’liik bir paya sahiptir. Ancak Tiirkiye’de 2018-2019 yillarinda sogan,
patates, domates gibi tarimsal iirlinlerin perakende fiyatlarmin yiiksek olmasi basta bu iiriinler olmak
iizere Tiirkiye’nin tarimsal iiretimde yeterliliginin ve perakende fiyatlarinin tartisilmasina neden
olmustur. Bu tartigmalarin odaginda sogan iiretimi ve ithalat1 yer almaktadir.
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Sogan Amaryllidaceae familyasimin bir iiyesi olup bilimsel ad1 Allium cepa’dir. Sogan kiiltiirii
oldukga eskilere tarihlere (MO 2800) dayanmaktadir. Tiirkiye’de de sogan yetistiriciligi oldukca eski
olup 15-16. Yiizyila ait Osmanli Tahrir Defterleri’nde (Yinang ve Elibiiyilik, 1988) sogan (piyaz) ile
ilgili kayitlar mevcuttur.

Tiirkiye’de sebze iiretimi ve i¢ ve dis pazarlarda degerlendirme durumu 6nceki ¢alismalarda
da incelenmistir (Alan ve Giiveng 1992; Giiveng ve Alan, 1994a, b; Kaymak ve ark., 2005; Giiveng ve
Kaymak, 2008). Bu incelemelerde ortaya konan ve giiniimiizde de gecerli olan durum iiretilen
sebzenin tamaminin i¢ pazarlarda degerlendiril(e)memesidir. Bu nedenle sebzelerin iiretimi yaninda
pazarlanmasi 6zellikle dis ticaret imkanlari 6nemlidir.

Sebze tiirlerinin Tirkiye’nin sebze ihracatindaki karsilastirmali istiinliiklerini, uluslararasi
rekabet giiclinli, ortaya koyan arastirma sayisi oldukga sinirlidir. Tiirkiye’nin iiretim ve ihracatina
agirlik verme(me)si Onerilen bazi sebze trilinleri; 1993-2012 donemini kapsayan bir arastirma ile
karsilagtirmali ustiinliikler teorisi ve en uygun kaynak tahsisi yontemleri dogrultusunda belirlenmistir
(Erkan ve ark., 2015). Yine Tiirkiye’nin, geleneksel ihra¢ tarim iiriinlerinin ¢ogunda (incir, kuru tiziim,
findik, fistik ve kuru kayisi) karsilagtirmali tistiinliigiiniin var oldugu bildirilmektedir (Erkan, 2012).
Farkli iilkelerin sebze ihracatinda durumunu ortaya koymak i¢in yapilan ¢alismalarda Macaristan’in
karsilagtirmali iistiinliige sahip oldugu (Ferté ve Hubbard, 2001); Slovenya’'nin ise karsilastirmali
iistiinliigiiniin olmadigi (Bojnec ve Fertd, 2006) belirlemistir.

Soganda ihracat ve rekabet giiciinii inceleyen ¢aligmalarin oldukga sinirli olmasi; son yillarda
(aylarda) sogan iiretimi ve perakende fiyatlari konusundaki tartismalar konunun ayrintili incelenmesini
zorunlu kilmaktadir. Bu nedenlerle ¢alismada Tiirkiye’de onemli bir kuru sebze olan soganin iiretimi,
fiyat degisimi, dis ticareti ve rekabet giicii degerlendirilmistir.

2. Materyal ve Yontem

Bu ¢aligmada, Tiirkiye nin sogan iiretimi, fiyat degisimi, rekabet giicii ve dig ticaret durumunu
tespit edilmesi amaciyla Tiirkiye Istatistik Kurumu (TUIK)/(Anon., 2018b) ile Tarim ve Orman
Bakanligi Bitkisel Uretim Genel Miidiirliigii’niin (BUGEM)/(Anon., 2018c) ilgili verilerinden
yararlanilmistir. Ayrica ¢alismada Birlesmis Milletler Gida ve Tarim Orgiitii’niin (Anon., 2018a)
istatistikleri de kullanilmigtir. Calismada FAO’nun iirlin kodu (Item code) 403 olan kuru sogana
(Onions, dry) ait Diinya (Area Code 5 000) ve Tiirkiye (Area Code 223) sogan iiretim alani; ihracat
(Element Code 5 910) ve ithalati miktar1 (Element Code 5 610); rekabet katsayisini hesaplamak igin
ihracat degerleri (Element Code 5 922) ait veriler kullanilmistir (Anon., 2018a).

Karsilastirmal Ustiinliik Katsayisi: Balassa’nin Agiklanmis Karsilastirmali Ustiinliik (AKU)
katsayis1 (Balassa Endeksi), karsilastirmali stiinliikleri ticaret sonrasi verilere dayali olarak
olgmektedir. Ulkenin belli mallarda (sektdrlerde) karsilastirmali iistiinliige sahip olup olmadigini
ortaya koymaya c¢alisan Balassa Endeksi; herhangi bir malin (sektdriin) iilkenin toplam ihracatindaki
payinin, s6z konusu malin (sektoriin) diinyanin (ya da boélgenin) toplam ihracatindaki payima oranini
ifade eder. Diger bir ifadeyle Balassa Endeksi; {ilkenin bir maldaki (sektdrdeki) yurtigi
uzmanlasmasmi (AKU endeksinin pay1), diinyanin (ya da bélgenin) uzmanlasmasiyla karsilastirir
(Bashimov, 2016). Diger bir ifade ile Aciklanmis karsilastirmali iistiinliikler katsayisimin (AKU
endeksi) pay kismi, malin (sektoriin) ulusal ihracattaki paymi (%); payda kismi ise, s6z konusu malin
(sektoriin) diinya toplam ihracatindaki payini temsil etmektedir (Mykhnenko, 2005). Buna gore; “j”
iilkesinin “t” doneminde “k” tarim iiriinii ihracatindaki aciklanmis karsilastirmalr iistiinliik (AKU)
katsayisinin belirlenmesinde benzer ¢aligmalar yiiriiten arastiricilar (Mykhnenko, 2005; Erkan ve ark.,
2015; Bashimov, 2016; Terin ve ark., 2018; Terin ve Yavuz, 2018 ve 2019) tarafindan da kullanilan
asagidaki formiilden yararlanilmistir (X: ihracat, t: donem, k: tarim {irlind, j: lilke, w: diinya).

j Jj
Xiee/ X

AKU;, = X2 /XY

(D

Herhangi bir tarimsal {iriiniin agiklanmis karsilagtirmali distiinliik katsayisinin 1’den biiyiik
olmasi, iilkesinin t doneminde o {irlinlin ihracat paymin, ayn1 déonemde toplam diinya ihracatindaki
payindan biiyiik oldugunu ifade etmektedir (Bashimov, 2016). Diger bir ifadeyle, iilke s6z konusu
tarimsal {irlin ihracatinda rekabet giicline sahiptir ve uzmanlasmistir.

635



YYU TAR BiL DERG (YYU J AGR SCI) 29 (4): 634-640
Giiveng / Tiirkiye’de Sogan Uretimi, Fiyat Degisimi, Dis Ticareti ve Rekabet Giicii

Séz konusu endekse gore; InAKUl, > 0 = Ulke tarim {iriinii ihracatinda uzmanlasmistir ve
iilkenin s6z konusu iiriinde ticaret performansi yiiksektir (Erkan ark., 2015).

Rekabet giiciinii gdstermek amaciyla Balassa'mn  AKU katsayisini 4 asamada
siniflandirmaktadir (Hinloopen, et al., 2001): (1)- Rekabet giicii yoktur: 0 <AKU< I; (2)- Zayif bir
rekabet giicii vardir: 1 <AKU< 2; (3)- Orta derecede rekabet giicii vardir: -2 <AKU< 4; (4)- Giiclii bir
rekabet giicii vardir: 4 <AKU.

Calismada kurumlarin veri tabanlarindan elde edilen veriler EXCEL programindan
yararlanarak ihtiyag duyulan korelasyon (r), sabit esasli zaman indeksi, yiizde (%), ve belirlilik
katsayis1 (BK) gibi hesaplamalar yapilmistir. Bagimli degiskendeki degisimin ne kadarinin bagimsiz
degiskence aciklanabilecegini gosteren ‘Belirlilik Katsayisi” (BK) korelasyon katsayismin karesi
alinarak hesaplanmistir (Yiizer ve ark., 2000).

3. Bulgular

3.1. Alan ve Uretim

2005-2018 doneminde Tiirkiye’nin sogan iiretim alanlarindaki degisim Cizelge 1’de
verilmistir. Tiirkiye’de 2004 yilinda {iretim alanlar1 yesil soganda 136 bin dekar, kuru soganda 788 bin
dekar kadardir. 2018 yilinda ise yesil sogan iiretim alan1 86 bin dekar, kuru sogan iiretim alan1 ise 527
bin dekardir. incelenen dénemde yesil sogan iiretim alanlarmin bir dnceki yila gore azaldigi; kuru
sogan {iretim alanlarin ise artip-azalan dalgali bir durum sergiledigi anlasilacaktir. Ayrica incelenen
dénemde 2005 yil1 sogan iiretim alanina gore daha sonraki yillarin tamaminda sogan iiretim alan1 daha
diistiktiir.

Cizelge 1. Soganda Uretim Alanindaki Degisim.

Yil Yesil Sogan (da) Degisim (%) Kuru Sogan (da) Degisim (%)
2005 133 810 100.00 772 800 100.00
2006 131 612 98.36 654 664 84.71
2007 122 033 91.20 649 228 84.01
2008 116 892 87.36 656 292 84.92
2009 112 561 84.12 605 579 78.36
2010 108 136 80.81 626 979 81.13
2011 98 369 73.51 661 185 85.56
2012 97 516 72.88 722 319 93.47
2013 96 627 72.21 616 324 79.75
2014 93 858 70.14 600 441 77.70
2015 90 785 67.85 577 040 74.67
2016 87972 65.74 604 026 78.16
2017 87393 65.31 576 918 74.65
2018 86 302 64.50 527133 68.21

Kaynak: Anon., 2018b (TUIK) verilerinden yararlanarak hazirlanmistir.

Tiirkiye’de 2004 yilinda yesil sogan olarak iiretimi 207 bin ton, kuru sogan iiretimi ise 2.04
milyon ton; 2018 yilinda ise sirasiyla 142 bin ton ve 1.93 milyon olarak gergeklesmistir (Cizelge 2).
2017 yili verilerine gore Diinya kuru sogan iiretimi 9.78 milyon ton oldugu dikkate alindiginda
(Anon., 2018a) Tiirkiye diinya sogan iiretiminde % 22.23’liik bir paya sahiptir. Tiirkiye’nin sogan
iretimi de incelenen 2005-2018 déneminde bir azalma s6z konusudur. Nitekim 2018 yilinda yesil
sogan tretimi 2005 yili liretim miktarma gore % 28.57, kuru sogan liretimi ise % 6,73 oraminda
azalmistir. Ayrica, Tiirkiye niifusunun 2005 yilinda 67.7 milyondan 2018 yilinda ise 82.0 milyona
arttig1 (Anon., 2018b) dikkate alindiginda sogan iiretiminin artan niifusa gore oransal anlamda da
azaldig1 ortaya ¢ikmaktadir.
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Cizelge 2. Taze ve Kuru Soganda Uretim Miktari.

Y. Uretim (Ton) Degisim (%) K. Sogan (Ton) (%)
2005 200 000 100.00 2 070 000 100.00
2006 200 875 100.44 1765 396 85.28
2007 185 140 92.57 1 859 442 89.83
2008 168 223 84.11 2007 118 96.96
2009 169 271 84.64 1 849 582 89.35
2010 165478 82.74 1 900 000 91.79
2011 153 823 76.91 2 141 373 103.45
2012 150 928 75.46 1735 857 83.86
2013 153 478 76.74 1 904 846 92.02
2014 148 255 74.13 1790 000 86.47
2015 141 691 70.85 1 879 189 90.78
2016 134 479 67.24 2120 581 102.44
2017 138 993 69,50 2175911 105.12
2018 142 854 71.43 1 930 695 93.27

Kaynak: Anon., 2018b (TUIK) verilerinden yararlanarak hazirlanmistir.
3.2. Fiyat Degisimi

Tiirkiye’de 2005-2018 doneminde sogan fiyatlarinda yillara gore degisim Cizelge 3’de
sunulmustur. Sogan yillara gore artan azalan bir seyir izlemekle birlikte 2005 yili fiyatlar1 temel
alindiginda (sabit esasli zaman indeksi) 2018 yilinda fiyatlarda yesil soganda 2.37 kuru soganda ise
2.61 kati bir artis olmustur. Soganda perakende fiyat artiglari 2018-2019 yillarinda Tiirkiye
kamuoyunu mesgul etmistir. Hatta biiyiik sehirlerde baz1 sebzelerin ucuz satilmasi amaciyla tanzim
satis magazalar1 kurulmustur. 2018 yilinda 2017 yilina goére kuru sogan fiyatlar1 % 100’e yakin
artmistir. Bu konunu daha iyi anlasilmasi icin 2018 yili fiyat artisin1 aylik degisimini incelemek de
faydali olacaktir. Fiyatlarin 2018 yilinda aylik degisimine bakildiginda haziran ayinda itibaren artis
trendine girdigi goriilecektir (Cizelge 4). Fiyat artiglar1 bazi perakende satis noktalarinda daha yiiksek
olabilmektedir.

Cizelge 3. 2005-2018 Doneminde Taze ve Kuru Sogan Fiyatlari ve Sabit Esasli Zaman Indeksine gére

Fiyat Degisimi.
Yil Y. Sogan Fiyati Degisim (%) K. Sogan Fiyat Degisim (%)
2005 0.94 100.0 0.36 100.0
2006 1.06 112.8 0.42 116.7
2007 1.19 126.6 0.48 1333
2008 1.36 144.7 0.43 119.4
2009 1.49 158.5 0.54 150.0
2010 1.86 197.9 0.89 247.2
2011 1.88 200.0 0.76 211.1
2012 1.98 210.6 0.49 136.1
2013 1,89 201.1 0.53 147.2
2014 1.78 189.4 0.52 144.4
2015 1.97 209.6 0.67 186.1
2016 2.19 233.0 0.76 211.1
2017 2.11 2245 0.56 155.6
2018 2.23 237.2 0.94 261.1

Kaynak: Anon., 2018b (TUIK) verilerinden yararlanarak hazirlanmistir.

Fiyat-tiretim iligkisi (Korelasyon) incelediginde yesil soganin iiretim miktar1 ile fiyati
arasindaki yiiksek (r: -0.956) derecede bir iligki bulunmustur. Kuru soganda ise bu iliskinin oldukca
diisiik oldugu (r=0.220) tespit edilmistir. Belirlilik katsayisinin yesil soganda (r*=0.913/% 90.3)
yliksek oldugu belirlenmistir.

637



YYU TAR BiL DERG (YYU J AGR SCI) 29 (4): 634-640
Giiveng / Tiirkiye’de Sogan Uretimi, Fiyat Degisimi, Dis Ticareti ve Rekabet Giicii

Bu bulgulart yesil soganda iiretim alan ve miktarinin azalmasi bulgularini desteklemektedir
(Cizelge 1 ve 2). Kuru soganda ise fiyat iiretim iliskisi (r>=0.0493/% 4.93) diisiik olarak belirlenmistir.
Bu bulgular kuru sogan fiyatlardaki degisimin {iretim miktarindan daha ¢ok diger faktorlerle iligkili
oldugu kanaatini giliglendirmektedir. Nitekim tarimsal {iriin fiyatlarinin belirlenmesinde etkili olan
ckonomik faktorler arasinda iilke ekonomisinin genel durumu ve fiyatlar genel diizeyindeki degisme
de sayilmaktadir (Karagolge ve ark., 1995). Bu gelismeler yaninda sogan fiyatlar iizerine liretim
sonrast depolama (stokguluk) gibi faktorler etkili olabilir.

3.3. D1s Ticaret ve Rekabet Giicii

Diinya kuru sogan dis ticaretinde 7 milyon ton kadar bir iiriin ihracati/ithalati1 s6z konusudur.
Tiirkiye’nin sogan ithalati yillara gore dalgali bir durum gostermekle birlikte oldukga diisiiktiir.
Diinya sogan ihracatinda Tiirkiye’nin pay1 2012°de % 2.15’1 iken 2016 yilinda % 1.45’dir. Tiirkiye nin
sogan ihracat1 2012-2014 arasinda artmis; 2015-2016’da ise azalmistir. Ancak Tiirkiye ihracati/ithalati
dengesi bakiminda soganda fazlasi olan bir iilke konumundadir. Ayrica, Tiirkiye nin sogan ihracati
2012’de 20.7 milyon dolar iken 2016’da 12.5 milyon dolara gerilemistir (Cizelge 5). Aym yillarda
Tiirkiye’nin diinya ihracatindaki pay1 ise sirastyla % 0.86 ve % 0.43 olarak belirlenmistir.

Cizelge 4.Sogan Fiyatlarinda 2017 ve 2018 yillarinda Aylik Degisim.

Yesil Sogan Kuru Sogan
Ay 2017 2018 2017 2018
Ocak 2.33 2.18 0.52 0.59
Subat 2.46 2.25 0.52 0.59
Mart 2.33 2.16 0.51 0.59
Nisan 2.24 2.17 0.52 0.61
Mayis 1.98 2.13 0.53 0.65
Haziran 1.97 2.15 0.56 0.90
Temmuz 1.94 2.15 0.62 1.07
Agustos 1.96 2.10 0.61 1.09
Eyliil 1.98 2.06 0.62 1.10
Ekim 2.12 2.18 0.58 1.14
Kasim 2.26 2.43 0.56 1.41
Aralik 2.27 2.74 0.58 1.56

Kaynak: Anon., 2018b (TUIK) verilerinden yararlanarak hazirlanmistir.

Cizelge 5. Kuru Soganda Diinya ve Tiirkiye nin Dis ticareti (Ton/yil).

Diinya Tiirkiye Diinya Ihracatinda
Yil Ihracati Ithalat Thracati Ithalat Turkiye'nin
Pay1 (%)
2012 6534 224 6314227 140 768 365 2.15
2013 7007 820 6 754 400 158 036 1224 2.26
2014 6935 588 6791 075 224 991 - 3.24
2015 6 890 034 7032 197 93390 196 1.36
2016 7299 372 7260 763 105910 20 1.45

Kaynak: Anon., 2018a (FAOSTAT) verilerinden yararlanarak hazirlanmistir.

Tiirkiye’nin soganda dis ticaretinde rekabet giicti 2012-2016 doneminde incelenmistir. Benzer
sekilde 2012-2016 doneminde AKU katsayisi dalgali bir seyir izlemekle birlikte 2014 yilindan sonra
azalma egilimindedir. Nitekim 2014’de 1.54’¢ yiikselen Karsilastirmali Ustiinliik Katsayis1 2016
yilinda 0.433’e diismiistiir (Cizelge 6). Eger indeks degeri birden biiylikse o iilkenin ilgili sektorde
karsilagtirmali Gistiinliige sahip oldugu sdylenir. Eger indeks degeri birden az ise iilkenin ilgili sektorde
karsilastirmali dezavantaja sahiptir (Bashimov, 2016). Bu katsaymin 2 ile 4 arasinda olmasi bir

638



YYU TAR BiL DERG (YYU J AGR SCI) 29 (4): 634-640
Giiveng / Tiirkiye’de Sogan Uretimi, Fiyat Degisimi, Dis Ticareti ve Rekabet Giicii

iilkenin orta derecede ihracatinda karsilastirmali istiinliige (rekabet giiciine) sahip oldugunu
gostermektedir (Hidloepen ve ark., 2001). Bu ¢alismadan elde edilen bulgular Tiirkiye’nin rekabet
giicliniin 2012-2015 doneminde zayif derecede olsa da var oldugunu ancak 2016 yilinda bir
avantajinin kalmadigimi (yok oldugunu) gdstermektedir (Cizelge 6). Bu durum son yillarda {iretimin
azalmas1 (Cizelge 2) ve i¢ pazarda talebin karsilanmasi i¢in pazarlamanin kolaylagsmasi ve soganin
perakende fiyatlarinin yiiksek (Cizelge 3) gibi bazi nedenlerden kaynaklanabilir.

Cizelge 6. Soganda Toplam ihracat degeri ve rekabet katsayisi.

il 8‘1(1)1(})’3 dolar) augl({)lg ilolar) g;i;lfigz;nin AKU Endeksi gz?:cﬂel;ll{
2012 2416987 20783 0.86 1010 Zayif
2013 3265 754 27225 0.83 1 005 Zay1f
2014 2781 683 36 661 1.32 1541 Zay1f
2015 3068 336 18 434 0.60 0 689 Yok
2016 2951710 12 545 0.43 0433 Yok

Kaynak: Anon., 2018a,b c verilerinden yararlanarak hazirlanmistir.

4-Tartisma ve Sonuc

Bu calismada Tiirkiye’nin sogan iiretim alanlar1 ve miktarinda-kuru soganda yesil sogana gore
daha az olsada-bir azalma oldugu belirlenmistir. Buna karsi sogan fiyatlari ise artma egilimdedir: Yesil
sogan fiyatlarindaki artma ile iirettim arasinda yliksek; kuru sogan fiyattaki artma ile {liretim arasinda
diistik bir iliskinin varlig1 belirlenmistir. Kuru sogan fiyatlarindaki artis diger faktdrlerden daha fazla
etkilendigi sonucuna ulagilmistir. Bunun yaninda sogan ihracatinda miktar ve deger olarak bir azalma
vardir. Bu gelismeler soganda ihracatta rekabet giiciinii de etkilemigtir. Nitekim 2012-2015 doneminde
ihracatta rekabet giiclinlin zayif; 2016 yilinda ise rekabet giiciiniin yok oldugu (avantajinin kalmadigi)
tespit edilmistir.

Sogan Ulkemizde birgok ydrede sogan iiretimi yaygin olarak yapilmaktadir. Ciftinin elde
ettigi gelir agisindan bakildiginda, yildan yila sogan arzindaki farkliliklar ve buna bagl olarak degisen
sogan fiyatlari-6zellikle kuru sogan iiretiminde- 6nemli bir sorundur. Sahip oldugu ekolojik sartlar
sogan tlretimine olduk¢a uygun olan (Giiveng, 2017) Tirkiye; bu potansiyelini i¢ ve dis pazar
ihtiyaglarin1 karsilamak i¢in yeterince degerlendirememektedir. Bu nedenle {iretim ve pazarlama igin
gerekli tedbirler alinmahdir. Soyle ki, {iretim asamasmda gilibreleme, hastalik ve zararlilarla
miicadele; tliretim sonrasinda “Hal Yasas1” olarak bilinen 5957 Sayili Kanunda giincelleme yapilmasi
gibi pazarlama ile ilgili 6nlemler alinmasi bir ihtiyagtir.
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Oz: Bitkilerin spektral yansima karakteristikleri bitki besin maddesi
konsantrasyonlari, stres ve diger faktorlerin etkisi ile vejetasyon periyodu
boyunca farklilik gostermektedir. Roka (Eruca sativa L.) gibi yapragi yenen
sebzelerde verimi arttirmak ve tiiketicinin tercih ettigi koyu yesil yaprak rengini
kisa siirede saglayabilmek icin yogun giibreleme yapilmaktadir. Bu c¢aligmada
roka bitkisine artan dozlarda tabandan uygulanan kati ve sivi organik giibre
uygulamalarmin, elektromanyetik spektrumun farkli dalga boyu araliindaki
enerji kullanimi iizerine etkileri aragtirilmistir. Calisma kontrollii sera ortaminda
tesadiif parselleri deneme desenine gore yiiritiilmiistiir. Denemede bitki yetisme
periyodu siiresince farkli dozlarda tabandan kati organik giibre (KOG) ve
damlamadan sivi organik giibre (SOG) uygulanmistir. Bu siirecte elektromanyetik
spektrumun 330-1075 nm dalga boyu araliginda el spektroradyometresi ile
spektroradyometrik Olgiimler gergeklestirilmigtir.  Arastirma sonucunda, her
Olciimde uygulamalar ve donemler arasinda istatistiksel olarak farkliliklarin
oldugu tespit edilmistir. Kati+sivi organik giibre uygulamalarinin spektral
yansima tizerinde olusturdugu varyasyonun en fazla ve en az oldugu o6lgtimler
sirastyla mavi band bolgesinde; 4. ve 8. dlglimler, yesil band bolgesinde; 5. ve 3.
Olglimler, kirmizi band bolgesinde; 2. ve 8. Olglimler, yakin infrared band
bolgesinde ise; 2. ve 7. Olglim donemlerinde tespit edilmistir. Bu sonuglar
dogrultusunda varyasyonun en fazla ve en az oldugu 6l¢iim dénemlerinin bitki
stres kosullarinin tespit edilmesinde belirleyici oldugu sonucuna ulagilmistir.
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Abstract: Spectral reflection characteristics of plants vary during the vegetation
period with the effect of plant nutrient concentrations, stress and other factors.
Intense fertilization is done in order to increase the yield and to provide the dark
green leaf color preferred by the consumer in a short time, such as rocket (Eruca
sativa L.). In this study, the effects of solid and liquid organic fertilizer
applications applied to the arugula at increasing doses on the energy usage in
different wavelength ranges of the electromagnetic spectrum were investigated.
The study was carried out in a controlled greenhouse environment according to
randomized plot design. In the experiment, solid organic fertilizer (KOG) and
liquid organic fertilizer (SOG) were applied at different doses throughout the
plant growing period. In this process, spectroradiometric measurements were
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performed by hand spectroradiometer in the wavelength range of 330-1075 nm
of the electromagnetic spectrum. As a result of the research, it has been found
that there are statistical differences between applications and periods in each
measurement. Measurements where the variation on spectral reflection of the
solid + liquid organic fertilizer applications were the highest and the least were
in the blue band region respectively; Measurements 4 and 8, in the green band
region; Measurements 5 and 3, in the red band region; Measurements 2 and 8
are in the near infrared band; It was determined during the 2nd and 7th
measurement periods. In line with these results, it was concluded that the
measurement periods with the highest and lowest variations were determinative
in determining plant stress conditions.

1. Giris

Anavatan1 Akdeniz bolgesi olarak kabul edilen roka (Eruca sativa L.) yapraklan tiiketilen bir
sebzedir (Vural ve ark., 2000). Roka bitkisinin Tirkiye 6lgeginde 10.38 bin dekar iiretim alaniyla
birlikte 12.93 ton iiretim miktart bulunmaktadir. Roka yetistiriciliginde toplam iiretim alaninin %2.55,
iiretim miktarinin ise %1.69’u Antalya ilinde yapilmaktadir (Anonim, 2018). Roka (Eruca sativa L.)
gibi yapragi yenen sebzelerde verimi arttirmak ve tiiketicinin tercih ettigi koyu yesil yaprak rengini
kisa zamanda saglayabilmek i¢in yogun giibreleme yapilmaktadir. Halbuki iiretim alanlarinda toprak
verimliligini korumak, verim, kalite ve karlilik dengesini koruyabilmek i¢in kullanilacak giibrelerin
kaynaginmn, kullanim dozunun ve zamanimin iyi belirlenmesi gerekir (Goziikara ve ark., 2014;
Goziikara ve ark., 2016; Kalkan ve ark., 2017). G6z 6niinde bulundurulmasi gereken bu faktorler
iiretim periyodu 1-1.5 ay olan roka bitkisinin yetistiriciliginde ise biiyiik 6nem tagimaktadir.

Binlerce yildir Anadolu topraklarinda tarim yapilmasi nedeniyle topraklar verimsizlesmis,
erozyon nedeniyle tagimnmis, iklim degisimi nedeniyle topraklar ya tuzlanmis ya da asir1 yagislarla
kiitle hareketlerine maruz kalip degrade olmustur. Tiim bu sebepler topraklarimizin organik madde
miktarin1 azaltmis buna bagli olarak, 6zellikle organik giibre kullanimi zorunlu olmustur. Organik
giibreleme; topragin fiziksel, kimyasal (Alagdz ve ark., 2006; Yilmaz ve Sonmez, 2017) ve biyolojik
(Uz ve ark., 2016) 6zelliklerinin iyilestirmekle ¢evre tizerine olumlu etkiler saglamaktadir. Boylelikle
ekolojik ve ekonomik anlamda hem bolgesel hem de kiiresel katki saglamaktadir. Bu olumlu etkiler
dikkate alindiginda, toplam giibreleme orani igerisinde kati ve sivi organik giibre kullanimi, giin
gectikee artig egilimindedir (Kalkan ve ark., 2017). Giibrenin az veya ¢ok uygulanmasi bitkiler i¢in
stres kosullar1 olusturmaktadir. Stres kosullarinin belirlenmesinde kullanilan yeni teknolojik
yontemlerden birisi de wuzaktan algilama teknolojisidir (Jackson 1984). Uzaktan algilama
calismalarinda temel unsur, bitkilerin elektromanyetik spektruma verdikleri tepkinin belirlenmesidir.
Bitkiler, spektrumun farkli dalga boyu boélgelerinde farkli absorbsiyon ve yansitma ozellikleri
gosterirler (Merzlyak ve ark., 2003; Sonmez ve ark., 2015; Goziikara ve ark., 2019).
Spektroradyometre ile kaydedilen spektral yansima sayesinde bitkilerin mineral besin elementi
konsantrasyonu, gelisme durumlar1 ve stres kosullariin izlenmesi ve arasindaki iligkinin ortaya
cikarilmast miimkiin olabilmektedir (Chappelle ve ark., 1992, Blackmer ve ark., 1994, Zhao ve ark.,
2003, 2005; Sari ve ark., 2005a; Zhao ve ark., 2007; Sonmez ve ark., 2008a-b; Altunbas ve ark.,
2018a, Altunbag ve ark., 2018b; Goziikara ve ark., 2019). Uzaktan algilama teknik ve teknolojileri
arasinda tarla-bahge-sera ortamlarinda, bitkiye yakin tutularak 6l¢iim yapabilen spektroradyometre
gibi cihazlar kullanilmaktadir. Yersel uzaktan algilama Ol¢limleri olarak da adlandirilan bu
spektroradyometrik olg¢limlerle, bitki stres kosullarinin belirlenmesi ve izlenmesi ile ilgili ¢aligmalar
uzun yillardan beri yapilmaktadir (Rahman ve ark., 1994; White, 1998; Zhao ve ark., 2005; Viscarra
Rossel ve ark., 2006; Sénmez ve ark., 2008; Basayigit ve ark., 2015; Sonmez ve ark., 2015; Zhao ve
ark., 2017; Altunbas ve ark., 2018a, Altunbas ve ark., 2018b; Goziikara ve ark., 2019).
Aragtirmacilariin stres kosullarinin belirlenmesi ve izlenmesi ile ilgili bulgulart ve tespitlerinden de
anlagilacag1 iizere, bitkilerin spektral yansimalarinin donemlik veya iiretim sezonu boyunca
degisimlerine ilgi duyarak ayrintili ¢aligma yapma ihtiyacini hissetmislerdir. S6z konusu bu arastirma
ihtiyacinin, spektral yansinin hangi kosullarda artis ya da azalis egiliminde oldugunun tam olarak
kesinlestirilememis olmasindan kaynaklandigi agiktir. Bu arastirmanin amaci, roka (Eruca sativa L.)
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bitkisine farkli dozlarda uygulanan organik giibrelerin (SOG+KOG) elektromanyetik spektrumun
farkli dalga boylarindaki yansima karakteristigi iizerine etkilerini arastirmaktir.

2. Materyal ve Yontem
2.1. Materyal

Tiirkiye’nin Akdeniz Bolgesinde yer alan Antalya ilinde ortii alti roka yetistiriciliginde tercih
edilen ve Kiigiik Ciftlik Tohumculuk tarafindan {iretilen Bengi Fi Roka (Eruca sativa L.) gesiti
materyal olarak kullanilmigtir. Caligma kapsaminda her bir parsele (21 farkli parsel) 32 adet roka
tohumu ekilmistir. Deneme 36°53'54.60 " Kuzey enlemleri ile 30° 38'16.99" Dogu boylamlari arasinda
ve 32 m deniz seviyesinden yiikseklikte yer alan kontrollii sera ortaminda yiiriitiilmiistiir (Sekil 1).

-
o
-
-

0% | Sl T
S b b 4 L0

Sekil 1. Caligma alaninin cografik konumu ve roka bitkisinin gelisiminden genel goriiniim

2.2.Yontem

Arastirma, kontrollii sera kosullarinda tesadiif parselleri deneme desenine goére 3 tekerriirlii olarak
ylriitiilmiistiir. Calisma asamalari; organik giibre uygulamalari, spektral Sl¢limler ve laboratuvar
analizlerinden olusmaktadir.

2.2.1. Kati-s1v1 organik giibre uygulamalari

Denemede kontrol uygulamasi da dahil tabandan kati1 ve damlamadan sivi organik giibre uygulamalari
ile birlikte yedi (7) farkli uygulama yapilmistir (Cizelge 1).

Cizelge 1. Kati s1v1 organik giibre uygulamalari

Ko U Uy Us Uy Us Us
Kati Organik Giibre (kg.da™) 0 0 300 600 0 300 600
Sivi Organik Giibre (It.da™!) 0 20 40 20 40 20 40

Kat1 organik giibreler dikimden &nce uygulama dozu kadar parsellere homojen olarak tek seferde
uygulanmigtir. Sivi organik giibreler ise iiretim periyodu boyunca parsellere 10 farkli seferde
damlamadan uygulanmistir. Cizelge 2’de denemede uygulanan kati ve sivi organik giibrelerin bazi
ozellikleri verilmistir.
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Cizelge 2. Kat1 ve s1v1 organik giibrelerin baz1 kimyasal 6zellikleri

Parametreler Kat1 Organik Giibre S1vi Organik Giibre
(Altavita) (Altaverde)

Organik madde (%) 50 20
Himik+Fiilvik asit (%) 40 15
Toplam N (%) 2 3

Toplam P (%) 2 0.7
Toplam K (%) 1 5

Kuru madde max (%) 80 40

pH 5.5-7.5 6-7

C/N 15/1 4/1

2.2.2. Spektral ol¢iimler

Spektroradyometrik dlclimlerde tasinabilir Analytical Spectral Devices (ASD) FieldSpec FR) Hand
Held spektroradyometresi kullanilmigtir. Yapraktan 6l¢iimler Spektrumun 325-1075 nm dalga boylar
araliginda bitki probu (plant probe) ve temas probu (kontact probe) ile yapilmistir. Spektoradyometrik
Olglimlerin tamami bitki gelisimi periyodunda olgunluk donemine kadar belirli araliklarla
elektromanyetik spektrumun 330-1075 nm dalga boyu araliginda gergeklestirilmistir. Calismada
bitkiyi en iyi temsil eden yapraklar dl¢iim amaci ile kullanilmistir. Sonrasinda ise her bir 6l¢iimde elde
edilen spektral verilerde veri karmagasina neden olunmamasi amaci ile elde edilen spektral yansima
degerleri mavi (450-500 nm), yesil (501-570 nm), kirmiz1 (610-700 nm) ve yakin kizilotesi (NIR)
(701-1075 nm) dalga boyu araliklarinda ayr ayr kategorize edilerek incelenmistir.

2.2.3. Toprak analizleri

Bitki dikimi 6ncesinde, toprak orneklerinin EC-pH’lar1 1:2.5 toprak:su karisiminda (Jackson, 1967),
CaCO:s igerikleri Scheibler Kalsimetresiyle (Evliya, 1964), toprak biinyesi hidrometre yontemine gore
(Bouyoucos, 1955), organik madde modifiye Walkley-Black metoduna gore (Black, 1965)
belirlenmistir. Toplam N modifiye Kjeldahl metoduna gore (Kacar 1995), alinabilir P Olsen metoduna
gbre (Olsen ve Sommers, 1982), degisebilir K, Ca ve Mg analizleri 1 N amonyum asetat (pH=7)
metoduna gore (Kacar ve Inal, 2008) ve alinabilir Fe, Zn, Mn ve Cu analizleri ise DTPA metoduna
gore (Lindsay ve Norwell, 1978) yapilmistir.

2.2.4.istatistik Analizler

Istatistik analizler i¢in Minitab 17.0 (MINITAB Inc, 2014) ve SPSS 22.0 programlar1 kullanlmistir
(IBM SPSS statistics, 2014).

3. Bulgular ve Tartisma

Calisma alanimin toprak analiz sonuglar1 (Cizelge 3); pH degeri gore hafif alkalin Kellog
(1952), CaCOsigerigi gore yiiksek kirecli Evliya (1964), EC tuzsuz (Soil Survey Staff, 1951), organik
madde az Horoz (2002), toplam N igerigi iyi Loue (1968), alinabilir P igerigi ¢ok yiiksek (Olsen ve
Sommers, 1982), degisebilir K icerigi yiiksek (Pizer,1967), degisebilir Ca ve Mg igerikleri iyi (Loue,
1968), alnabilir Fe ve Zn igeriklerinin fazla, almabilir Mn ile Cu igeriklerini yeterli olarak
degerlendirilmektedir (Lindsay ve Norvell 1978).

Arastirma sonucunda, farkli dozlarda uygulanan kati ve sivi organik giibrenin mavi, yesil,
kirmizi ve NIR dalga boylarindaki yansima {izerindeki etkileri varyans analizi ile tespit edilmistir (
Cizelge 4). Varyans analiz sonuglarina gore; spektral yansima iizerine organik giibre dozu, donem ve
doz*donem interaksiyonun etkileri istatistiksel olarak P <0.01 diizeyinde 6nemli bulunmustur (Cizelge
4).
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Cizelge 3. Caligma alam topraklarinin bazi fiziksel ve kimyasal 6zellikleri

Ozellikler Deger
Kum (%) 40
Silt (%) 22
Kil (%) 38
EC (1:2.5) (dS m") 0.69
pH (1:2.5) 7.54
Kirec (%) 17.40
Organik Madde (%) 2.05
N (%) 0.12
P (ppm) 170
K (meq 100 g ) 1.46
Ca (meq 100 g™ 21.30
Mg (meq 100 g) 3.88
Fe (mg kg™) 4.68
Mn(mg kg™) 12.64
Zn (mg kg™) 9.14
Cu (mg kg™ 7.32

Cizelge 4. Varyans analiz sonuglari

Varyasyon kaynagi df F Degeri Varyasyon kaynagi df F Degeri
Mavi Dalga Boyu (450-500 nm) Kirmizi Dalga Boyu (610-700 nm)

Organik giibre dozu (A) 6 26.16 **  Organik giibre dozu (A) 6 32.51 **
Donem (B) 7 400.65 **  Donem (B) 7 424.08**
AxB 42 13.77 **  AxB 42 13.61 **
Hata 112 Hata 112

Yesil Dalga Boyu (501-570 nm) Yakin Infrared (NIR) Dalga Boyu (701-1075)
Organik giibre dozu (A) 6 17.31 **  Organik giibre dozu (A) 6 512 **
Donem (B) 7 291.39 **  Donem (B) 7 139.90 **
AxB 42 10.49 **  AxB 42 4.80 **
Hata 112 Hata 112

* %9 1 diizeyinde onemli

Roka yetistiriciliginde tiretim sezonu boyunca mavi, yesil, kirmizi ve NIR bandlarda kaydedilen
spektral yansimalar degerlendirildiginde; mavi dalga boyunda elde edilen spektral yansimalarin
kontrol grubu ve kati+sivi organik giibre uygulamalarin tamaminin {iretim sezonunun sonuna dogru
azalma egiliminde olduklart belirlenmistir (Cizelge 5, Sekil 2). Katitsivi organik giibre
uygulamalarinin spektral yansima {izerine en fazla etkisi 4. 6l¢iim en az etkisi ise 8. 6l¢glimde meydana
gelmistir (Cizelge 5). Kat1 ve s1vi organik giibre uygulamalarinin roka bitkisinin spektral yansimasi
iizerindeki etkisi 1., 2., 3. ve 4. dlglimlerde daha belirgin iken diger 6l¢limlerde ise bu etkinin daha
sinirlt oldugu tespit edilmistir (Cizelge 5). Aym1 zamanda kati giibre ile birlikte uygulanan sivi
giibrelerin ise kati1 giibrelere gdre mavi dalga boyundaki enerji kullaniminda daha etkili oldugu
belirlenmistir. Diger uygulamalardan farkli olarak U, uygulamasi sonucunda roka bitkisinin mavi band
araligindaki spektral yansimasi lizerindeki etkisi 4. 6l¢iime kadar genel olarak artis egiliminde, sonraki
Olglimlerde ise diger uygulamalarda oldugu gibi azalis egiliminde oldugu tespit edilmistir.
Uygulamalarin mavi bant aralifindaki enerji kullannmindaki en belirgin farkliliklar ise 1., 2., 3., 4. ve
5. olgiimlerde gozlemlenmistir (Sekil 2). Ozellikle kat1 giibrelerin yogun oldugu U,, Ui, Us ve Us
uygulamalar1 neredeyse Ol¢iimlerin tamaminda kontrol grubuna gore daha fazla spektral yansimanin
ortaya ciktig1 tespit edilmistir (Cizelge 5). Siv1 organik giibrelerin kat1 organik giibrelere gére mavi
band araligindaki spektral yansimalar tizerinde ise daha az artisa neden oldugu belirlenmistir.
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Cizelge 5. Uygulamalarin mavi band araligindaki spektral yansima iizerine etkileri

Mavi Band

1.0l¢iim 2.0lciim 3.0l¢iim 4.0l¢iim 5.0l¢iim 6.0lciim 7.0l¢iim 8.0l¢iim
K 0.058cA 0.058b4B 0.056abC  0.056cdBC  0.052¢DE 0.052aFE 0.054bCD 0.047aF
Up 0.062b4 0.057bB 0.055abC  0.054dC 0.052¢D 0.050bE 0.052dDE 0.045bF
Uz 0.056dC 0.061aB 0.052¢D 0.064a4 0.053bcD 0.047¢E 0.053¢D 0.047aE
Us 0.064a4 0.063a4 0.055bB 0.06164 0.054bcB 0.049b6cC 0.056aB 0.048aC
Us 0.061h4 0.053¢C 0.052c¢C 0.057cB 0.053bcC 0.048deD 0.052c¢C 0.045bE
Us 0.063abA 0.061aB 0.057aC 0.055¢dD 0.057aC 0.048cdF 0.051dE 0.048aF
Us 0.058¢cB 0.063a4 0.0556C 0.055¢cdC 0.055abC 0.0496cD 0.0556C 0.045bE
Max  0.064aA 0.063aA4 0.057aC 0.064aA 0.057aC 0.052aFE 0.056aB 0.048aF
Min  0.056dC 0.053¢cC 0.052¢C 0.054dC 0.052¢D 0.047eE 0.051dE 0.045bE

CV 490 6.15 3.55 6.65 3.57 3.20 3.17 3.07

Biiyiik Harflendirmeler; Olgiimler (dénem) arasinda, Kiigiik Harflendirmeler ise uygulamalar (kati+siv organik giibre )
arasindaki farklilig gostermektedir
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Sekil 2. Uygulamalarin mavi dalga araligindaki spektral yansima {izerine etkilerinin iiretim periyodu
boyunca degisimi

Uretim sezonunun sonuna dogru kontrol grubu ve kati+sivi organik giibre uygulamalarinin
tamaminda yesil band araliginda elde edilen spektral yansimalarin azalma egiliminde olduklar
belirlenmistir (Cizelge 6, Sekil 3). Kat1 ve siv1 organik giibre uygulamalarinin roka bitkisinin spektral
yansimasi {izerindeki etkisi en fazla 5. 6lgiimde en az 3. dlglimde belirlenmistir (Cizelge 6). Genel
olarak organik giibre uygulamalar spektral yansima iizerinde yetistirme periyodunun olgunluk
donemlerinde (4., 5. ve 6. Olgiim donemleri ) daha fazla varyasyona neden olmustur.  Spektral
yansimanin artigi lizerinde kat1 giibrelerin 1., 2., 3. ve 4. 6l¢limlerde siv1 giibrelerin ise 5., 6., 7. ve 8.
Olciimlerde daha etkili olduklar: tespit edilmistir. Altunbas ve ark., (2018b), Craig ve Shih (1998)
yaptiklari bir ¢alismada da, artan oranda uygulanan organik giibre dozlarinin etkisinin elektromanyetik
spektrumun 500-600 nm’deki yesil-sart spektral bolgede yansimada onemli bir artisla kendini
gosterdigi belirlemislerdir.

Cizelge 6. Uygulamalarin yesil band araligindaki spektral yansima tizerine etkileri

Yesil Band
1.0kim  2.0Lim  3.0lciim 4.0lciim 5.0l¢iim 6.0lciim 7.0l¢iim 8.0l¢iim
K 0.178cA 0.171cB 0.148bDE  0.142dF 0.143cF 0.151aC 0.147bcE 0.150aCD
Up 0.186a4 0.176bcB 0.158aDE  0.164aCD 0.165aC 0.151aEF 0.147bcF 0.134¢dG
Uz 0.175dA4 0.176bcA 0.157aB 0.156¢B 0.172aA4 0.128dC 0.152abB 0.135bcdC
Us 0.184bB 0.194a4 0.154abD 0.162abC 0.152bD 0.145bE 0.145¢E 0.142bE
Us 0.176¢dA 0.173cA 0.158aB 0.157bcB 0.144cC 0.133¢D 0.136dCD 0.132dD
Us 0.165¢D 0.185abA 0.158aC 0.166aB 0.153b6D 0.148abDE 0.148bcE 0.141bcF
Us 0.177cdA 0.178bcA 0.160aB 0.152¢D 0.154bCD 0.145bE 0.157aBC 0.141bcE
Max 0.186aA 0.194aA 0.160aB 0.166aB 0.172aA 0.151aEF 0.157aBC 0.150aCD
Min  0.165eD 0.171cB 0.148bDE 0.142dF 0.143cF 0.128dC 0.145cE 0.132dD
CV  3.64 5.38 3.26 5.20 6.75 6.20 4.55 4.96

Biiyiik Harflendirmeler; Olgiimler (dénem) arasinda, Kiigiik Harflendirmeler ise uygulamalar (kati+stv1 organik giibre) arasindaki
farklihi@i gostermektedir
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Sekil 3. Uygulamalarin mavi dalga araligindaki spektral yansima {izerine etkilerinin iiretim periyodu
boyunca degisimi

Uretim sezonunun sonuna dogru kontrol grubu ve kati+sivi organik giibre uygulamalarinin
tamaminda kirmizi band araliginda elde edilen spektral yansimalarin azalma egiliminde olduklari
belirlenmistir (Cizelge 6, Sekil 3). Sari ve ark., (2005b)’ e gore elektromanyetik spektrumun kirmizi
dalga boyunda diisiik yansima (yiiksek enerji kullanimi) gdstermesi fotosentez i¢in yapraklardaki
klorofil pigmenti tarafindan enerjinin tutulmasi anlamina gelmektedir. Arastirmacilarin bu bulgular
ise Uretim periyodunun sonuna dogru metabolik faliyetler sonucunda olusan klorofil pigmenti
miktarindaki artisin spektral yansimanin diismesi iizerinde etkili olmus olabilecegi diisiincemizi
desteklemektedir. Kat1 ve sivi organik giibre uygulamalarinin roka bitkisinin spektral yansimasi
iizerindeki etkisi en fazla 2. 6l¢iimde en az 8. 6lgiimde belirlenmistir (Cizelge 7). Kat1 ve siv1 giibre
dozlarmin &zellikle ilk bes Olglimde spektral yansimanmin artisi iizerinde etkili iken 6., 7. ve 8.
olgiimlerde ise genellikle kontrol grubundan dahi daha diisiik spektral yansima vermesinde etkili
olduklari tespit edilmistir (Cizelge 7).

Cizelge 7. Uygulamalarin kirmizi band araligindaki spektral yansima {lizerine etkileri

Kirmizi Band

1.0Icim  2.0lgim  3.0l¢iim 4.0l¢iim 5.0l¢iim 6.0lciim 7.0l¢iim 8.0l¢iim
K 0.087cdA 0.088d4 0.077bB 0.074eC 0.074bcC 0.075aC 0.074bC 0.074aC
Ui 0.097a4 0.090cdB 0.079abC  0.076eCD 0.073bcDE 0.074abCD 0.073bDE  0.068cE
Uz 0.088cA4 0.092cdA 0.080abB 0.082bcB 0.083aB 0.065¢E 0.070cD 0.075aC
Us 0.092hB 0.100a4 0.080abD 0.084aC 0.074bcEF 0.074abE 0.073bFG 0.072bG
Us 0.089cA4 0.082eB 0.072¢D 0.078dC 0.071cDE 0.067dF 0.069¢cEF 0.071bDE
Us 0.083eB 0.096abA 0.082aB 0.083abB 0.0766C 0.074bcD 0.073bD 0.0716D
Us 0.086dB 0.094bcA 0.083aC 0.080cD 0.076bE 0.072¢cF 0.077aE 0.0706G
Max  0.097aA 0.100aA4 0.083aC 0.084aC 0.083aB 0.075aC 0.077aE 0.075aC
Min  0.083eB 0.082eB 0.072¢D 0.074eC 0.071cDE 0.065¢E 0.069cEF 0.068cE
CV 49] 6.34 5.49 4.73 5.15 5.53 3.91 3.53

Biiyiik Harflendirmeler; Olgiimler (dénem) arasinda, Kiigiik Harflendirmeler ise uygulamalar (kati+sivi organik giibre) arasindaki
farklihi@i gostermektedir
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Sekil 4. Uygulamalarin mavi dalga araligindaki spektral yansima tizerine etkilerinin {iretim periyodu
boyunca degigimi
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Bitkilerin stres kosullarinin belirlenmesinde en onemli belirleyici dalga boyu araliginin
elektromanyetik spektrumun yakin kizil Gtesi bolgesi oldugu pek c¢ok arastirmaci tarafindan ifade
edilmektedir (Slaton ve ark.,2001; Lennartsson, 2003; Leone ve ark., 2007; Lillhonga ve Gelady,
2011; Cao ve Zhan, 2014; Zhao ve ark., 2017 ). Uretim sezonunun sonuna dogru kontrol grubu ve
uygulamalarin tamaminda yakin kizil 6tesi band araliginda elde edilen spektral yansimalarin 5. 6l¢iim
hari¢ diger dl¢limlerde azalma egiliminde olduklar1 belirlenmistir (Cizelge 8, Sekil 5). Kat1 ve siv1
organik giibre uygulamalarinin roka bitkisinin spektral yansimasi tizerindeki etkisi en fazla 2. 6l¢iimde
en az 7. 6l¢imde belirlenmistir (Cizelge 8). Kati1 ve sivi giibre dozlarinin 6zellikle 6. ve 8. dlglimlerde
spektral yansimada kontrol grubuna gore azalma, diger Glglimlerde ise uygulamalarin neredeyse
tamamu spektral yansima iizerinde artisa neden olmustur (Cizelge 8). Calismadan elde edilen bulgular
degerlendirildiginde, artan dozlarda uygulanan organik giibrelerin sadece 2., 3., 4. ve 5. Ol¢lim
donemlerinde kontrol grubuna goére daha fazla spektral yansimada artisa neden oldugu tespit
edilmistir. Diger Ol¢limlerde ise uygulamalar ile kontrol grubu arasinda istatistiksel olarak fark
olmasina karsilik spektral yansimada ¢ok ciddi farkliliklar tespit edilmemistir.

Cizelge 8. Uygulamalarin NIR band araligindaki spektral yansima lizerine etkileri

NIR Band

1.0lcim  2.0lcim  3.0lciim 4.0lctim 5.0lcim  6.0lcim  7.0lciim 8.0lciim
K  0991a4 0.915bB  0.892¢C 0.879eC 0911dB  0.863bD 0.910cdB 0.918aB
Ui 0.996a4 0.9295C  0.906bcD 0918aCD  0973aB 0.881laE  0919aC 0.924aC
Uz 0.993a4 0.939hB  0.932aBC 0.901cD 0.973aA 0.831dE  0917ab 0.907bD
Us 0.946bBC 1.014a4 0921abCD 0911abDE 0.965bB 0.836¢cdF 0.914abcCDE 0.884cE
Us  0.984a4 0.924bB  0.902bcB 0.919aB 0.929¢cB  0.848¢C  0.907dB 0.918aB
Us 0.976a4 0.973abA 0.908bcB 0.908bcB 0.965b4 0.845¢C  0.912bcdB 0.918aB
Us 0.980a4 0.976abA 0.910abcBC 0.889dC 0.975a4 0.862bD 0.912cdB 0917aB
Max 0.996aA4 1.014aA4 0.932aBC 0.919aB 0.975a4 0.863bD  0.919aC 0.924aC
Min  0.946bBC 0.915bB  0.892cC 0.879eC 0.911dB  0.831dE  0.907dB 0.884cE

CcV 210 4.83 1.75 1.63 2.55 2.09 0.52 1.50

Bilyiik Harflendirmeler; Olgiimler (ddnem) arasinda, Kiigiik Harflendirmeler ise uygulamalar (kati+sivi organik giibre) arasindaki
farklilig1 gostermektedir

——K ——U]l —h—U2 —=¢=U3 —de=U4 U5 —+—U6

_ 1,020 E E E E E
@ | | | i i
© | i i i i
£ 0,070 - | | |
5 0,920 ! , — | =EEEE
c I
3 ! P
« 0,870 ;
2 E

0,820 ‘

1.0l¢im 2.0I¢iim 3.0l¢im 4.0l¢im 5.0l¢im 6.0l¢cim 7.0l¢iim 8.0lgiim

Sekil 5. Uygulamalarin mavi dalga araligindaki spektral yansima {izerine etkilerinin iiretim periyodu
boyunca degisimi

4. Sonug¢

Aragtirma sonuglarina gore, roka yetistiriciliginde spektral yansima iizerine organik giibre
dozu, donem ve doz*ddnem interaksiyonun etkileri istatistiksel olarak P<0.01 diizeyinde onemli
bulunmustur. Kati+sivi organik giibre uygulamalarimin spektral yansima {izerinde olusturdugu
varyasyonun en fazla ve en az oldugu Ol¢limler sirasiyla mavi band bolgesinde; 4. ve 8. olgiimler,
yesil band bolgesinde; 5. ve 3. dl¢limler, kirmizi band boélgesinde; 2. ve 8. 6l¢iimler, yakin infrared
band bdlgesinde ise; 2. ve 7. Ol¢iim donemlerinde tespit edilmistir. Bu sonuglar dogrultusunda
varyasyonun en fazla ve en az oldugu 6l¢lim dénemlerinin bitki stres kosullarinin tespit edilmesinde
belirleyici olabilecegi sonucuna ulasilmistir. Bitkilerin stres kosullarinin belirlenmesinde en 6nemli
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belirleyici dalga boyu araliginin elektromanyetik spektrumun yakin kizil 6tesi bolgesi oldugu pek ¢ok
arastirmaci tarafindan ifade edilmektedir. Bu kapsamda, arastirmada 6zellikle NIR bandindaki spektral
yansima sonuglarina degerlendirildiginde serada roka yetistiriciliginde genellikle uygulanan kati+sivi
organik giibre dozlarinin roka bitki lizerinde 2. ve 5. 6l¢iim donemleri hari¢ 6nemli diizeyde stres
olusturacak kadar etkili olamadigi belirlenmistir. Bu teknik ve teknolojik yaklasim, farkli dozlarda
uygulanan sivit+kat1 organik giibreden kaynakli stres kosullarinin, bitki heniiz strese girmeden veya
hangi yetisme periyodunda stresin daha etkili oldugunu ortaya ¢ikarabilmesi sonucunda olasi verim ve
kalite kayiplarin1 engelleyerek zamandan ve maliyetten tasarruf saglayabilmektedir. Bu sonuglar
dogrultusunda, roka bitkisine farkli dozlarda uygulanacak olan organik giibrelerin spektral
yansimasindaki artislar/azalislar iizerinde bitkinin hangi fiziksel ve kimyasal oOzelligi veya
ozelliklerinin etkili oldugu aragtirilmalidir.
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izole edilmistir. Daha sonra antagonistlerin hastalik etmenine karsi olan
antimikrobiyal etkileri ikili kiiltiir, kokgilik testi, saksi ve tarla denemeleri ile
degerlendirilmigtir. Caligmalar sirasinda toplam 95 adet antagonist bakteri

Anahtar kelimeler izolat1 elde edilirken, bunlardan 21 tanesi ikili kiiltiir testlerinde hastalik

Biyokontrol, etmeninin misel gelisimini %20-82 oraninda engellemistir. Kullanilan

Tkili kiiltiir, antagonistlerin yapilan kokciik testlerinde hastalik c¢ikisint %93’e varan bir

Kokgiik testi, oranda engellemek suretiyle etkili oldugu saptanmustir. Yapilan saksi

qPCR, denemelerinde test edilen antagonistlerden bazilar1 hastalik etmenini

Phytophthora capsici. engellerken bazilarinin da hastalik siddetini arttirdigt bulunmustur. Biyolojik
miicadelenin degerlendirildigi tarla denemelerinde ise limitvar sonuglar elde
edilmistir.

Biological Control of Phytophthora Blight of Pepper with Antagonistic Bacteria

Article Info Abstract: The aim of this study was to investigate the possibilities of biological
control of Phytophthora blight in pepper by using antagonistic bacteria. For
biological control studies, antagonist bacteria were isolated from pepper roots.
Antimicrobial effects of bacterial antagonists against disease agent was tested
by dual culture, radicle assay, potting and field experiments. A total of 95
isolates of antagonists were isolated during the study, of which 21 had mycelial
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Keywords inhibition rates of 20-82% in the dual culture tests. Bacterial antagonists were
Biocontrol, found to be effective for suppression of disease development up to 93% in
Dual culture, radicle assay. Some of the antagonists tested in the pot experiments inhibited the
Radicle assay, disease, however others were found to increase disease severity. Promising
qPCR, results were obtained in field trials.

Phytophthora capsici.

1. Giris

Biber (Capsicum annuum L.) bitkilerinde Phytophthora yanikligi hastaligina neden olan
Phytophthora capsici (Leonian), biber iretimi yapilan birgok iilkede ciddi kayiplara neden olan
oomycete iiyesi bir hastalik etmenidir. Sulama suyunun anahtar rol oynadig: hastalik ile miicadelede
temel olarak kiiltiirel 6nlemler 6n plana ¢ikmakta (Hausbeck ve Lamour, 2004) ancak kimyasallar
(Hausbeck ve Lamour, 2004; Zhang ve ark., 2011) ve biyolojik miicadele (Akgiil ve Mirik, 2008;
Sang ve ark., 2008; Kim ve ark., 2012; Mei ve ark., 2010; Robles-Yerena ve ark., 2010; Sopheareth ve
ark., 2013; Ozyilmaz ve Benlioglu, 2013) ile ilgili yapilmis bircok ¢alisma da bulunmaktadir.
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Gilinlimiizde kimyasal pestisitlerin kullanimi ile ilgili kat1 diizenlemeler yapilmis ve bir¢ok tehlikeli
kimyasalin pazardan g¢ekilmesi i¢in diinyada politik baskilar uygulanmaktadir. Bundan dolay1 birgok
aragtirict bu sentetik kimyasallara alternatif kontrol yontemleri {lizerine yogunlasmistir (Pal ve Mc
Spadden Gardener, 2006). Ayrica bu tiir kimyasallara karsi etmenin dayaniklilik olusturmasi ve
fitotoksisitenin meydana gelmesi baska bir handikaptir (Parra ve Ristaino, 2001; Hausbeck ve Lamour,
2004; Qi ve ark., 2012; Pang ve ark., 2013). Biyolojik miicadele; uygulanabilir, doga dostu bir
alternatif olarak kabul gérmektedir.

Topraktaki mikroorganizma popiilasyonunun arastirilmasinda (Fierer ve ark., 2005) ve
biyokontrol ¢alismalarinda (Sanzani ve ark., 2014) kantitatif polimeraz zincir reaksiyonu (Quantitative
polymerase chain reaction [qPCR]) yontemi basariyla kullanilmaktadir. Son yillarda popiiler olan
qPCR yonteminden hedef niikleik asitlerin saptanmasinda ve miktarinin belirlenmesinde hizli, hassas,
basit, yiiksek dogrulukta ve ucuz olarak yararlanilmaktadir.

Bu calisma ile saglikli biber bitkileri koklerinden izole edilen antagonist bakterilerin
Phytophthora yaniklig1 hastaligina olan etkinligi ikili kiiltiir, kokeiik testleri, saks1 ve tarla denemeleri
ile degerlendirilmis ve ayrica saksi denemelerinde uygulamalara ait bitki ve toprak Orneklerinde
etmenin kantitatif olarak qPCR ydntemi ile belirlenmesi amaglanmustir.

2. Materyal ve Yontem

Calismada Phytophthora capsici izolat1 olarak Aydin ili Kogarli ilgesinden izole edilen,
viriilensi yliksek, tanis1 yapilmis bir izolat olan PcK1 kullanilmistir. Calismanin tiim asamalarinda
California Wonder ¢esidi biber bitkilerinden yararlanilmistir. Saks1 c¢aligmalar1 16 saat 151k 8 saat
karanlik fotoperiyotlu 26°C’ye ayarl iklim odasinda yiiriitiilm{istiir.

2.1. Antagonist bakteri izolasyonu

Antagonist aday1 bakteriler, Aydin’in Cine, Karpuzlu, Kosk il¢elerinde biber ekimi yapilan
tarlalarda, saglikli biber bitkisi koklerinin ylizeyinden, 2013 yili Mayis-Eyliil aylarinda izole
edilmistir. Kok ornekleri 3 gram tartilmig ve 27 ml %0.85 NaCl i¢inde 1 dakika stomacher karistirict
(BagMixer®) ile ¢alkalanmigtir. Calkalama sivisindan seyreltme serileri hazirlanmis ve 100 ppm
cycloheximide iceren King B besi yerine yayilarak ekilmistir. 25°C’de 4 giin inkubasyonun ardindan
farkli morfolojiye sahip bakteri kolonilerinden saflastirma yapilmistir (Berg ve ark., 2002).

2.2. kili kiiltiir cahsmalari

Antagonist aday1 bakterilerin antimikrobiyal etkilerinin belirlenmesi amaciyla ikili kiiltiir
testleri yapilmistir. Bunun i¢in PDA besi yerinin merkezinden 2.5 cm uzakliktaki dort esit noktaya 10
ul bakteri siispansiyonu damlatilmis ve 24 saat sonra hastalik etmenine (PcK1) ait 1 cm g¢apl misel
plagi merkeze konulmustur. Bakteri inokulasyonu yapilmamis sadece hastalik etmenine ait misel plagi
bulunan bir besi yeri ise kontrol olarak birakilmigtir. 25°C sicaklikta inkubasyona birakilan petrilerde
degerlendirme kontrol petrisindeki miseliyal gelisim 5 cm ¢apa ulastigi zaman yapilmistir. Olusan
engelleme zonlar1 Slgiilmiis ve etki oranlar1 hesaplanmistir (Ozyilmaz, 2007). Denemeler 4 tekerriirlii
ylritiilmistiir. Etki gosteren antagonistler %20 gliserin iceren Nutrient Broth besi yerinde -80°C’de
stoklanmugtir.

2.3. Kokeiik testi

Bitki, patojen ve antagonist bakterinin petri kabinda bir araya getirildigi kokgiik testi ile
antagonist bakterilerin hastaliga olan durdurucu etkisine bakilmistir. Saglikli goriilen biber tohumlari
yikanmis, ylizey dezenfeksiyonu yapilmis ve durulanmistir. Tohumlar nemlendirilmis filtre kagitlar
bulunan petrilerde ii¢ giin bekletilmis ve ¢imlendirilmigtir. Homojen ¢imlenen tohumlar 10 mM
MgSO igindeki 10° hiicre/ml bakteri siispansiyonunda {i¢ saat bekletilmis ve daha sonra steril kurutma
kagitlar1 tizerinde bekletilerek nemi alinmistir. %0.02 glikoz igeren su agarda bes giin gelisen P.
capsici (PcK1) izolatinin kenaria tohumlar 10’ar adet dizilmis ve petriler 26°C de 16 saat 151k 8 saat
karanlik fotoperiyotta inkubasyona birakilmistir. Ug giin sonra bakteri uygulamasi yapilmayan kontrol
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petrilerdeki  kokgiiklerin  kararmasiyla degerlendirmeler yapilmistir (Sang ve ark., 2008).
Degerlendirmede saglikli kalan tohumlarin orani hesaplanmistir. Testler tesadiif parselleri deneme
desenine gore 3 tekerriirlii olarak yiiriitiilmistiir. Kontrol olarak; patojen bulunan ve bulunmayan iki
ayr1 karakterde tohumlar sadece 10 mM MgSOy i¢inde bekletilmistir.

2.4 Tanllama ¢calismalar:

Calismada ikili kiiltiir ve kokgiik testlerine gore etkili bulunan antagonist bakteri izolatlarinin
degerlendirilmesine yardimci olmasi i¢in; gram reaksiyonu, KB besi yerinde UV 151k altinda 1s1ma
verme, spor olusumu igin sicaklik testi, tiitinde asir1 duyarlilik reaksiyonu ve 37°C’de gelisme
yetenekleri saptanmigtir (Klement ve ark., 1990; Schaad ve ark., 2001). Bitkilerde bakterilere karsi
olusabilecek bir hassasiyetin belirlenmesi ve bu izolatlarin elenmesi amaciyla tiitiinde asir1 duyarlilik
testleri yapilmistir. Ayrica izolatlarinin 16S rRNA gen dizi analizi yapilarak molekiiler diizeyde
tanilanmaya c¢alisilmistir. Bunun i¢in 24 saatlik bakteri kiiltiirlerinden su igine hazirlanan
siispansiyonlar steril santrifiij tiipler i¢inde kaynatilmis ve santrifiij edilmistir. Siipernatant PCR
caligmasinda kalip olarak kullanilmigtir. Amplifikasyon, 40 pul PCR karigimi iginde 4 pl kalip DNA
olacak sekilde 27F/1492R primer ¢iftleri (Lane, 1991) kullanilarak gerceklestirilmistir (27F: 5’-AGA
GTT TGA TCM TGG CTC AG-3’, 1492R: 5°-TAC GGY TAC CTT GTT ACG ACT T-3°). PCR
kosulu 35 dongii olacak sekilde; 94°C de 10 sn, 55°C de 15 sn ve 72°C de 20 sn olarak ayarlanmus,
ayrica 94°C de 1 dk baslangi¢ denatiirasyonu ile 72°C de 5 dk son uzama adimlari programa
eklenmistir. Amplifikasyonun gerceklesip gergeklesmediginin belirlenmesi amaciyla iriinler jel
elektroforez yontemiyle yiiriitiilerek goriintiilenmistir. Elde edilen PCR iiriinlerinin saflagtirilmasi ve
gen dizi analizleri Macrogen firmasia yaptirilmistir. Elde edilen diziler NCBI (The National Center
for Biotechnology Information) web sayfasinda bulunan veri tabanindan BLASTN 2.2.29 algoritmasi
kullanilarak taranmis ve eslesen olasi bakteri tiirleri ¢ikarilmaya ¢aligilmistir (Zhang ve ark., 2000).

2.5. Saks1 denemeleri

Antagonist bakterilerin hastalia olan etkilerinin arastirildigi sakst denemelerinde %l
(hacim/hacim) oraninda inokulum igeren hastalikli toprak kullanilmistir (Kurze ve ark., 2001). Plastik
saksilarda (100 ml) steril toprak harcinda yetistirilen 2-3 yaprakli biber fideleri etkinligi test edilecek
olan bakterinin 10° hiicre/ml yogunlugundaki siispansiyonu ile 25 ml olacak sekilde bir kere
sulanmustir. Ug giin sonra bu bitkiler saksilarindan topraklari ile cikarilmis, tabaninda inokulumlu
toprak bulunan daha biiyilk bir saksiya (500 ml) yerlestirilmis ve bosluklar steril harg ile
doldurulmustur. Ayrica Bion MX 44 WG ve Ridomil Gold MZ 68 WG adli ticari ilaglar ayr1 birer
karakter olarak denemeye eklenmistir (sirasiyla 0.2 g/1, 2.5 g/l dozlarda, piiskiirtme ve i¢irme olacak
sekilde toplam 4 karakter). Degerlendirme uygulamadan 3 hafta sonra Ozyilmaz ve Benlioglu
(2013)’da belirtilen skala degistirilerek yapilmistir (0: saglkli bitki, 1: yash yapraklar solmus, 2: en
iist 2-3 yaprak hari¢ tiim yapraklar solmus, 3: tiim yapraklar solmus, 4: tiim yapraklar dokilmiis, 5:
tiim yapraklar dokiilmiis ve tim govdeyi kaplamig nekroz, tamamen olii bitki). Denemeler tesadif
parselleri deneme desenine gore 5 tekerriirlii olarak yiriitiilmiistiir.

Skala degerlendirmesinin sonunda, toprakta ve bitkide patojen miktarinin belirlenmesi i¢in
gPCR calismalar1 yapilmistir. Bunun icin kok yiizeyine yapismis topraklar alinmis, elenmis ve
MOBIO PowerSoil® DNA Isolation Kit kullanilarak DNA ekstraksiyonu yapilmigtir. Daha sonra
bitkiler yikanarak temizlenmis, kok bogazi kalacak sekilde iist aksam uzaklastirilmig, kok-kok bogazi
homojenize edildikten sonra QIAGEN DNeasy Plant Mini Kit kullanilarak DNA ekstraksiyonu
yapilmistir. Bu DNA ekstraktlar ile qPCR ¢aligmalar yiiriitiilmiistiir. Bunun i¢in ITS boélgesinden 73
be’lik bir bolgesi amplifiye eden Pcap-q-1F/R (F: 5-GGA ACC GTA TCA ACC CTT TTA GTT G-
3’, R: 5°-CGC CCG GAC CGA AGT C-3°) primer ¢ifti kullanilmisgtir (Pavon ve ark., 2008).
Reaksiyon hazir karisimi olarak EvaGreen (BioRad) kullanilmis ve RealTime PCR cihazi olarak
BioRad CFX96’dan yararlanilmistir. qPCR kosullar1 98°C’de 3 dk baslangic denatiirasyonu ile;
95°C’de 10 sn denatiirasyon, 65°C’de 5 sn annealing ve 72°C’de 30 sn uzama adimlar1 40 dongii
olacak sekilde ayarlanmigtir. Okuma FAM kanalindan uzama bitiminde yapilmistir. Ayrica, 65°C’den
95°C’ye 0.5°C adimlarla 5 sn siire beklemeli erime egrisi adimlar1 protokol sonuna eklenmistir. islem
sonunda Orneklere ait Ct degerleri belirlenmistir. qPCR c¢alismalart sirasinda, pozitif kontrol izolati
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(PcK1) DNA ekstraksiyonu seyreltme serisi yardimiyla hesaplanan standart egri denklemi kullanilarak
(verim[E] = %102, r* = 0.996, egim = -3.272, y-int = 38.476, threshold = 44.98) orneklerdeki DNA
miktarlar1 hesaplanmis ve uygulama yapilmamis hastalikli kontrol ile karsilagtirilarak antagonist
bakterilerin etkinlikleri belirlenmistir. Bu ¢alismalara ayrica, arazi ¢ikislar1 sirasinda izole edilen ve
patojenisitesi yapilmis alti adet P. capsici izolat1 (veri sunulmamistir) pozitif kontrol olarak ve stok
kiiltiirlerden temin edilmis tanis1 yapilmis Verticillium dahliae, Macrophomina phaseolina, Fusarium
oxysporum ve Phytophthora cactorum etmenlerinin DNA ekstraktlart negatif kontrol olarak dahil
edilmistir.

2.6. Tarla denemeleri

Biyolojik korumanin degerlendirildigi tarla denemeleri; 6nceden biber iiretimi yapilmamis bir
tarlada (Lat:37.760273, Lon:27.756865), tesadiif bloklar1 deneme desenine gore 5 karakter ve 4
tekerriirlii olacak sekilde, 2014 yili Mayis ay1 ortasinda kurulmustur. Deneme alaninda biberlerin
dikilmesi i¢in 70 cm araliklarla sirtlar olusturulmus ve biberler 35 ¢cm ara ile bu sirtlara dikilmistir. 15
metre uzunlugunda olan sirtlarin her biri bir karakterin bir tekerriirii olarak diisiiniilmiis ve toplamda
20 sirt kullamlmistir. Denemede Pca2 ve Pcal2 antagonist bakterileri degerlendirilmistir. Biri gram
pozitif digeri gram negatif olan bakteriler, tiitiinde agir1 duyarlilik testi negatif, arazide kullanilabilecek
miktarda kitle iiretime uygun (veri sunulmamistir) ve tip literatiirinde dogrudan ya da bagisiklik
sistemi zayiflig1 hastalig1 olarak dolayli yer almayanlar i¢inden secilmeye calisilmistir. Saglikli kontrol
bitkileri hari¢ diger tiim fideler sasirtilmadan 6nce topraktaki fide dikim deliklerine 5 ml %0.5 patojen
inokulumu igeren toprak konulmus ve iizerine 20 ml temiz toprak eklenmistir. Bakteri
uygulamalarinda fideler su igine hazirlanan 10° hiicre/ml yogunlugundaki bakteri siispansiyonu iginde
yarim saat bekletildikten sonra sasirtilmistir. ilagh kontrol fideleri ise 2.5 g/l su dozunda hazirlanan
Ridomil Gold MZ 68 WG ilacinda yarim saat bekletildikten sonra dikilmistir. Hastalikli kontrol
fidelerine sadece su uygulanmistir. Sulama damla sulama seklinde yapilmistir. Haftada bir gozlem
yapilarak 6len bitkiler sayilmis, iki ay sonra sayim sonlandirilmis ve uygulamalarin hastaliga olan
etkileri hesaplanmistir. Ayrica deneme boyunca tarlanin 10 cm derinligindeki toprak sicakligi veri
kaydedici ile saatlik kaydedilmistir (Onset Hobo data logger, TMC6-HD sicaklik algilayici).

istatistik analizler

Laboratuvar, iklim odas1 ve tarla ¢caligmalarinda elde edilen verilere tek yonlii varyans analizi
yapilmistir. Ortalama degerler arasinda fark ¢ikmasi durumunda p < 0.05 diizeyinde asgari 6nemli fark
(LSD) analizleri gerceklestirilmistir.

3. Bulgular
3.1. Antagonist bakteri izolasyonu

Yapilan arazi ¢ikislarinda toplanan saglikli biber bitkilerinin kdklerinden toplam 95 adet farkli
koloni morfolojisine sahip antagonist aday1 bakteri izolati elde edilmis ve saflastirilmistir. izolasyon
calismalar1 sirasinda yapilan seyreltmelerde 102 ve 10* seyreltmelerin bakteri kolonilerinin
gdzlenmesi ve saflagtirilmasi agisindan uygun oldugu belirlenmistir.

3.2. ikili kiiltiir calismalar:

Ikili kiiltiir test sonuglarina gore 95 adet bakteri izolatindan 21 tanesinin hastalik etmenine
kars1 %20 ile %82 arasinda bir engelleme yaptigi saptanmistir. Bu izolatlarindan 10 tanesi %50 nin
iizerinde bir engelleme gostermistir. Pca6 ve Pca2 izolatlarinin hastalik etmeninin misel gelisimini
engellemesi acisindan antagonistik etkisi en yiliksek (sirasiyla %82 ve %80) izolatlar olarak
belirlenmistir (Cizelge 1).
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Sekil 1. Kokgiik testi 3. giin sonuglari (a: Kontrol ve Pcal9 uygulamasi, b: saglikli, ¢: kok¢iik ucunun
clirimesi, d: kok¢iiglin tamaminin ¢liriimest).

3.3. Kokeiik testi

Kokgeiik testlerinde baz1 kokgiiklerin saglikli kaldigi, bazilarinin da tamamen hastalandig
gdzlenmistir. Ancak bazi kokciiklerde ise sadece agara degen ug¢ kisimda lezyon olustugu, aym
sartlardaki hastaliklilara gore daha saglikli oldugu goriilmistiir (Sekil 1). Pcal9, Pca20 ve Pca2l
antagonist izolatlarinin kokgiikleri hastalik etmenine kars1 %93 oraninda korudugu goriilmiistiir. Bunu
Pcal5, Pcal, Pcal2, Pca4 izolatlar izlemistir (Cizelge 1).

3.4. Tanllama Calismalari

Antagonist bakteri izolatlarmin tanilama testlerinde; tiimiiniin hiicre sekli c¢ubuk olarak
saptanirken, bunlardan Pca2 ve Pcal3 gram pozitif digerlerinin gram negatif oldugu, spor testi
sonucunda yine bu iki izolatin 80°C sicakliga dayanarak spor olusturdugu saptanmistir. Pcal, Pca3,
Pcal2, Pcal4, Pcal5, Pcal6, Pcal7, Pcal8, Pcal9, Pca20 ve Pca2l izolatlarinin 37°C de gelismedigi
goriiliirken; Pca6, Pca8, Pca9 ve Pcall izolatlariin King B besi yerinde ultraviyole 11k altinda besi
yerine yayilir 1siyan bir pigmentasyon olusturdu goriilmiistiir. Bunlara ek olarak Pcal ve Pca3
izolatiin tiitlinde asir1 duyarlilik testi sonucunun pozitif ¢iktig1 saptanmaistir.

16s TRNA sekans analizi sonucu elde edilen DNA dizilerinin veri tabani eslesmeleri (NCBI)
incelendiginde, eslesmenin %95 ve lizeri bir benzerlikle gergeklestigi goriilmiistir. Tarama
sonucunda: Pcal, Pca3: Pseudomonas mediterranea; Pca4, Pca7, Pcal7, Pcal8: Pseudomonas lini;
Pca6, Pca8, Pca9: Pseudomonas thivervalensis; Pcall: Pseudomonas brassicacearum subsp.
neoaurantiaca;, Pca5, Pcal(, Pca20, Pca2l: Pseudomonas spp., Pca2: Bacillus subtilis; Pcal?2:
Lysobacter capsici; Pcal3: Bacillus tequilensis; Pcald: Lysobacter gummosus; Pcal5: Lysobacter
enzymogenes; Pcal6: Dyella marensis; Pcal9: Stenotrophomonas maltophilia olarak belirlenmistir.

3.5. Saks1 denemeleri

Saks1 denemelerinde bitkiler hastalikli topraga sasirtildiktan 3 hafta sonra degerlendirme
yapilmig ve 0-5 skalast kullanilarak elde edilen veriler kaydedilmistir. Hastalikli kontrole gore
hastalig1 engelleme oranlart Cizelge 1°de verilmistir. Pcal8, Pcal7, Pcal9, Pca20 ve Pca3 en etkili
izolatlar olarak bulunmustur.

Ayrica ilag uygulamalarimin hem piiskiirtme hem de icerme ydntemlerinden etkili sonug
alindig: saptanmugtir (Ridomil piiskiirtme harig). Iklim odas1 biyolojik miicadele ¢alismalarinda bazi
izolatlar etkisiz olarak saptanirken bunun yaninda bazilarinin hastalikli kontroliin iizerinde bir skala
degerine sahip oldugu ve hastaligi tesvik ettigi bulunmustur.

Iklim odas1 kosullarinda yapilan biyolojik miicadele denemelerinin ardindan alman toprak ve
bitki 6rnekleri degerlendirilmis ve uygulamalarin hastalik miktarina olan etkileri qPCR testleri ile
arastirllmaya calisilmistir. Bunun i¢in ilk 6nce toprak ve bitki orneklerinden DNA ekstraksiyonu
yapilmustir. Pozitif 6rnek DNA seyreltme serisinden elde edilen formiil kullanilarak toprak ve bitki
ornekleri i¢indeki hastalik etmenine ait DNA miktarlar1 hesaplanmigtir. Bitki orneklerinde 1.6x10%
fg/gram_bitki_doku ve toprak orneklerinde 3x107 fg/gram_toprak miktarina kadar etmene ait DNA
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Cizelge 1. Biyolojik kontrol ¢aligmalar1 sonuglari

Saks1 denemesi Bitkide gPCR Toprakta gPCR

In-vitro Kokgiik testi Etmen Etmen

ikili kiiltiir (sagliklt DNA DNA
Uygulama (engelleme %) kokeiik %) Skala Engelleme %  fg/g bitki azalma fg/g toprak azalma
Pca6 82+4a 7458 cd  2.842.3efghi 7 7.25x107e <-100 1.43x107hij 6
Pca2 80+2a 0+0.0 d 442 2ghi -33 9.14x10% 100 2.98x10%abc 80
Pcal4 68+2b 0+0.0 d  3.2+2.2fghi -7 2.06x10% 54 7.93x10%f 48
Pca4 67+5bc 27423.1bc  4.2+1.8hi -40 9.59x10%b <-100 1.60x10°b 89
Pcal2 66+2bc 30£10 b 3.2+2.5efghi -7 4.37x10% 90 1.37x107ghi 10
Pcal5 62+2bc 40+£26.5b  2.242.3bcdefg 27 9.86x10% 78 1.43x107hij 6
Pca9 62+4bc 0+0.0 d  4.4+0.51 -47 1.70x10% 100 1.84x10%bc 88
Pca8 61+0c 1745.8 bc  3.8+1.1fghi -27 3.10x10% 100 3.05x1071 <-100
Pcal? 53+4d 3+58 d 040.0a 100 0.00x10% 100 2.69x10%abc 82
Pca7 5243d 10+17.3cd  2.6+2.4defghi 13 7.23x10% 84 9.79x10°%fg 35
Pcal6 47+4de 0+0.0 d  2.442.5cdefgh 20 1.48x10"b <-100 4.14x10°bcde 73
Pcal8 4549ef 0+0.0 d 040.0a 100 8.97x10% 98 2.88x107kl -90
Pca2l 424+2efg 93+11.5a  3.6+0.5fghi -20 5.66x10% 100 7.53x10%def 50
Pca20 41+2efg 93+11.5a  0.6+0.9abc 80 5.19x10% 100 1.06x107fgh 30
Pca5 40+5efg 0+0.0 d  4.4+0.51 -47 9.77x10% 98 2.20x10%bc 86
Pcall 39+0fg 0+0.0 d 242 .Tbedef 33 2.34x10% 95 1.82x107j -20
Pcal3 39+3fg 0+0.0 d  4.2+0.8hi -40 6.38x107e <-100 4.69x10°bcde 69
PcalO 37+2g 0+0.0 d  2.4+1.8cdefgh 20 2.82x107c <-100 3.72x10%bcd 75
Pcal9 37+2g 93+11.5a  0.4+0.9ab 87 6.46x10% 100 8.77x10% 99
Pca3 27+2h 1010 cd 1.6+0.9abcde 47 1.60x10%g <-100 4.73x10°bcde 69
Pcal 20421 40+£10 b 4.4+0.9i -47 4.80x10%b -8 5.60x10%de 63
Knt (H) 0+0j 0+£0.0 d 3+1 . defghi na 4.43x10%b na 1.51x107j na
Knt (S) nt 100+£0.0 a 040.0a 100 0.00x10% 100 0.00x10% 100
RP nt nt 3.6x1.1fghi -20 1.19x10%f <-100 2.65x107kl =75
RI nt nt 040.0a 100 1.29x10% 100 1.09x10°b 93
BP nt nt 0.8+1.1abed 73 3.88x107d <-100 2.55x10k -69
BI nt nt 040.0a 100 2.56x10% 42 0.00x10% 100

Siralama ikili kiiltiir test sonucuna gore yapilmstir. Cizelgedeki degerler en az 3 tekerriiriin ortalamasidir. Aym harf ile gosterilen degerler
arasinda istatistiki agidan fark yoktur (tek yonli ANOVA, LSD p < 0.05). Skala degerleri i¢in karekok, oransal degerler icin arcsin
transformasyonu yapilmistir. Negatif degerler hastalik artisin1 gostermektedir. Oransal degerler kontrol karakteri ile karsilagtirilmasi sonucu
elde edilmistir. Knt (H): Hastalikl1 kontrol, Knt (S): Saglikli kontrol, RI: Ridomil i¢irme, RP: Ridomil piiskiirtme, BI: Bion igirme, BP: Bion
piiskiirtme. nt: Test edilmedi, na: Uygulanabilir degil.

saptanmistir (Cizelge 1). Bu sekilde antagonist bakteri uygulamalarinin etmen lizerine olan etkileri
degerlendirilmistir. Bitki 6rneklerinde etmene ait saptanan DNA miktarlarina bakildiginda Pcal7,
Pca20, Pca8, Pca2l, Pcal9, Pca2 ve Pca9 un %100 oraninda kontrole gére etmene ait DNA miktarinda
azalma oldugu goriilmektedir. Bazi antagonist uygulamalarinda hastalik oraninin hastalikli kontrole
gore arttig1 saptanmistir. Toprak 6rneklerindeki DNA miktarlarina bakildiginda ise Pcal9, Pca4, Pca9,
PcaS, Pcal7 ve Pca2 izolatlariin etmene ait DNA miktarii %80 ve iizeri bir oranda azalttifi
goriilmektedir. I¢cirme seklinde yapilan ilag uygulamalarin ise etmeni toprakta biiyiik olgiide
temizledigi de bulunmustur. Baz1 antagonist bakteri uygulamalarinda kontrole gore daha fazla oranda
toprakta etmene ait DNA bulunmustur. Testlere eklenen diger pozitif kontroller de uygun birer Ct
degeri verirken, negatif kontroller Ct degeri vermemistir. Ayrica P. capsici DNA’s1 igeren 6rneklerin
hepsinde erime egrisi 79.5°C’de tepe noktasi olusturacak sekilde ve birbirinin identigi olarak
bulunmustur.

3.6. Tarla denemeleri
Tarla denemesinde dikimi takiben 2 ay boyunca her hafta tiim bitkiler incelenmis ve dlen
bitkiler kayit edilerek bir tekerriirdeki Olen bitkilerin oranlar1 belirlenmistir. Bazi olen bitkiler

laboratuvara getirilerek izolasyon yapilmis ve 6liim nedenlerinin P. capsici oldugu teyit edilmistir.
Deneme sonunda hastalikli kontrole ait bitkilerin %88’i ve Pcal2 izolatina ait bitkilerin %83’{i 6lmiis
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ve ayni grupta yer almistir. Hastaliksiz kontrolde ise ¢esitli nedenlerden dolay1 6len bitkilerin orant
%9 olarak bulunmus ve bu bitkilerden yapilan izolasyon c¢alismalarindan hastalik etmeni izole
edilmemistir. Bunu takiben ilagli kontrolde (Ridomil Gold MZ 68 WG) %26 bitki kaybi
gergeklesmistir. Pca2 izolatinda ise %47 oraninda 6len bitki saptanirken bunun istatistiki olarak ilagh
kontrol ile aynm1 grupta yer aldig1 goriilmiistiir (Sekil 2).

100 | K (H)

8 hafta sonunda 6len bitki 90
Karakterler oranlar1 ortalamasi (%) - ?8
Kontrol (Hastaliklr) 87.8 a i 60
Pcal2 83.0 a N
Pca2 46.5 ab © 30
Kontrol (ilagl) 255 b fg
Kontrol (Sagliklr) 88 b 0

1 2 3 4 5 6 7 8
Haftalar

Sekil 2. Arazi denemesinde 8 hafta sonunda 6len bitki oranlari ortalamasi. Ayni harfle gosterilen degerler arasinda istatistiki
olarak fark yoktur (LSD, P < 0.05).

Tarla denemeleri boyunca alman 10 cm derinlikteki toprak sicakliklari incelendiginde
Ozellikle Haziran aymin ortasina kadar giinliik ortalama toprak sicakliklarinin 30°C’nin altinda
seyretmesini takiben, Haziran ay1 sonu itibariyle sicakliklarin artti§1 ve bu tarihten itibaren giiniin en
sicak saatlerinde artik sicakligin en az 39 °C oldugu kaydedilmistir.

4. Tartisma ve Sonug

Bu calismada; biberde ciddi iirlin kayiplarma neden olan Phytophthora yanikligi hastalig
(Phytophthora capsici)’nin kontroliinde yine biber koklerinden izole edilen antagonist bakterilerin
kullanilma olanaklar aragtirilmistir. Bu kapsamda antagonist bakterilerin izolasyonu, tanilanmasi ve
bunlarin etmene karsi olan etkileri hem in-vitro hem de in-vivo’da degerlendirilmistir.

Caligmalar sirasinda toplam 95 adet antagonist aday1 bakteri izole edilmis, bunlar i¢inden 21
tanesi (%22) yapilan ikili kiltiir testleri ile potansiyel antagonist olarak belirlenmistir. Bu
antagonistlerden %20 ile %82 arasinda bir etki elde edilmistir. Ikili kiiltiirde en iyi sonug veren
izolatlarin ise Pca6 ve Pca2 izolatlar1 oldugu (sirasiyla %82 ve %80) bulunmustur. Mei ve ark. (2010)
caligmalarinda 98 antagonist bakteri aday1 iginden sectikleri iki izolatin %68 ve %72 oranlarinda
etmenin misel gelisimini durdurdugunu bulmuslar ve bu antagonistleri Paenibacillus polymyxa ve
Bacillus pumilus olarak tanilamiglardir. Calismamizda izole edilen antagonist bakterilere bakildiginda
cogunlugun Pseudomonas spp. (P. mediterranea, P. lini, P. thivervalensis, P. brassicacearum ve diger
tiir diizeyinde tanilanamamis Pseudomonaslar) oldugu goriilmiistiir. Bunlara ek olarak Bacillus spp.
(B. subtilis, B. tequilensis), Lysobacter spp. (L. gummosus, L. capsici, L. enzymogenes), Dyella
marensis ve Stenotrophomonas maltophilia tiirleri de izole edilmistir. izole edilen bu tiirlere
bakildiginda Stenotrophomonas maltophilia klinik olarak incelenen patojenler iginde yer almasinin
yaninda biyolojik savas calismalarinda da rol aldigi goriilmiistiir (Messiha ve ark., 2007).
Pseudomonas mediterranea ise bitki patojenleri iginde yer almaktadir. Buna ragmen c¢ikan tiir
isimlerinin literatlir tarandiginda ¢ok biiyiikk bir ¢ogunlugunun bitki ile iligkili ve/veya biyolojik
savasta kullanilan ajanlar oldugu goriilmiistiir. Ornegin, Park ve ark. (2008), biber koklerinden izole
edilen Lysobacter capsici izolatinin Pythium ultimum, Colletotrichum gloeosporioides, Fusarium
oxysporum, Botrytis cinerea, Rhizoctonia solani, Botryosphaeria dothidea, Sclerotinia sclerotiorum ve
Aspergillus fumigatus fungal etmenlerinin gelisimini durdugunu, o6zellikle Colletotrichum spp. ve
Pythium ultimum’a kars1 gliglii durdurucu etkiye sahip oldugunu bildirmislerdir. Ancak ikili kiiltiir ile
degerlendirdikleri Lysobacter antibioticus, L. enzymogenes ve L. gummosus’un Colletotrichum
gloeosporioides ve Pythium ultimum’a ya etki etmedigini ya da bu etkinin ¢ok az oldugunu
bulmuslardir. Buna benzer olarak, Puopolo ve ark. (2010), yaptig1 bir ¢aligmada tiitiin bitkisinin
kokiinden izole ettigi bir Lysobacter capsici izolatinin, icinde P. capsici’nin de bulundugu birgok
hastalik etmenine kars1 engelleyici etkisinin oldugunu bulmuslardir. Calismamizda L. gummosus, L.
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capsici ve L. enzymogenes izolatlar1 elde edilmistir ve Pca2 kodlu L. capsici izolat1 tarla ¢alismalarina
degerlendirilmek tlizere alinmistir.

Bilindigi {lizere Pseudomonas ve Bacillus tiirleri biyolojik savasta siklikla kullanilan ve
literatiirde karsilagilan biyolojik kontrol ajanlarimi icermektedir. Pseudomonaslar; kok bolgesine iyi
adapte olmus, genis bir biyolojik etki mekanizmasina sahip, ayni zamanda bitki biiyiimesini tesvik
eden (PGPR) iiyelerini de iceren bakteri tiirleridir. Biyolojik miicadelede kullanilan Pseudomonaslarin
en bliylik zayiflig1 endospor iiretememeleri ve ticari kullanim i¢in formiilasyon haline getirilmesinin
zor olmasidir (Weller, 2007). Bacillus spp. ise bunlarin aksine olusturduklari antibiyotikler ve zor
kosullara dayanmasini saglayan endospori sayesinde birgok hastaligin kontroliinde kullanilan diger bir
popiiler biyolojik kontrol ajan1 grubudur (Shafi ve ark., 2017). Bacillus spp. endosporlar1 sayesinde
hem arazide hem de preparat haline gelmis biopestisitte diger tiirlere gore ¢evre kosullarina dayanimda
daha avantajlidir. Buna istinaden ¢aligmanin tarla denemesine Bacillus subtilis (Pca2) izolati1 dahil
edilmigstir. Nitekim tarla denemeleri sonunda topragin 10 cm derinligindeki toprak sicakliginin Haziran
ay1 sonlarina dogru artik iyice arttifi ve giliniin en sicak saatlerinde 39°C’nin altina diismedigi
kaydedilmistir.

Kokgiik testleri; bitki, patojen ve antagonist li¢liisiiniin laboratuvar kosullarinda bir araya
geldigi bir test olmasindan dolay1 lizerinde durulmasi gereken bir ¢alisma olarak degerlendirilmistir.
Calismamizda Pcal9, Pca21 ve Pca20 izolatlar1 kokgiik testlerinde iyi sonuglar (%93 saglikll) vererek
one c¢ikmistir. Chang ve ark. (2001) 1400 izolat iginden sectikleri 64 bakteri izolatinda yaptiklar
koke¢iik denemelerinde tiir olarak belirtmedikleri 6 bakteri izolatinin istatistiki olarak P. capsici’ye
kars1 etkili oldugunu bulmuslardir. Kokgiik testlerini saksi denemelerinden &nce yapilan ve
antagonistlerin se¢iminde kullanilan, zaman ve emekten fayda saglayan bir On-test olarak
tanimlamiglardir. Kokeiik testleri ile iyi bir engelleme yaptig1 belirlenen 6 izolattan 2’sini saksi
denemeleri ile paralel sonug verdigini tespit etmislerdir. Sang ve ark. (2008) hiyar, biber ve domates
bitkilerinden izole ettigi 439 bakteri izolatindan 38 tanesini yaptiklar1 kokeiik testlerinde %30’a varan
oranlarda P. capsici’nin neden oldugu hastalik gelisimi durdugunu bildirmislerdir.

Iklim odasinda saks1 kosullarinda yapilan biyolojik miicadele ¢aligmalarinda inokulasyondan 3
hafta sonunda yapilan degerlendirmede en etkili izolatlarin Pcal8 (%100), Pcal7 (%100), Pcal9
(%87), Pca20 (%80) ve Pca3 (%47) oldugu saptanmistir. Calismamizda ayrica Ridomil Gold MZ 68
WG ve Bion MX 44 WG ilaglarinin i¢irme seklinde yapilan uygulamalarmin da etkili oldugu
bulunmustur. Mei ve ark. (2010) yaptiklar1 saksi denemelerinde calistiklar: iki izolatin %72 ve %83
oranlarinda hastaligi engellediklerini bulmuglardir. Buna benzer olarak Sang ve ark. (2008) 16
potansiyel antagonist ile yaptig1 fide denemelerinde, test ettikleri tiim bakteri izolatlarinin hastalik
siddetini 6nemli 6l¢iide bastirdigini bulurken, hastalik siddetini %21-55 arasinda hesaplamislardir.

Bu ¢aligmada saks1 denemelerinde topraktaki ve bitkideki patojen miktarinin hesaplanmasinda
ve dolayisiyla biyolojik korumanin degerlendirilmesinde qPCR yontemi kullanilmigtir. Topraktaki
mikroorganizma popiilasyonunun arastiritlmasinda (Fierer ve ark., 2005) ve biyokontrol ¢aligsmalarinda
(Sanzani ve ark., 2014) qPCR yontemi basariyla kullanilmaktadir. Saks1 denemeleri sonunda alinan
bitki ve toprak oOrneklerinin i¢indeki hastalik etmenine ait DNA miktar1 incelendiginde; bitki
orneklerinde Pcal7, Pca20, Pca8, Pca21, Pcal9, Pca2 ve Pca9’un %100 oranda etmeni kontrol ettigi,
toprak orneklerinde ise Pcal9, Pca4, Pca9, Pca5, Pcal7 ve Pca2 izolatlarinin etmeni %80 ve {izeri bir
oranda engelledigi saptanmistir. Calisgmada DNA miktariin hesaplanmasida kullanilan standart egri
denkleminin verim degeri (efficiency) %102 olarak bulunurken bu degerin kabul edilen sinirlar i¢inde
oldugu goriilmiistiir (Taylor ve ark., 2010).

Yapilan tarla denemelerinde, ilagh kontrolde yaklasik olarak %26 bitki kayb1 goriiliirken Pca2
izolat1 ile yapilan uygulamalarda %47 oraninda 6len bitki saptanmis ve istatistiki olarak ilagli kontrol
ile aym1 grupta yer almistir. Herhangi bir koruyucu uygulama yapilmayan ve sadece hastalikli
bitkilerden olusan karsilastirma kontroliinde ise bitkilerin %88 nin 61diigii gorilmiistiir. Sang ve ark.
(2008) yapmis olduklar1 tarla denemelerinde kullandiklar1 Pseudomonas corrugata (CCR04, CCR80),
Flavobacterium sp. (GSE09) ve Chryseobacterium indologenes (ISE14) izolatlarim1 degerlendirmistir.
Calismamizdakine benzer olarak dikimden 6nce fide kok daldirmasi seklinde yaptiklari uygulamada
tiim bakteri uygulamalarini hastaliga karsi etkili bulurken CCR80 ve ISE14 izolatlarimin biber verimini
de arttirdigini bildirmislerdir.

Biberin ciddi hastaliklarindan biri olan Phytophthora yanikligi hastaligma karsi antagonist
bakterilerin degerlendirildigi bu calismada {imitvar sonuclar elde edilmistir. Caligmalara tiim
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izolatlarin gbzden gegirilerek devam edilmesi ve etki mekanizmalarinin ortaya konmasi faydali
olacaktir. Ayrica etkin antagonistlerin kitle iiretim olanaklarinin da irdelenmesi ve arazide
uygulanabilir formiilasyonlar haline getirilmesi ¢alisilmasi gereken diger konular arasindadir.
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Oz: Diinya’da 48 cins ve 1050 tiirii iceren Urticaceae familyasina ait bitkiler,
gegmisten  glinlimiize birgok alanda farkli amaglarla yogun olarak
kullanilmaktadir. Isirgan otunun tarimsal ve farmakolojik amacl genis alanlarda
kullaniminin arttirilmasina yonelik calismalara katki saglamasi amaciyla yapilan
bu calismada, U. dioica bitkisinin ¢imlenmesini tesvik edici parametrelerin
belirlenmesi hedeflenmistir. Isirgan otu tohumlarinin ¢imlenmesine etkilerini
belirlemek amaciyla Trichoderma harzianum, T. virens, T. asperellum funguslari
Hoagland besin soliisyonu ve Potato Dextrose Agar (PDA), Water Agar ve
kurutma kagidi ¢imlenme ortamlar1 kullanilmigtir. Calisma in vitro kosullarda 4
tekerrlirlii olarak ylriitilmiistiir. Deneme sonucunda, tiim Trichoderma tiirlerinin
kurutma kagidi ortaminda besin soliisyonu ile birlikte Isirgan otu bitkisinin
¢imlenmesini tesvik ettigi ve kontrole gore % 62.5 oraninda artirdigi saptanmustir.
Bu baglamda, in vitro kosullarda gorillen bu etkinin in vivo kosullara
aktarilmasinin yararli olacagi ortaya konmustur.
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Abstract: Plants belonging to the Urticaceae family, including 48 genera and
1050 species in the world, are used extensively in many areas from past to present
for different purposes. The aim of this study was to determine the parameters that
promote germination of U. dioica plant in order to contribute to the studies aimed
at increasing the use of nettle in large areas for agricultural and pharmacological
purposes. Trichoderma harzianum, T. virens, T. asperellum fungi, Hoagland
nutrient solution and Potato Dextrose Agar (PDA), Water Agar and blotter
germination medium were used to determine the effects on germination of nettle
seeds. The study was conducted in vitro with 4 replications. As a result of the
experiment, it was determined that all Trichoderma species promoted germination
of nettle plant with nutrient solution in blotter medium and increased by 62.5%
compared to control. In this context, it has shown that will be beneficial
transferring this effect seen in vitro conditions to in vivo conditions.
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1. Giris

Diinya’da ve iilkemizde organik tarima uygun olarak iiretilen {iriinlere olan talep artarak devam
etmektedir. Giintimiizde tiiketici, alacag: iiriiniin insan sagligina uygun, giivenli iiretildiginden emin olmak
istemekte ve bu sekilde iretilen iriinleri tercih etmeye 6zen gostermektedir (Demirytirek, 2011).
Stirdiiriilebilir tarim kavrami ile birlikte bu talepler biiyiik oranda karsilanmakta ve bugiiniin kullanilan
kaynaklarinin sonraki kugaklara kayipsiz bir sekilde aktarilmasi hedeflenmektedir (Eryilmaz ve Kilig,
2018). Diinyanin bir¢ok yerinde siirdiiriilebilirlik kavramimin yaygin olarak kullanilmaya baglanmasi
1980’11 yillara dayanmaktadir. Kokeni Latince “Sustinere” kelimesinden gelen bu kavram; siirdiirmek,
saglamak, devam ettirmek, desteklemek ve var olmak anlamlarinda kullanilmaktadir (Onions, 1964).
Siirdiiriilebilir iiretim kavrami aslinda endiistriyel iiretimin meydana getirdigi sorunlar ¢ézebilmek igin
ortaya atilmis ¢ozlim Onerilerinin de bu alan altinda toplanmis oldugu bir baslik olarak goriilmektedir.
Burada oncelikle kabul edilmesi gereken temel kurallar; tarimsal iiretim i¢in diinyada gerekli olan
kaynaklarin sonsuz olmadigi, dogal dengeyi bozarak istenilen 6l¢iide ve siirekli olarak bir gelismenin
saglanamayacagi goriisiidiir (Turhan, 2005). Bu tarim sistemi 0Ozii itibariyle topragin siirekli
kullanilabilecek bir verimlilige sahip olmasini saglayan, bitkinin direncini artiran, bitki korumada
biyolojik yontemleri de tavsiye eden, tiretimde miktar artisini degil riiniin kalitesinin yilikselmesini
hedefleyen bir iiretim sistemi olarak tarif edilmektedir (Giines, 2015).

Cevre konusundaki degisimler, bilgi teknolojilerindeki hizli gelismeler ve artan maliyetler goz
oniine alindiginda girdilerin miimkiin oldugunca etkin bir sekilde kullanilma zorunlulugu vardir. Ileride bu
durumlar bir araya getirildiginde, tarimsal {iretimde kullanilan materyallerin farkli alanlarda (tibbi,
endiistri, sanayi vb.) kullanilmasi ve yayginlasmasinin énemini daha da arttirdig1 goriilmektedir (Karaca
ve ark., 2017). Gelismis tilkelerde temiz gevre ve saglikli bitkisel tiretim igin biyolojik veya mikrobiyal
giibre formiilasyonlar1 elde edilmesi amaciyla yogun c¢alismalar yapilmaktadir (Kucharski ve ark., 1996;
Vessey, 2003). Yararli mikroorganizmalar genellikle Bacillus spp., Azotobacter spp., Rhizobium spp.,
Saccharomyces spp., Azospirillum spp ve Trichoderma spp.’den se¢ilmektedir. Trichoderma spp.
mikrobiyal giibre olarak kullanilmasiin yani sira bitki patojenlerine karsi antagonistik etkisi ve tohum
¢imlenmesini tesvik edici dzelligi ile de lizerinde en ¢ok aragtirma yapilan mikroorganizmalardandir (Woo
ve ark., 2006; Giines, 2015).

Trichoderma’larin bitkisel tretimde verimliligi arttirdigi gibi, aym1 zamanda abiyotik stres
kosullarina dayanikliligi arttirdigi, besin alinimi ve kullanimini tegvik ettigi yoniinde yapilan son
calismalarda onemi dikkate deger miktarda artmis durumdadir (Ozkale, 2017). Trichoderma tiirleri,
Diinya’nin her yerinde genis bir yayilis gostermekte olup hemen hemen tiim toprak ve dogal habitatlarda
mevcuttur. Bu fungus cesitli bitkilerin kok yiizeylerinden, g¢iiriiyen kabuktan, sklerotlardan veya
funguslarin diger tireme organlarinin iizerinden izole edilebilmektedir (Aydin, 2015). Trichoderma’yi
diger toprak mikroorganizmalardan daha etkili yapan onun toprak besin maddelerini tagimasi ve almasi
bakimindan daha giiclii bir kapasiteye sahip olmasidir (Ozkale, 2017).

Bitki tohumlar1 Trichoderma spp. ile muamele edildiginde ¢imlenmenin daha kisa siirede oldugu
bildirilmektedir. Trichoderma spp. ile tohum bir araya geldiginde bazi etkilesimler gozlenmektedir.
Bunlar;

1) Tohum fizyolojik, biyotik veya abiyotik stres kosullarina maruz kaldiginda T. harzianum fungusu
olumlu etki gostermektedir.

2) T. harzianum, biyotik, abiyotik ve fizyolojik stres kosullarindaki tohumun zararini hafifletir.
Ancak yetistiricilik doneminde strese giren fideler i¢in bu funguslara ait baska calisma
yapilmamustir. Bunun nedeni, yapilan ¢alismalarda sadece bir stres faktorii veya sadece bir fungus
tiirii tizerinde durmalaridir.

3) T. harzianum tohum ¢imlenmesini hizlandirir (Mastouri ve ark.,2010).

Isirgan otu, Urticaceae familyasina ait kok veya tohum ile g¢ogalabilen, yavas bir yayilis gosteren ¢ok
yillik yabani bir bitkidir. Bitkinin Diinyanin hem kuzey hem giiney yarim kiiresinde dogal yayilig
gosterdigi bilinmektedir. Baytop (1963)’iin bildirdigine gére Anadolu’da Urtica urens, Urtica pilulifera
ve Urtica dioica tiirleri bulunmaktadir. Bunlardan U. urens ve U. pilulifera tek yillik, U. dioica ise ¢ok
yillik 6zelliktedir. Bu tiirlerin etki sekilleri ve kimyasal 6zellikleri birbirine yakindir. Ulkemizde 6zellikle
Urtica dioica ¢ok yaygindir (Deveci ve ark., 2016). Toprak iistii kisimlar1 kalsiyum, potasyum ve silisik
asit tuzlar tasir (Sarag, 2005). Rizomlu koklere ve tek tohumlu yapiya sahiptir (Kog, 2002). Familyaya
Ozgu tiirlerin yaprak yiizeylerinde bulunan yakici tiiyler, deride kizarma ve kaginma hissi verir. Yakici
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tilylerin igerisinde asetilkolin, karinca asidi, histamin ve formik asit bulunmaktadir. (Ayan ve ark., 2006).
Yapisinda bulunan bazi kimyasal maddelerden dolay1 Isirgan otu ge¢misten giiniimiize bir¢ok alanda
yaygin sekilde kullanilmaktadir. Bu alanlar1 siralayacak olursak; tibbi, boya, giibre, kozmetik, lif {iretimi
ilk basta gelmektedir. Lif bitkisi olmasi sebebiyle Avrupa' da 19. yiizyildan ikinci diinya savasina kadar
yetistiriciliginin yapildig:1 bildirilmistir (Vogl ve Hartl, 2003). Avrupa’da giyim i¢in dokuma tekstil
diriinlerinin iiretilmesinin, ekili tekstil bitkilerinin (keten, kenevir, 1sirgan otu) kullanilmasiyla tarimin
gelismesinin yakindan iligkili oldugu disiintilmektedir (Bergfjord ve ark., 2012). Ayan ve ark. (2006),
iilkemizde oOzellikle Karadeniz Bolgesi'nde yogun olarak yayilis gosteren bu bitkinin tarim sistemi
icerisinde yer almasinin 6nemini vurgulamislardir. Isirgan otu toprak istegi bakimindan segici olmamasina
karsin, bircok makro ve mikro besin elementlerince zengin topraklarda daha iyi yetismektedir. Ayrica
kurak bolgelerde sicakliga kars1 dayanikli olmayip ortamda hemen zarar gérmektedir. (Sansal, 2017).

Gecmiste bircok medeniyetin bu bitkiyi halk hekimliginde kullandigina dair bilgiler verilmektedir
(Ozbey, 2013). Isirgan otunun yapisinda bulunan maddelerin antikanserojen, antiflamatuvar, antiviral,
antioksidan etkisinin oldugu ve ¢ok sayida flavanol glikozidleri araciligiyla bagisiklik sistemini
giiclendirdigi bildirilmektedir (Deveci ve ark., 2016). Bunlarin yan1 sira Isirgan otu; ¢esitli mineraller,
vitaminler, askorbik asit, esansiyel aminoasit ve yaglar agisindan zengin olmasi sebebiyle insan
beslenmesinde de dnemli bir yere sahiptir (Tekin, 2018).

Yenilenebilir ve dogal kaynakli olan 1sirgan otu bitkisinin az girdi ile {retilmesi, bu bitkiyi
ekolojik acidan avantajli hale getirirken, yapisinda bulunan maddeler birgok alanda kullanimini
arttirmaktadir (Sansal, 2017). Isirgan otu bitkisinin hizli ve fazla miktarda iiretilmesinin gerekli oldugu
topraksiz ortam igeren kosullarda ¢imlendirilmesinin saglanmasi, elde edilmesi hedeflenen maddelerin
(formik asit, histamin, asetilkolin vb.) daha kisa siirede iiretilebilmesi ile 6zellikle farmakoloji, tip, tekstil
sanayisi gibi tarim dig1 alanlarda da kullanilmasimin kolaylastirilmas: nem arz etmektedir. Ulkemizde
Isirgan otu yetistiriciliginin arttirilmasi, bir¢ok alanda kullaniminin tegvik edilmesi ve in vitro kosullarinda
yapilan ¢alismalara yonelik fikir olugsmasi amaciyla yapilan bu ¢alisgmada, Trichoderma tiirlerinin Isirgan
otu (U. dioica) bitkisinin farkli ortamlarda ¢imlenmesine etkisi arastirilmustir.

2. Materyal ve Yontem

Bu arastirma, Van Yiiziincii Y1l Universitesi, Ziraat Fakiiltesi, Bitki Koruma Béliimii, Mikoloji
Laboratuvart in vitro ortaminda yiritilmiistir. Arastirmada bitkisel materyal olarak Urticaceae
familyasina ait Urtica diocia (Isirgan otu) tohumu kullanilmistir. Tohumlar ayni yil igerisinde tohum
firmasindan temin edilmis olup deneme kuruluncaya kadar +4 °C’de buzdolabinda bekletilmistir.

Calismada Van Yiiziincii Y1l Universitesi, Ziraat Fakiiltesi, Bitki Koruma Béliimii, Fitopatoloji
laboratuvart kiltiir stoklarinda bulunan etkinligi yiiksek olarak belirlenen Trichoderma harzianum,
Trichoderma virens ve Trichoderma asperellum izolatlari tohum ¢imlenmesini tesvik etmesi amaciyla
kullanilmistir. Pozitif kontrol olarak seyreltilmis Hoagland besin soliisyonu kullanilmistir (Hoagland ve
Arnon, 1950). Calismada, ¢imlenme ortamlar1 igin Patates Dekstroz Agar (PDA), Water Agar besiyerleri
ve steril edilmis kurutma kagitlar1 kullanilmigtir.

Cimlenme testi tesadiif parselleri deneme desenine gore, 4 tekerriirlii ve her tekerriirde 4 tohum
olacak sekilde 5 ¢cm capindaki kapakli cam petri kaplarinda gerceklestirilmistir. Trichoderma spp.’nin
gelisen kolonilerden hemositometre ile 1x10° konidi/ml igeren 10 ml’lik siispansiyon hazirlanmigtir. Ayni
sekilde bitki besin maddesince zengin olan Hoagland besin soliisyonundan 10 ml’lik siispansiyon
yapilmistir. Herhangi bir Trichoderma spp. yada besin soliisyonu uygulanmayan tohumlar ise kontrol
amagh kullanilmigtir. Yiizey dezenfeksiyonu yapilan Isirgan otu tohumlari hazirlanmis olan 10 ml’lik
siispansiyon ve besin soliisyonu ile kaplandiktan sonra yarim saatlik siireyle bekletilmistir. Tohumlar
kurutma kagitlar1 arasinda kurutularak cam petri kaplarina yerlestirilmistir. Her bir petri kutusuna 2 ml
steril saf su piiskiirtiilmiis ve etrafi parafilmlenerek 24°C inkiibatére birakilmistir. Tohumlarda kokeiigiin
gorililmesi (1-2 mm) ¢imlenme i¢in yeterli sayilmis ve iki giinde bir ¢imlenen tohum sayisi belirlenmis ve
bu islem ¢imlenen tohum sayisi sabit hale gelene kadar devam etmistir. Tohumlarin ¢imlenmesi ve
kullanilan ortamlarin etkisini belirlemek igin 14 giin boyunca iki giinde bir hem gézlem yapilmis hem de
steril kabin igerisinde petrilere 2 ml kadar su piiskiirtiilmistiir. Alinan degerler kaydedilmistir. Cimlenme
testi sonunda Trichoderma spp. uygulamalarinda toplam ¢imlenme orani (%),¢imlenme i¢in gegcen zaman
(giin) ve ¢cimlenme ortami parametreleri belirlenmistir.
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Caligmada; giinler, ortamlar ve uygulamalarin ¢imlenme sayisi bakimindan etkilerini arastirmak
i¢in Kruskall walis testi kullanilmistir. Bu testin sonucunda énemli bulunan farkliliklar1 belirlemek i¢in ise
ManWhitney testi uygulanmustir. Gerekli analizler SPSS istatistik yazilim programi kullanilarak
yapilmstir.

3. Bulgular

Farkli biyoetmen tiirlerinin Isirgan otu bitkisinin tohum ¢imlenmesine olan etkisinin arastirildigi
bu ¢alismada Trichoderma spp. nin ve uygulanan muamele gruplari arasindaki farkin, ¢cimlenme ortamlari
fark etmeksizin, istatistiksel olarak 6nemsiz oldugu belirlenmistir (p>0.05; Cizelge 1). Ancak ¢imlenme
ortamlar1 ve giinler arasindaki fark istatistiksel olarak onemlidir (p<0.05; Cizelge 2, Cizelge 3).
Trichoderma spp. nin Isirgan otu bitkisinin ¢imlenmesine etkisi Cizelge 1’de verilmistir. Buna gore
ortalama rank degerleri arasinda fark olmadigi ve istatistiki olarak Onemsiz oldugu goriilmektedir
(p>0.05). T. virens’in ¢gimlenmeye etkisinin en az oldugu belirlenmistir.

Cizelge 1. Trichoderma spp. nin ve besin soliisyonunun Isirgan otu tohumunun ¢imlenmesine etkisi

Muamele Gruplari N Means Rank Ortalama
Isirgan otu x T. harzianum 42 108.10 0.333
Isirgan otu x T. virens 42 98.44 0.190
Isirgan otu x T. asperellum 42 103.61 0.285
Isirgan otu x Besin soliisyonu 42 108.58 0.357
Kontrol 42 108.77 0.357

*: Ayn siitun icerisindeki ortalamalar ayn1 grup oldugundan harflendirmeye gerek duyulmamustir.
*: Means Rank: Sira say1 ortalamalar sayisidir.
*: N: Gozlem sayisidir.

Cizelge 2’de Trichoderma spp. ile muamele edilmis Isirgan otu tohumlarnin ¢imlenmesine
glinlerin etkisi ve aralarindaki farkliliklar verilmistir. Buna gore tohumlarn ¢imlenmesinde giinler
arasindaki farkin istatistiksel olarak dnemli oldugu gozlemlenmistir (p<<0.05). Tohum ¢imlenmelerinin ilk
haftadan sonra azalmaya basladig1 fark edilmistir. Pozitif kontrol olarak kullanilan besin soliisyonunda
Isirgan otu bitkisinin ¢imlenmesini tesvik ettigi belirlenmistir. Giinlerin T.harzianum ile T.asperellum
arasindaki farki istatistiksel olarak Onemsiz bulunurken (p>0.05) T. virens uygulamasi Onemli
bulunmustur(p<0.05).

Cizelge 2. Trichoderma spp. nin Isirgan otu tohumunun ¢imlenme hizina (giin) etkisi

Glin/Muamele T.harzianum  T. virens T.asperellum  Besin Kontrol
Soliisyonu
N Means Rank  Means Rank  Means Rank  Means Rank  Means Rank
2.Glin 6 24.42 19.00° 21.67 25.172 17.00°
4.Giin 6 20.25 25.67% 27.75 20.17% 31.752
6.Glin 6 24.83 26.502 25.17 30.83¢2 23.83°
8.Glin 6 20.25 19.00° 21.92 23.33%® 23.83°
10.Giin 6 20.25 22.33° 18.00 17.00° 17.00°
12.Giin 6 20.25 19.00° 18.00 17.00° 20.08°
14.Giin 6 20.25 19.00° 18.00 17.00° 17.00°

*: Aynt siitun icerisindeki ortalamalar ayn1 grup oldugundan harflendirmeye gerek duyulmamustir.
*: Means Rank: Sira say1 ortalamalar sayisidir.
*: N: Gozlem sayisidir.

Trichoderma spp. ile muamele edilmis Isirgan otu tohumlarinin ¢imlenmesine ortamlarin etkisi Cizelge
3’de verilmistir. Ortalama ranka gore, ¢cimlenmeyi tesvik edici ortamlar arasinda kurutma kagidinin etkili
oldugu goézlemlenmistir. Cimlenme daha ¢ok Trichoderma spp. X kurutma kagidi muamele grubundadir.
Trichoderma spp. nin PDA ve WA ortaminda digerlerine oranla ¢imlenmeye pek etkisinin olmadig tespit
edilmistir.
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Cizelge 3. Trichoderma spp. nin ve ortamlarin Isirgan otu tohumunun ¢imlenmesine etkisi

Cimlenme T.harzianum T. virens T.asperellum  Besin Kontrol
Ortami/Muamele Soliisyonu

N Means Rank  Means Rank  Means Rank  Means Rank  Means Rank
PDA 14 18.39° 19.00° 18.00 18.36° 22.36
WA 14 18.72° 19.00° 22.36 21.86° 21.71
Kurutma Kagidi 14 27.32° 26.50° 24.14 24.29? 19.93

*: Ayni siitun igerisindeki ortalamalar ayni grup oldugundan harflendirmeye gerek duyulmamustir.
*: Means Rank: Sira say1 ortalamalar sayisidir.
*: N: Gozlem sayisidir.

4. Tartisma ve Sonug

Calisma sonucu elde edilen verilere bakildiginda, biyoetmen tiirlerden Trichoderma harzianum’un
Isirgan otunun ¢imlenmesinde etkili oldugu saptanmustir (Cizelge 1). Pagliarulo ve ark. (2004) tarafindan
yapilan c¢aligmada, tibbi bitkilerin verim artigi, olgunlagsma siiresini kisaltma, tarla iiretiminde genel
tutarliligi ve kaliteyi arttirma hedeflenmistir. Bitki gelisimi igin yetistirme ortamlarmin bitki gelisim
parametrelerini etkiledigi ifade edilmektedir. Nitekim bu c¢aligmada da Isirgan otu tohumlarinin
cimlenmesini etkileyen ortamlar ele alindiginda kurutma kagidinin diger ortamlara oranla ¢imlenmeyi
arttirdigir  sOylenebilir (Cizelge 3). Bu durumun in vitro kosullarinda kurutma kagidinin nemli
tutulmasindan ve bunun da ¢cimlenmeyi tesvik etmesinden kaynaklandig: diistintilmektedir.

Hem tohum hem vejetatif kiiltiirli Isirgan otu bitkisine uygulanan azot formlart ve demir
selatlarinin, basta kok gelisimi olmak iizere bitki gelisim parametrelerini, canliligini ve besin maddelerinin
miktari arttirdigi rapor edilmistir (Fodor ve Cseh., 1993). Calismamizda da T. harzianum ve besin
sollisyonu uygulanan muamele gruplarinin digerlerine oranla ¢imlenmede etkinliginin daha yiiksek oldugu
fark edilmistir (Cizelge 1). Literatiirde sozii edilen besin degeri ve gelisimi i¢in gerekli olan faktorler
paralellik gostermistir.

Trichoderma tiirleri, etkin biyoetmen mikroorganizmalar olarak son yillarda oldukca popiiler
olmuslardir. Bir¢ok bitkide Trichoderma tiirlerinin kullanilmasiyla verim ve kalitede artis oldugu (Bal ve
Altintag, 2006; Cig ve Aydin, 2019; Aydin, 2015; Demirer Durak, 2018), antagonistik ozellikleri ile
etkinlik gosterdigi rapor edilmistir. Tulukgu (2012) tarafindan yapilan ¢alismada, bazi tibbi bitkilere ait
tohumlarin ¢imlenme hizi ve ¢imlenme giicii 6zellikleri belirlenmeye calisilmistir. Fakat tibbi bitkiler
arasindan Isirgan otu tohumlarinin ¢imlenmedigi gézlenmistir. Ancak bu ¢aligmada Trichoderma spp. ve
besin soliisyonunun etkisi ile Isirgan otu tohumlarinin ¢imlenme hizinda artis oldugu hatta ilk
¢imlenmelerin 2. giinden baslandig1 gozlemlenmistir (Cizelge 2). Bir baska ¢alismada ise, T. harzianum
izolatin1 igeren bir ticari mikrobiyal giibrenin marul (Lactuca sativa L.) bitkisine in vitro ve in vivo
kosullarinda ¢imlenmesi, gelisimi ve verimi iizerine etkileri arastirilmistir. Mikrobiyal giibre olarak T.
harzianum’un hem in vitro hem topraksiz kosullarda ¢imlenme, bitki gelisimi ve verimi olumlu olarak
etkiledigi goriilmiistiir (Ozbay ve ark., 2015). Tarafimizdan yapilan ¢alismada, Trichoderma spp. nin
¢imlenme oranim etkilemesi Ozbay ve ark., (2015) tarafindan yapilan galisma sonuglari ile paralellik
gostermistir.

Asaduzzaman ve ark (2010) tarafindan yapilan ¢alismada, bes farkli Trichoderma spp. spor
siispansiyonlarinin biber tohumlarinda hem laboratuvar hem de sera kosullarinda g¢imlenme ve fide
parametreleri iizerindeki etkileri degerlendirilmistir. Sonuclari ¢alismamizin degerlendirmeleri ile
uyusmus ve T. harzianum’un tohum ¢imlenmesini arttirdigi goézlenmistir. Bununla birlikte
Trichoderma'nin in vivo etkisini incelemek i¢in daha fazla arastirma yapilmasi gerektigi belirtilmistir.
Bagka bir ¢alisma, T. harzianumun biyotik, abiyotik ve fizyolojik stres kosullari altinda tohum canliligini
arttirdif ve bitkilerde oksidatif hasara kars1 fizyolojik koruma saglayarak stresi azalttig1 ifade edilmistir
(Mastouri ve ark.,2010).

Asya’nin ve Kuzey Amerika’nmin 1liman bdolgeleri boyunca yetisen Isirgan otu bitkisinin gerek
endiistriyel gerekse tibbi alanda kullanimi yaygimndir. Ulkemizde ise bu bitkinin hem laboratuvar hemde
arazi kosullarinda kullanimimi kolaylastirmak, yeni sanayi ve farmakolojik alanlar1 gelistirmek, verimsiz
tarim alanlarin1 daha iyi degerlendirmek igin iiretimi arttirtlmalidir. Dolayisiyla daha hizli ¢imlenmesini,
yapisinda bulunan faydali maddelerin kullanim alanlarini arttirmak bazi dogal organizmalarla miimkiindiir
(Ayan ve ark., 2006).
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Sonu¢ olarak, bu ¢aligmada Trichoderma tiirlerinin Isirgan otu bitkisinin ¢imlenmesinde
farkliliklar gosterdigi ve bu farkliliklarin olusmasinda ¢imlenme ortamlarinin ve besin soliisyonunun
etkisinin oldugu ortaya konmustur. Genel olarak s6z konusu Trichoderma tiirlerinin, in vitro kosullarda
Isirgan otu (U. dioica) tohumunun ¢imlenme oranini arttirdigi belirlenmistir. Bu mikroorganizmalarin
cimlenmeye olan etkisinin yani sira, Isirgan otu igerisinde bulunan ve farmakolojik acidan 6nemli olan
bazi maddelerin (flavonoidler, organik asitler, esansiyel yaglar, mineraller, vitaminler v.b..) icerigine ve
miktarina etkisinin arastirilmasi, gelecekte bu yonde yapilacak diger arastirmalara da 1sik tutacak
niteliktedir.
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Abstract: Nigeria is an agrarian economy and the recognition of entrepreneurship
as a mover of national development has made it to gain popularity in her
educational system in recent years. This study focused on the factors influencing
Entrepreneurial Intentions (EIs) of undergraduate agricultural students in Nigeria
using Theory of Planned Behavior (TPB). Well structured, pre-tested questionnaire
was used to gather relevant information from final year undergraduate agricultural
students in private, state and federal government owned universities in Nigeria
using multistage sampling techniques. The data were analysed with descriptive
statistics, factor analysis and multiple regression model. The results showed that
personal attitude towards entreprencurship, subjective norms and perceived
educational support were the main factors influencing students’ EI positively at
(P<0.01). Arising from this revelation, the study recommended the development of
positive attitude towards becoming entrepreneurs as well as enhancement of
educational facilities in the universities to improve students’ EI.
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Oz: Tarm iilkesi olan Nijerya’da, tarmsal girisimcilik ulusal kalkinmanin
tastyicisi olarak goriilmekte ve bu durum tarimsal girisimciligin son yillarda egitim
sisteminde popiilerlik kazanmasini saglamistir. Bu ¢alismada “Planlanan Davranig
Teorisi” yontemi kullanilarak, Nijerya’daki Ziraat Fakiiltesi &grencilerinin
girisimciliklerini etkileyen faktorler belirlenmeye g¢alisilmistir. Calismada, cok
agsamal1 6rnekleme teknikleri kullanilarak 6zel, eyalet ve devlet iiniversitelerinin
son smiflarinda okuyan Ziraat Fakiiltesi 6grencileri ile anket yapilmistir. Veriler,
tanmimlayici istatistikler, faktdr analizi ve g¢oklu regresyon modeli ile analiz
edilmistir. Calisma sonuglari, &grencilerin girisimcilige yonelik bireysel
tutumlarinin, 6znel normlarinin ve egitim destegi almalarmin girisimciliklerini
pozitif etkiledigini gdstermistir (P<0.01). Bu sonuglardan yola g¢ikarak,
ogrencilerin girisimcilige yonelik olumlu tutumlariin gelistirilmesinin yani sira,
iniversitelerde egitim olanaklarinin da gelistirilmesi onerilmektedir.
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1. Introduction

Nigeria is an agrarian economy and the agricultural sector contributed significantly to the
development of Nigeria up till the oil boom era of late 1970’s. The oil boom then led to mass migration
of youths from rural areas to urban centers in search of white collar jobs that were not in existence. This
led to increase in high rate of youth unemployment in the country. The agricultural sector remains the
nation’s leading non-oil economic sector. The sector consists of wide range of sub-sectors which provide
oppourtunities for a huge number of different enterprises. This accounted for a huge number of the
labour force (70%) being engaged in various agricultural enterprises (National Bureau of Statistics
(NBS) 2019; Food and Agricultural Organization (FAO, 2019). Of the proportion of labour force in
agriculture, about 72% of them has no formal education and over 80% are subsistence farmers. Nigeria
agriculture is facing an ageing workforce with the negative consequence on the contribution of
agriculture to the nation’s economic development. It will be difficult for the aged persons, which are the
majority in the nation’s agricultural sector to meet the food needs of the ever increasing population as
well as national development.

Transforming the prospects that abound in agriculture into national food security and economic
development requires entrepreneurs who are the coordinators of other factors of production. An
entrepreneur refers to a person who identifies oppourtunities and turn it into business. Recently,
entrepreneurship remains a topical issue as a result of its significance in the economic growth and
development of developing and developed nations (Karimi et al., 2016). It serves as source of innovation
and creativity which result in increased productivity. It is a tool through which unemployment can be
reduced most especially in developing nations, Nigeria inclusive. The realization by Nigerian
government of youths as the important source of emerging entrepreneurship led to the introduction of
entrepreneurship training into the curriculum of senior secondary school, post secondary school and
university. Also, the recognition of the importance of entrepreneurship in the development of
agricultural enterprises led to the introduction of entrepreneurship into the curriculum of agricultural
courses in higher institutions in the country. In addition to introduction of entrepreneurial courses to the
curriculum, the students in agricultural courses in universities are also made to undergo a 6 months
industrial training in the penultimate year of their programs. These are expected to enhance the
entrepreneurial skills of students such that upon graduation, they will become self-employed in various
agricultural enterprises. Also, it will lead to reduction in the high rate of unemployment, thus,
contributing to economic development of the country.

However, despite these, not many youths have been attracted into agricultural enterprises and a
number of factors could be responsible for this. First, insufficient access to knowledge, information and
education, followed by inadequate access to financial services and lastly, limited involvement in policy
dialogue among others (FAO, 2014). Thus, it becomes imperative to identify the factors influencing
undergraduate students’ intentions to become self-employed in agricultural enterprises. Previous studies
on undergraduate students’ entrepreneurial intentions (Waguey, 2014; Shiri et al., 2015; Aman et al.,
2017) are not on agricultural students. The few ones on agricultural undergraduate university students
are not from Nigeria (Pouratashi, 2014; Yua and Wang, 2019).

It is worthy of note that no two nations and societies are exact replicas of one another, and
factors shaping intentions differ from one individual to another. Therefore, it will not be appropriate to
envisage that the impact of a factor on Els in one location will of necessity be the same in another. This
may be responsible for the mixed results from volume of studies that focused on Els. This implies that
there is no clear connection among the results produced by EI studies. This underlines the importance
of EI studies that focused on a specific population in a given location. Hence, this research examined
the Els of agricultural undergraduate students in Nigeria Universities.

Theoretical framework, Literature review and hypothesis

Theoretical framework

The focus of this study is to determine the factors influencing undergraduate agricultural
students’ intentions to become entrepreneurs. Most of the previous related studies (Linan, 2009; Ambad
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and Ag Damit, 2016) opined that entrepreneurial intention can be studied using TPB. Hence, this study
make use of TPB model as shown in Figure 1.

Perceived Subjective
Norm

: Perceived Behavioural

Control

Entrepreneurial

Perceived Personal %
Attitude
intension

Perceived Societal
Support

Perceived Educational
Support

Figure 1. Theoretical framework of factors influencing entrepreneurial intentions of agricultural students

Literature review and hypothesis
Entrepreneurial Intentions

Entreprencurial intention refers to an individual’s approaches to the consequences of the
resulting actions and his self-efficacy, opinion of desirability and practicability to act upon opportunities.
It embroils persuasion, strong determination as well as ability to be independent. The TPB by Ajzen
submits that intention is directly linked with behaviuor. The fundamental of the TPB is the indication
that intention centers on three theoretically autonomous factors. The factors are: personal attitude,
perceived behavioural control and perceived subjective norms. Most studies on EI also included
perceived educational support and perceived societal support as factors influencing EI (Politis et al.,
2012; Denanyoh et al., 2015). Although EI is believed to be an area that has been broadly explored,
some researchers reason that there is still dearth of study on EI, especially in developing countries,
including Nigeria where matters surrounding entrepreneurship are yet to be resolved.

Personal attitude and entrepreneurial intentions

Attitude denotes the way a person evaluate and compare an object against the available
oppourtunities based on the person’s thought, belief, and emotions about the object. Favourable attitude
of individuals may serve as catalyst that will strengthen their entrepreneurial intentions. Evidence
showed that positive association existed between personal attitude and Els (Ebewo et al., 2017). The
studies that reported positive relationship between personal attitude and Els were conducted in
developed and developing countries and among university students across various fields of study.
However, the magnitudes of association reported varies. Their findings lead to the following hypothesis:
Hypothesis 1. Personal attitude is positively associated with entrepreneurial intentions.
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Perceived subjective norms and entrepreneurial intentions

Subjective norms in form of sentimental and monetary supports from family and friends may
inspire persons to become entrepreneurs. According to (Tiirker and Selguk, 2009), subjective norms
denote the consent received from family, friends, and others for one to engage in entrepreneurial deeds.
Family and friends may have a great influence on person’s career choice since they are considered as
role models who may serve as source of credits and information. Mixed opinions characterized the
outcomes of the studies on the effect of subjective norms on Els. While (Bagheri and Pihie, 2014; Mata
et al., 2015; Ridha and Wahyu, 2016) reported a positive correlation between subjective norms and
entrepreneurial intentions, (Leonidas et al., 2013), showed negative correlation. Based on the literature
reviewed, it is hypothesized that:

Hypothesis 2: There is a positive significant correlation between perceived subjective norms and
entrepreneurial intentions.

Perceived behavioural control and entrepreneurial intentions

Perceived behavioural control is a view of the individual’s perceived peculiar simplicity or strain
to engage in an endeavor. Researchers (Almobaireek and Manolova, 2012; Leonidas et al., 2013),
revealed that there was a positive link between perceived behavioral control and Els. Therefore, it is
suggested that:
Hypothesis 3. There is a positive significant relationship between perceived behavioural control and
entrepreneurial intentions.

Perceived educational support and entrepreneurial intentions

University education remains an effective way for gaining the required skills and knowledge
that support entrepreneurship. University environment has already been recognized as a supporting
influence on students’ Els. Entrepreneurial allied courses and trainings are required if university
students’ Els must be promoted (Lope and Zaidatol, 2009). In order for youths to survive in today’s
increased business realm, the university is expected to play a significant role in stimulating
entrepreneurship. A little wonder while most universities nowadays are at the forefront of encouraging
the development of entrepreneurial activities, thereby stimulating the commercialization of university
skills (Politis et al., 2012). This is due to the recognition of perceived educational support as a strong
determinant of Els. All the previous researches that reported significant relationship between perceived
educational support and Els opined that there was direct association between the two variables. Given
the role university education plays in stimulating entrepreneurship among students’, it can be proposed
that:

Hypothesis 4. There is a positive significant relationship between perceived educational support and
entrepreneurial intentions.

Perceived societal support and entrepreneurial intentions

The importance of societal support in the development of entrepreneurial activities has been
emphasized. In this study, societal support denotes the perceived entrepreneurial assistances from
government and non-government agencies which could be in form of business oppourtunities including
enabling environment, financial aids as well as rules and regulations guiding the activities of
entrepreneurs. Structural support was found to be positively linked with entrepreneurial intentions
(Denanyoh et al.,2015). To this end, it is postulated that:

Hypothesis 5 There will be positive significant relationship between perceived societal support and
entrepreneurial intentions.

2. Material and Methods
The study was carried out in Kwara state, Nigeria. It is one of the 36 states in the country and it

is located in the north-central geopolitical zone of the country. The state was selected because it has
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federal and state universities with faculty of agriculture in each, as well as an agricultural based private
university. The three selected universities are: University of Ilorin (federal), Kwara State University and
Landmark University (private). Incidentally, the three universities are known for stability in their
academic calendar which is unprecedented in the country. The sampling frame for the study was all final
year undergraduate agricultural students in 2018/2019 academic session, and data were collected in
January, 2019. The study focused on final year students because it is assumed that they must have been
exposed to series of entrepreneurial curriculum during the cause of their study. While population survey
was adopted in the case of Kwara State University (37 students) and Landmark University (18 students)
due to very low population of participants, multistage sampling techniques was employed in selecting
50% of the 630 respondents at University of Ilorin.

A total of 370 students were interviewed with the aid of a well-structured pre-tested
questionnaire. The constructs and questionnaire used was adopted from (Ambad and Ag Damit 2016)
with some modifications to fit the current study. However, 347 questionnaires (93.8% response rate)
were adequately filled and used for this study. Information were gathered on demographic characteristics
as well as various constructs which include: perceived personal attitude (8 items), subjective norms (6
items), behavioural control (7 items), perceived educational support (8 items), perceived societal support
(7 items) and entrepreneurial intentions (9 items). Information on the six constructs were collected using
a 5-point Likert-type scale which ranged from strongly agree (1) to strongly disagree (5).

2.1. Method of Data Analysis

The data collected were analysed with descriptive statistics, factor analysis and regression
models using SPSS version 21 statistical software program. Descriptive statistics were employed to
analyse demographic characteristics of respondents, while regression models were used to test the
various hypothesis.

2.1.1. Exploratory Factor Analysis

Exploratory factor analysis was conducted on the data prior to regression analysis to assess the
fundamental forms of the measurement scales. Variables (items) that loaded poorly on the construct
(factor loading <0.7) were omitted from factor analysis (Ambad and Ag Damit, 2016). Bartlett test of
sphericity was conducted on the remaining matrix to check the level of inter correlation among variables.
The result stood at 36.29 and was significant at P<0.01 suggesting adequacy of the data for factor
analysis. Furthermore, the data were subjected to Kaiser-Meyer-Olkin (KMO) sampling adequacy
measure. A KMO measure of >0.5 is required for the dataset to be suitable for factor analysis (Hansson
and Lagerkvist, 2012). The result of the test (0.82) was significant at P<0.01, indicating further, the
adequacy of the data for factor analysis. Following this, Cronbach’s reliability analysis was conducted
to examine internal reliability of the variables. The mean reliability statistics stood at 0.71 which is
considered adequate because it is above average of 0.70 as opined by (Ambad and Ag Damit 2016). The
data were later subjected to principal component analysis, only factors with eigen value >1 and
accounted for moderate level of total variance in the factors were retained and new scores of the factors
were calculated and used for further analysis (regression).

3. Results
3.1. Descriptive analysis of respondents’ characteristics

The results of the descriptive statistics of respondents is shown in Table 1. As shown in the
table, the average age of respondents stood at 23.4 years, with about half of the respondents between the
age range of 21-24 years. The majority of the respondents were females. About 36% of them have not

been involved in any form of enterprise before. Over two-third of them did not intend to study agriculture
in the university.

673



YYU J AGR SCI 29 (4): 669-676
Adeyonu et al.. / Factors Influencing Entrepreneurial Intentions of Undergraduate Agricultural Students in Nigeria

Table 1: Results of descriptive analysis of respondents’ characteristics

Variable Frequency Percent
(n=347)

Age (years):

<21 61 17.58

21-24 174 50.14

25-28 95 27.38

>28 17 4.90

Mean:  23.38

Standard deviation: 2.7651

Sex:

Female 184 53.03

Male 163 46.97

Self-employment status:

No 222 63.98

Yes 125 36.02

Intended course of study:

Agriculture 115 33.14

Non- Agriculture 232 66.86

3.2. Factors influencing entrepreneurial intentions

The results of the multiple regression on factors influencing Els is presented in Table 2. The R?
values for personal attitude, subjective norms, behavioural support, educational support and societal
support were 0.237%, 0.137%, 0.105%, 0.131% and 0.103% respectively. The coefficient of personal
attitude (0.487) was found to be statististically significant and positive at 1% level of significance. The
estimated coefficient of subjective norms (0.370) was found to be statistically significant and positive
at 1% level of significance. Finally, the coefficient of educational support (0.177) was also found to be
statisticaly significant and positive at 1% level of significance. Students’ personal attitude had the
greatest influence on respondents’ Els.

Table 2: Regression results of the factors influencing entrepreneurial intentions

Independent variable Coefficient Std. Error t value R? adj. R?
Personal attitude 0.487*** 0.047 10.361 0.237 0.235
Subjective norms 0.370%*** 0.050 7.402 0.137 0.135
Behavioural support 0.071 0.054 1.322 0.105 0.102
Educational support 0.177%%* 0.053 3.332 0.131 0.128
Societal support -0.030 0.054 -0.550 0.103 0.102

Dependent variable: Entrepreneurial intentions, *** represent 1% level of significance

4. Discussion and Conclusion

The mean age of the respondents is understandable because the minimum age of admission into
most Nigeria Universities is 16 years, while a first degree in Agriculture is for a minimum of five years.
It should be noted that the responents were in the final year of their undergradaute study. This indicates
that a majority of the respondents were still in their youthful ages with a high level of potentials to
contribute to the development of agricultural sector in the country. Surprisingly, the majority of the
respondents were females. Agricultural practices in the country is belived to be tediuos with associated
drudgery, which should make it not attractive to female gender. However, a lot of current policies to
make agriculture a business may be responsible for more female students studying agriculture. The result
contrawise that of (Fadipe et al., 2014), who posited that there were more male students in the faculty
of agriculture in Nigeria Universities. A high proportion of the respondents were involved in at least
one type of agribusiness. This is expected to stimilate their agribusiness intentions upon garduation.
Over two-third of them did not intend to study agriculture in the university. Most undergraduate
admission seekers do change their courses of choice to another less competitive courses including
agriculture, after they must have failed to secure admission for the courses they intend to study. This
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implies that the majority of the respondents did not have positive attitude towards agriculture as a means
of livelihood.

The R? values obtained from the multiple regression analyis of factors influencing Els are low.
The implication is that only about 24%, 14%, 11%, 13% and 10% of the variation in Els was explained
by each of personal attitude, subjective norms, behavioural support, educational support and societal
support respectively. Given that the R? can at most be 1, the observed values of R? suggest that the
independent variables have weak explanatory power. This is however not uncommon in this type of
study that deals with human beings and with cross sectional data. There is direct association between
personal attitude and Els. Thus, we fail to reject Hypothesis 1. This implies that the greater the students’
attitude towards entrepreneurship, the higher their Els. The findings corroborate the submissions of
(Passaro et al., 2018; Fragaoso et al., 2019; Esfandiar et al., 2019). The positive correlation between
subjective norms and Els resulted into our failure to reject hypothesis 2. The meaning is that, perceived
moral and financial support from family and friends will motivate students’ intentions to become
entrepreneurs. The findings concur with those of (Zapkau et al., 2015; Ridha and Wahyu, 2016).
However, the results contrariwise that of (Leonidas et al. 2013). Positive significant association exists
between perceived educational support and students’ Els. Therefore, we fail to reject hypothesis 4. The
implication is that the higher the perceived educational support received by the respondents, the higher
their Els. The results concur with the findings of (Zapkau et al., 2015; Al-Shammari, 2018).

In conclusion, this study analysed the factors influencing entrepreneurial intentions of
undergraduate agricultural students in Nigeria. The results showed that the main factors influencing Els
of respondents are personal attitude, perceived subjective norms and perceived educational support.
While personal attitude had the highest influence, perceived educational support had the least influence.
This study is an eye opener to stakeholders in the educational sector. First and foremost, policy that will
stimulate students’ interest in agriculture should be put in place. Hitherto, agriculture in the country are
in the hands of aged farmers with no or low level of formal education. Also, parents and guardians
should encourage their wards to study agriculture in the university and be willing to support as many of
them that may want to be employer of labour in agribusiness. Finally, universities should continue to
offer entrepreneurship courses to students while it continued to motivate students to be self —reliant upon
graduation rather than seeking white-collar job that is not readily available.
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Abstract: Multiple influential points adversely affect parameter estimation in
binary logistic regression models and lead to misinterpretation of results. An
influential point is a data point that does not follow the overall slope of remaining
data and has extreme value in terms of x. Since the presence of approximately
10% of influential points in a dataset affects parameter estimates, detection and
diagnosis of these points greatly matter. Graphical (such as scatter graph and box
graph) and analytical methods are adopted in the detection and diagnosis of
multiple influential points. Among the commonly used diagnostic methods are
Pearson residuals, Standardized Pearson Residuals (SPR), Cook Distance (CD),
Hat matrix, DFFITS, and DFBETA. However, these methods mask problems and
fail to diagnose if there are multiple influential points. Many statisticians have
developed and proposed new diagnostic methods, such as Generalized
Standardized Pearson Residual (GSPR) and Generalized Weights (GW), to
overcome this problem. This study exploited a dataset containing multiple
influential points (15%) for weaning weight (WW), yearling weight (YW), fleece
weight (FW), and fertility rate (FR) of Romney ewes and modelled the effects of
WW, TW and FW variables on FR by binary logistic regression model. This
study is intended to determine the multiple influential points by graphical
methods and to examine the performance of commonly used and newly developed
methods in the diagnosis of these data points. As a result, it was observed that the
commonly used methods mask multiple influential points and the new proposed
methods competently identify these points.
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Oz: Coklu etkili gozlem noktalart ikili lojistik regresyon modellerinde parametre
tahminlerini olumsuz ydnde etkilemekte ve sonuglarin yanlis yorumlanmasina
sebep olmaktadir. Bir etkili gdzlem noktasi verilerin geri kalanmin genel egimini
takip etmeyen ve x bakimindan asir1 degere sahip olan bir veri noktasidir. Veri
seti i¢inde yaklasik % 10 ve {izerinde etkili gdzlem noktasinin bulunmasi
parametre tahminlerini etkiledigi icin bu noktalarin tespit ve teshisi oldukca
onemlidir. Coklu etkili gdzlem noktalarinin tespit ve teshisinde grafiksel (sagilim
grafigi ve kutu grafigi gibi) ve analitik yontemler kullanilmaktadir. En yaygin
kullanilan teshis yontemleri Pearson Artiklar, Student Tirii Artiklar, Sapka
Matrisi, Cook Uzakligi, DFFITS, DFBETA vb. yontemlerdir. Ancak bu
yontemler ¢oklu etkili gdzlem noktalarinin olmasi durumunda maskeleme
problemleri ile karsilagmakta ve teshiste basarisiz olmaktadir. Bir ¢ok istatistik¢i
bu problemle bagedebilmek igin Genellestirilmis Standartlandirilmis Pearson
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Betadaki Genellestirilmig Artig1 (GSPA), Genellestirilmis Agirliklar (GA) gibi yeni yontemler gelistirmis

Kare Farki (GSDFBETA) ve 6nermistir. Bu ¢alismada, Romney 1rki koyunlardan elde edilen siitten kesim
agirhgr (SKA), Bir yas canli agirhigi (BYCA), yapagr agirhign (YA) ve
dogurganlik oran1 (DO) degiskenlerine ait iginde g¢oklu etkili gézlem noktasi
(%15) bulunan veri seti ile ¢alisilmis ve DO iizerine SKA, BYCA ve YA
degiskenlerinin etkisi ikili lojistik regresyon modeli ile modellenmistir.
Caligmanin amaci ¢oklu etkili gozlem noktalarini grafiksel yontemlerle tespit edip
yaygin olarak kullanilan ve yeni gelistirilmis yontemlerin bu veri noktalariin
teshisindeki performanlarini incelemektir. Calismanin sonucunda yaygin olarak
kullanilan yontemlerin ¢oklu etkili gézlem noktalarini maskeledigi ancak yeni
onerilen yontemlerin bu noktalar1 basarili sekilde teshis ettigi gozlenmistir.

1. Introduction

The Binary Logistic Regression (BLR) model has been commonly used in the analysis of the
functional relationship between an outcome variable and predictor variable(s) in animal breeding for
many years and studied by a great number of researchers in recent years (Eyduran et al., 2005; Gaskins
et al., 2005; Korkmaz et al., 2012; Aktas and Dogan, 2014; Yakubu et al., 2014; Aktas et al., 2015;
Takma et al., 2016; Erding et al., 2017; Baeza-Rodriguez et al., 2018; Gebre et al., 2018). The most
important difference of BLR from the general linear regression model is that the outcome variable
refers to binary outcome which is assigned 0 or 1. Therefore, the error variance becomes nonconstant
and the error term exhibits logistic distribution. BLR assumes that the sample size is adequate and a
high correlation among the predictor variables does not exist and lastly there should be no outlier
and/or influential point in the dataset (Hilbe, 2009). An unknown parameter in BLR is estimated by
using maximum likelihood (ML), but it is well known that ML can be severely affected in the
presence of outliers. The outliers are named differently according to their position on the X and Y
axis. For example, both outliers and influential points are measurements that do not fit in the trend
shown by the rest of the data. Hence, these two concepts should not be mistaken for each other. To
specify, an outlier is an unusual observation whose outcome y does not follow the general slope of the
rest of the data, whereas the influential point is a data point that does not follow the general slope of
the rest of the data and has an extreme predictor x value. Parameter estimates obtained in the presence
of influential points, in particular, will cause misinterpretation of the results. Moreover, the binary
outcomes are likely to be misclassified. Hampel et al. (1986) have claimed that if these outliers occur
in about 1-10% of the dataset, it is normal and can be removed from the dataset; however, if there are
more than 10% outliers, it is recommended to use a robust estimator instead of ML estimator (Midi
and Ariffin, 2013). Outliers and influential points often cause problems in the analyses of data in
animal and plant breeding. Some researchers have reported that performance of accuracy estimation in
genomic prediction methods used in genomic selection studies is adversely affected by outliers (Via et
al. 2012; Heslot et al.,, 2013; Estaghvirou et al., 2014). Therefore, the detection of outliers or
influential points is crucial and must be performed before the analysis. Result of a diagnosis refers to a
specific amount that is computed from the data and calculated to determine the influential points
where the influential points can be eliminated or corrected. Thus, such observations need to be
described and their effects on the model and subsequent analysis should be investigated (Nurunnabi et
al., 2010). In recent years, diagnostic and detection have become an almost indispensable part of BLR
and a great many statisticians have studied diagnostic and detection methods of outliers and/or
influential points. Before Imon and Hadi (2008), the diagnostic methods always relied on the detection
of outlier. However, the subsequent studies have shown that the observation points that cause
significant deviation in parameter estimates are influential points. Since the influential point too is an
outlier, the diagnostic methods before Imon and Hadi (2008) are valid for influential points. However,
the general objective of all the new diagnostic methods including Imon and Hadi (2008) and the
subsequent ones is to detect multiple influential points. Diagnosis of outliers and/or influential points
based on residuals is known as the most common method in BLR (Pregibon, 1981; Jennings, 1986;
Copas, 1988). The most commonly employed diagnostic methods for the identification of outliers in
BLR are Pearson residuals, Standardized Pearson Residuals (SPR), Cook Distance (CD), Hat matrix,
Difference of Fits (DFFITS), Difference in Beta (DFBETA). However, these methods are only able to
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identify single outliers. If the dataset contains multiple outliers/influential points, these methods fail to
identify them because of the masking and swamping problems (Imon and Hadi, 2008; Habshah et al.,
2009; Sanizah et al., 2011). Recently, diagnostic methods have been developed by a great number of
statisticians to overcome these problems (Cook, 1977; Pregibon; 1981, Jennings; 1986, Copas, 1988;
Hadi and Simonoff, 1993; Imon, 2006; Imon and Hadi, 2008; Habshah et al., 2009; Nurunnabi et al.,
2010; Sarkar et al., 2011). The new approaches developed based on a deleted group are Generalized
Standardized Pearson Residual (GSPR), Generalized Weights (GW), Generalized Difference of Fits
(GDFFITS), and Generalized Square Difference in Beta (GSDFBETAS). Studies have shown that
these methods successfully cope with masking and swamping problems in datasets with multiple
influential points. The prediction of genetic parameters and accuracy of breeding values are greatly
important for animal breeding and animal improvement programs. In addition, parameter estimation of
risk factors affecting some economically important traits, such as fertility rate, birth type, the stillbirth
rate, in terms of care and management plays a critical role in the livestock field. Influential points
adversely affect the achievement of parameter estimates of traits. However, to date, their detection in
animal breeding has not yet been evaluated. Therefore, it has become necessary to identify influential
points in the datasets in order to obtain accurate parameter estimates. Accordingly, the aim of this
study is to contribute to these scholarly efforts by introducing various existing diagnostic and detection
methods adopted to identify multiple influential points in a dataset analyzed by using BLR in animal
breeding.

2. Materials and Methods

2.1. Material

Animal materials of this study consisted of 100 Romney ewes raised in New Zealand. Since
the aim of the study was to compare multiple influential points and diagnostic methods, the dataset
was arranged to contain 15% influential points. Of the 100 units of data, 85 were selected from the 300
units of data using the random sampling method, while 15 were the influential points already present
in the dataset. Thus, the dataset with 15% influential point was created. The study was conducted over
this dataset.

2.2. Method

Binary Logistic Regression model was used to determine the influence of weaning weight
(WW), yearling weight (YW) and fleece weight (FW) of the ewes on fertility rate (FR). Binary
variable was coded as 1 (lambed) or 0 (unlambed) in relation to FR. The mathematical model of BLR
was as follows:

Y=r(x)+¢ (D

where Y is an nxl vector of the outcome variable (FR), which is denoted by y=1 or 0 with
probabilities 7 and 1— 7, respectively. & is a nx1 vector of error terms:

l-7  with probability 7 if y=1 5
g =
-z with probability 1-7 if y=0 @
which follows a distribution with mean zero and variance 77 (l — 72') .
71'()6) = E(Y | X) = exp(xrﬂ)/[l + exp(xTﬁ)},O < ﬂ(x) <1 3)

with 8" =(,,,.5,.5,) being the vector parameters, X is an nxk (k= p+1) matrix of predictor
variables (WW, YW, and FW) and is non-linear in z (x). Thus, we have to use the logit link function

to transform it into a linear form.
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In the literature, there are many methods of detection and diagnostic of influential points. All
of these methods were developed firstly for general linear regression and then they were suggested for
BLR by Pregibon (1981). They can be divided into two groups: e.g., graphical and analytical methods.
The best-known graphical methods are the scatter, box, and residual plots. However, since the
graphical methods fail to provide reliable information, the analytical methods are preferred, especially
when the number of predictor variables is high. Many analytical methods are proposed in the related
literature. In this study, the most commonly used analytical methods were adopted which were thought
to prove more useful for researchers in animal breeding. The analytical methods are statistical values
computed from the dataset that can be used to identify the presence of influential points. Although the
main tools of the developed analytical methods are residuals, the methods having been developed in
recent years are based on the deletion of suspected observations. In BLR, the primary building blocks
of analytical methods used to identify influential points are residual vector and projection (leverage)
matrix (Pregibon, 1981). According to a similar approach to linear regression (Copas, 1988), the i
residual is defined in BLR as follows:

A

=y, —7%, i=L..,n “)

1

Although residual, also known as raw residual, is very important in detecting ill-fitting,
residuals defined in equation (3) are unscaled. Therefore, it is not applicable to influential points
diagnosis. There are two versions of the scaled residual type commonly used in BLR to eliminate this
problem: Pearson Residuals (PR) and Standardized Pearson Residuals (SPR). PR can be defined as:

v, —n. ]
r, =———=—t—i=1..,n
" A (1= %) (5)

Pearson residual value of an observation is considered a residual outlier if it’s greater than 3
by absolute value (Ahmad et al., 2011). Standardized Pearson Residuals value is obtained by dividing

the raw residuals by the standard error provided by Se( Vi —7%1.) =V (l—hﬁ) , where v, =7, (1-7,)
and h, is the i” diagonal element of the nxn matrix, known as hat matrix,

H = V”ZX(XTVX)il XV I by >{2or 3}%, then this may evidence the presence of influential

points (Friendly and Meyer, 2015). V' is a diagonal matrix with diagonal elements v, (Pregibon,
1981). Hence, the SPR for BLR can be defined as:

Vi~ 7

Iy =—F=—===,i=1,..,n

In BLR, observations with SPRs, which are less than -3 and greater than +3, are considered as
outliers (Midi and Ariffin, 2013). Methods other than the methods of identifying influential
points/outliers using residuals delete suspect observations. The most common diagnostic statistics
adopting observation deletion approach are Cook Distance (CD), Hat matrix (Lev), Difference of Fits
(DFFITS) and Difference in Beta (DFBETA) (Cook, 1977; Belsley et al.,1980; Nurunnabi et al.,
2010). Pregibon (1981) defined CD by using linear regression models for BLR as follows:

reh,
CD =—3"1 _ j=1,..
k()" (7)

If there is an observation with the value of CD, >1, it is regarded as an influential point.

Another influential point determination measure similar to CD is DFFITS value suggested by Welsch
(1982). DFFITS is defined in terms of SPR and Lev values in BLR as follows:
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DFFITS, =7y, |-—— =1...,n (8)

An influential point has DFFITS > 2 or 3\/k/n—k .

Although the abovementioned methods often provide effective results in determining
influential points, they are effective if there is only one single influential point in the dataset. If there
are multiple influential points in the dataset, these methods are ineffective. In the case of multiple
influential points, they cause masking and swamping problems (Imon and Hadi, 2008). Therefore, new
approaches are needed to prevent these problems from occurring. The proposed approaches based on a
deleted group in the BLR are Generalized Standardized Pearson Residual (GSPR), Generalized
Difference of Fits (GDFFITS), and Generalized Square Difference in Beta (GSDFBETAS) (Imon and
Hadi, 2008; Nurunnabi et al., 2010; Nurunnabi and Nasser, 2011). These methods have been obtained
by generalizing the existing methods and are based on deletion of the suspected group from the dataset
(Hadi and Simonoff, 1993). Before using these methods, the dataset is examined using scatter plot and
possible influential points are identified. Then, the d-dimensional observations, which are considered
influential points in the n-dimensional dataset, are deleted before the fitting of the model. R and D,
respectively, represent the set of situations of the “remaining” and “deleted” observations. The
parameters of the model with the remaining set are estimated by using ML. Statistical values of the
proposed methods were obtained with estimated parameters. Thus, the probability values determined
according to the R set are defined as:

A(-D) _ ex”(xﬁ(_m) -
e _1+exp(x;,3A(_D)) ATkt ®

In this case, after the ith observation is deletion, the residuals are defined as follows:

éi(iD) =) _7%'(7[))

i

=10 (10)

The variance and leverage values of the observation set in question are computed by the
following equations:

W =20 (1-70) (11
W =i (1= )] (XX, x (12)

The proposed GSPR value is obtained by following equations using equations 9, 10, 11, and
12 (Nurunnabi and West, 2012).

y —#D)
R ,forieR
N (S
el R (13)
Ji 7 JdforieD
)

An observation is described as an influential point when its corresponding GSPR value of any
observation is 3 points greater than the absolute value. The GDFFITS method suggested by Nurunnabi
et al. (2010) is defined in (14) using (13):
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GDFFITS = r ™" \Jh ™) (14)

%for ieR
where, 1P = #8)
> ii h
LR),for ieD
1+ hii(R)

If the GDFFITS value corresponding to the ith observation is |GDFFIT S,-| >2or 3,2 *l , it

n—
means that the observation is the influential point (Nurunnabi et al., 2010). Another proposed method
for diagnostic of the influential point is GSDFBETA method, suggested by Nurunnabi and Nasser

(2011). The GSDFBETA is defined as:

GSDFBETA = (15)

v
—”(m,forieD
1+hii(R)

(3 erl/n—a’)2

1-[3p/n—-d] ’
To detect influential points, the dataset was analyzed with Maximum Likelihood (ML) and

then the diagnostic and detection methods were analyzed. R version 3.5.1 (R Development Core Team
2018) software was used for both analysis and detection.

If |GSDFBE T. Al.| > i™ observation is considered as influential point.

3. Results

Descriptive statistics and histogram graphs of the predictor variables used in the study are
given in Figure 1. Histogram graphs in Figure 1 show that the distributions of the predictor variables
are skewed, and outliers have an effect on the dataset.

Data Frame Summary

Dimensions: 100 x 3
Duplicates: 3

Mo Variable Stats f Values Freqs (26 of Valid) Graph Valid Missing

Mean (sd) : 25.5 (8.4)
WA min = med = max: L. 100 (s}
1 a 40 distinct values
[Nnumeric] 15 = 25 <= 51.3 (100%a) (0%6)

IQR (CV) : 10 (0.3)

Mean (sd) : 2.9 (1.3)
YN min = med = max: .. 100 o
2 . 44 distinct values
[Numeric] 2.5 = 3.7 = 9.8 (1 00%a6) (0%6)

IQR (CV) : 0.8 (0.3)

Mean (sd) : 27.5 (12.2)
W min < med < max: 100 0]

3 i 47 distinct values
[Nnumeric] 13 = 23 = 69 (1003%a8) (0%6)

IQR (CV) : 11.2 (0.4)
Generated by summarytools 0.9.4 (R version 3.5.1)

Figure 1. Descriptive statistics and histogram graphs of the predictor variables
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The most common graphical methods used to determine whether there are outliers in the
dataset before analysis are scatter plot and box plot. The scatter plots of FR against WW, YW and FW
is shown in Figures 2 and 3. The plots evidence the presence of suspicious observations (between
Observations 85 and 100) that can be regarded as multiple influential points.

® Did not lamb
® Lambed

o
>

Figure 2. Scatter plot of Fertility Rate against Weaning Weight, Yearling Weight and Fleece Weight.
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Figure 3. Scatter plots of FR on two predictors.

The box plots of each predictor are given in Figure 4. It shows that many observation points
can be outliers, as in Figures 2 and 3.
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Figure 4. Box plots of WW, YW and FW

The plots of FR against WW, YW, and FW clearly present that the observations between 85
and 100 may severely distort the covariate pattern. However, scatter plots and box plots alone are
incompetent at the diagnosis of suspicious observations. For this reason, we need analytical methods
to determine the extent of the influence of suspicious observations determined by graphical methods.
Until the development of new approaches, diagnostic methods (CD, PR, SPR and DFFITS) worked
functionally in the presence of a single outlier, whereas they were inadequate when multiple influential
points were observed. Table 1 shows the CD, PR, SPR, and DFFITS results of suspicious observations
graphically detected in Figures 2, 3, and 4. Table 1 reveals that the degree of other suspected
observations’ effects on the dataset except for the 99" observation value in PR and SPR is below the
cut-off limit and the most commonly used one of these diagnostics fail to determine the influential
points. It seems that CD (using 1 as the cut-off value) and DFFITS (using 0.613 as the cut-off value)
fail to determine any influential points in the dataset, whereas PR (using 3 as the cut-off value) and
SPR (using 3 as the cut-off value) can correctly determine only the 99 observation as influential
point. The index plot in Figure 5 shows that PR and SPR can correctly and clearly determine the
influential point compared to CD and DFFITS. This is due to the masking problem of these methods
when there are multiple influential points. The use of these methods may mislead researchers and
continuing the analysis without removing suspicious observation points may lead to misinterpretation
of parameter estimates.

Table 1. Results of Cook Distance, Pearson Residuals (PR), Standardized Pearson Residuals (SPR)
and Difference of Fits (DFFITS),

Number of  CD PR SPR  DFFITS Number of CD PR SPR  DFFITS
Observation  (1.00) (3.000  (3.00)  (0.613) Observation  (1.00) (3.000  (3.00)  (0.613)
1 0.000 0.224 0228  -0.057 . . . . .
2 0.005 0.939 0950  -0.164 86 0.004 0.318 0.339 -0.166
3 0.003 0.471 0485  -0.147 87 0.000 0.069 0.069 -0.013
4 0.001 0.277 0282  -0.072 88 0.012 0.445 0.487 -0.276
5 0.001 0.267 0272 -0.070 89 0.000 0.098 0.099 -0.017
6 0.005 1.006 1.016  -0.159 90 0.007 0.442 0.468 -0.207
7 0.002 0.375 0383  -0.104 91 0.052 0.876 0.968 -0.525
8 0.005 0.741 0754  -0.173 92 0.000 0.028 0.028 -0.002
9 0.015 1.118 1143 -0.262 93 0.034 1.190 1.241 -0.391
10 0.013 1.154 1175 -0.243 94 0.035 0.738 0.813 -0.447
11 0.006 0.709 0725  -0.189 95 0.000 0.094 0.095 -0.019
12 0.011 1.190 1208  -0.222 96 0.000 0.136 0.138 -0.032
13 0.003 0.471 0485  -0.147 97 0.062 1.857 1.919 -0.442
14 0.001 0.277 0282  -0.072 98 0.048 2.191 2.233 -0.358
15 0.001 0.267 0272 -0.070 99 0.090 3.446 3.496 -0.379
100 0.012 1.185 1.203 -0.229
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Figure 5. Index plots of CD, PR, SPR, and DFFITS for dataset

The results of GSPR, GSDFFITS, and GSDFBETA methods proposed as new approaches in
this study are available in Table 2. It is clear from the table that the GSPR, GSDFFITS, and
GSDFBETA values for the suspected observations were much larger than the others and all exceeded
the cut-off values of 3.00, 0.651, and 0.474, respectively. The advantage of these methods over other
methods is that they are robust to the masking problem. Similar conclusions may be drawn from the
index plots of GSPR, GSDFFITS, and GSDFBETA as presented in Figure 6. All these 15 suspected
observations are separated from the other data and correctly determined as influential points.

Table 2. Results of GSPR, GSDFFITS, and GSDFBETA

Number of GSPR GSDFFITS GSDFBETA Number of GSPR GSDFFITS GSDFBETA

Observation (3.00) (0.651) (0.474) Observation (3.00) (0.651) (0.474)
1 0.114 0.016 0.000 . . . .
2 0.738 0.131 0.018 86 4.438 1.816 2.746
3 0.286 0.063 0.004 87 8.291 3.149 8.484
4 0.221 0.045 0.002 88 40.321 2.745 7.502
5 0.225 0.048 0.002 89 3.005 1.702 1.967
6 2.087 0.417 0.181 90 18.583 2.255 5.008
7 0.320 0.074 0.006 91 64.356 2.518 6.332
8 0.384 0.074 0.006 92 2.708 1.906 1.834
9 0.481 0.134 0.019 93 22.520 1.721 2.945
10 0.543 0.143 0.022 94 56.042 2.558 6.528
11 0.403 0.090 0.008 95 13.872 3.222 9.823
12 0.661 0.166 0.029 96 5.690 2.210 4.146
13 0.286 0.063 0.004 97 8.291 1.150 1.297
14 0.221 0.045 0.002 98 8.828 0.960 0.911
15 0.225 0.048 0.002 99 5.335 0.854 0.710
100 5.500 0.904 0.795
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Figure 6. Index plots of GSPR, GSDFFITS, and GSDFBETA for the dataset.

It is crucial for researchers when analyzing data to be able to determine influential points. The
results of the analysis with ML estimator of the dataset with influential points and without influential
points are presented in Table 3. In Table 3 on the results of both datasets, it was observed that FW
variable had no statistically significant contribution to FR (p>0.10), wherecas WW and YW variables
contribute significantly to FR (p<0.05). Furthermore, the coefficients of the dataset without influential
points and the dataset with influential points differ. As a result, researchers can remove observations
that they detect, both graphically and using suggested methods, from the dataset by looking at the size
of the dataset and the percentage of influential points in the dataset.

Table 3. Results of the analysis of the dataset with influential points and without influential points.

Analysis of the dataset with influential points

Coefficients Estimate Std. Error z value p-value
(Intercept) 2.053 1.124 1.826 0.068 .
wWwW 0.025 0.007 3.831 0.000 okk
YW -0.017 0.006 -2.964 0.003 *E
FwW -0.007 0.004 -1.879 0.060
Analysis of the dataset without influential points

Coefficients Estimate Std. Error z value p-value
(Intercept) 4512 2.266 -1.991 0.047 *
wWwW 0.049 0.011 4.519 0.000 ok
YW -0.018 0.008 -2.263 0.024 ok
FwW 0.002 0.006 0.412 0.681

Signif. codes: 0 “**** 0.001 “**’ 0.01 “*> 0.05 <" 0.1 “ 1

4. Discussion and Conclusion

The aim of this study is to comparatively examine the performances of the detection and
diagnostic methods (graphical and analytical methods) used in the presence of multiple influential
points in a dataset where the effect of WW, YW, and FW wvariables on FR is modeled.
Outlier/influential points occur in almost all research studies and this type of observations are a
problem in statistical analysis. Therefore, their detection and diagnosis are a crucial issue that needs to
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be addressed before further analysis is performed. Analysis without determining the location and
amount of these observation points adversely affects parameter estimates, particularly data analysis
with outliers/influential points. Results of a breeding program and management strategy plan to be
carried out using the predicted parameters may differ from the expected outcome, which in turn
directly affects the economic situation. Therefore, it is necessary to identify influential points in the
datasets in order to obtain accurate parameter estimates. In this study, four of the most commonly used
methods and three novel methods for the diagnosis of multiple influential points in BLR are
introduced and their performances are comparatively examined. Evaluating the diagnostic methods in
terms of performance shows that the proposed method (GSPR, GSDFFITS, and GSDFBETA) is
highly competent at determining multiple influential points in the case of failure of the existing
commonly used diagnostic methods (CD, PR, SPR, and DFFITS).
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Oz: Arastrmanin amaci, Hatay biberi (Capsicum annuum L.) koy
popiilasyonlarinda bitki, ¢igek ve meyve Ozellikleri belirlenerek mevcut
varyasyonun ortaya cikarilmasidir. Caligmada Hatay’da 16 mahallede c¢iftgiler
tarafindan yetistirilen biber popiilasyonlarinda bitki, ¢igcek ve meyve ozellikleri
incelenmistir. Incelenen popiilasyonlarda bitki biiyiime modeli, govde ve yaprak
tiyluliigl, govde rengi, govde sekli, yaprak rengi ve sekli, koltuktaki ¢icek
say1s1, tag yaprak rengi, meyve sapi ile ¢anak yapragin birlestigi yerde bogum
olusumu ve meyvede kopma tabakasi bakimindan degisim olmadig:
belirlenmistir. Incelenen diger bitki ve meyve ozellikleri agisindan ise
popiilasyonlarda varyasyon bulundugu tespit edilmistir. Caligma sonucunda
Hatay biberi popiilasyonlarinin, aralarinda benzerlik ve farklilik olmakla birlikte
genel olarak Arsuz, Antakya-Yayladagi-Altin6zii ve Samandag olmak tizere ii¢
gruba ayrilabilecegi ortaya ¢ikmaktadir. Arsuz grubu popiilasyonlarinda genel
olarak meyve sekli uzun, ¢igek ucu sekli agirlikli olarak sivri, meyve az aci
olarak belirlenmistir. Antakya-Yayladagi-Altindzii grubu; meyve sekli genelde
uzun olmakla birlikte konik ve tombul meyveleri bulunan, ¢icek ucu seklinin
kubbe, sivri ve ¢ukur, suda ¢oziiniir kuru madde igerigi diger gruplara gore
genel olarak daha yiiksek ve aciligin ¢ok diisiikk oldugu popiilasyonlar
bulunmakla birlikte Arsuz grubuna gore daha ac1 meyvelere sahip olan bir
gruptur. Samandag biberinde ise varyasyonun diger gruplardan diisiik, genel
olarak meyve seklinin uzun, ¢igcek ucu seklinin sivri ve aciligin diger gruplara
kiyasla oldukga yiiksek oldugu belirlenmistir.
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Abstract: The aim of the research is to reveal the variation by determining of
plants, flowers and fruits characteristics of Hatay local pepper (Capsicum annuum
L.) populations. In the study, the characteristics of plants, flowers and fruits were
examined in pepper populations grown by farmers in 16 locations in Hatay. It was
determined that there was no variation in the populations examined with respect
to plant growth habit, stem and leaf pubescence, stem color, stem shape, leaf color
and shape, number of flowers per axil, corolla color, calyx annular constriction
and fruit persistence. However, in terms of other plant and fruit characteristics
examined, variation was found in the populations. As a result of the study, Hatay
pepper populations can be divided into three groups as Arsuz, Antakya-
Yayladagi-Altindzii and Samandag in general although there are similarities and
differences between the groups. In the Arsuz group populations, generally the
fruit shape is elongate, fruit shape at blossom end is mostly pointed and ripe fruit
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pungency is low. In the Antakya-Yayladagi-Altindzii group, the fruit shape is
generally elongate, triangular or blocky, fruit shape at blossom end is blunt,
pointed or sunken, soluble solids content is generally greater than the other groups
and ripe fruit pungency is higher than Arsuz group. In the case of Samandag
pepper, the variation is lower than the other groups, in general the fruit shape is
elongate, fruit shape at blossom end is pointed, and ripe fruit pungency is higher
than the other groups.

*Calisma, Prof. Dr. Sebahattin CURUK damismanliginda yiiriitilen Gonca ONTURK'iin 2018 yilinda
tamamlanan yiiksek lisans tezinden tiretilmistir.

1. Giris

Kiiltiire alinan 5 biber tiirlinden en yaygin olan Capsicum annuum’un anavataninin Orta ve
Giliney Amerika (Hancock, 1992) oldugu bilinmektedir. Keles ve ark. (2016)’nin bildirdigine gore
Andrews (1999), biberin Antakya {izerinden Anadolu’ya girdigini belirtmektedir. Tirkiye, 2012-2016
verilerine gore yillik 2 195 872 tonluk iiretimiyle Diinya biber iiretici iilkeleri arasinda Cin ve
Meksika’dan sonra 3. sirada yer almaktadir (FAO, 2017). Akdeniz Boélgesinin bu yillardaki ortalama
biber iretimi 787 756 tondur. Tiirkiye’de en ¢ok (% 35.17) biber iireten bolge olan Akdeniz
Bolgesi’nde 3. sirada bulunan Hatay, 62 810 ton biber iiretmektedir. Bu tiretimin % 62.74’lini
salcalik, % 31.32’sini sivri biber ve % 5.94’iinii dolmalik biber olusturmaktadir. 2013-2016 yillan
ortalama verilerine gore Hatay’da en ¢ok biber iiretimi sirasiyla Antakya, Samandag, Arsuz, Altindzii
ve Yayladag ilgelerinde yapilmaktadir (TUIK, 2017).

Cesitli yemek, meze, salga, tursu, sos, kozlenmis biber konservesi, toz ve pul biber gibi
iiriinlerin yapiminda kullanilan biber, A ve C vitaminleri yoniinden olduk¢a zengin, -karoten degeri
de yiiksek bir sebzedir. Biber ayni1 zamanda demir, magnezyum, mangan, fosfor, bakir ve potasyum
gibi minerallerin iyi bir kaynagidir. Acilik Capsicum’un 6zgilin bir 6zelligi olmakla birlikte, biitiin
Capsicum tiirleri ac1 degildir (Liu ve ark., 2013). Biberde aciligin olugmasini saglayan bilesikler
kapsaisinoidler olup, bunlarin en yaygini kapsaisindir. Kapsaisinoid bilesiklerinin bitki dokularindaki
toplam degeri degisiklik gostermekle birlikte kapsaisin ve dihidrokapsaisin oranlari, C. annuum
tirinde % 77-90, C. frutescens tirinde ise % 89-98 arasinda degiskenlik gostermektedir
(Govindarajan ve ark. (1987)’dan islek, 2009). Dolayisiyla bu iki kapsaisinoid biberde analiz edilerek,
acilik biiyiik oranda belirlenebilir.

Ulkemizde, genetik kaynaklarin toplanmasi, karakterizasyonu ve muhafazasi ile ilgili ilk
calismalarin yabanci arastirmacilar tarafindan yapildigi, bazi arastirmacilarin 1930°’lu ve 1940°h
yillarda Tiirkiye’nin bir¢ok bolgesinde siirvey ¢alismalar1 yaparak mevcut yerel sebze tohumlarimizi
ABD’ye gotiirdiikleri bildirilmistir (Karaaga¢ ve Balkaya, 2017). Tiirkiye’de Bitki Arastirma ve
Introdiiksiyon Merkezinin kurulmasiyla 1964 yilindan itibaren toplamalarin sistemli bir sekilde
glinimiize kadar devam ettigi belirtilmistir (Aykas ve ark., 2016). En fazla biber, kavun, domates,
bakla ve karpuz tiirlerinde gen kaynagi toplama calismalar1 yapildig: bildirilmistir. Ulkemizde genetik
kaynaklarin toplanmas1 ve karakterizasyonu konusunda c¢ok sayida c¢alisma (Alan, 1984; Duman ve
Diizyaman, 2004; Keles, 2007; Mutlu ve ark., 2009; Bozokalfa ve Esiyok, 2010; Karaaga¢ ve Balkaya,
2010; Binbir ve Bas, 2010; Baysal, 2013; Ciiriik ve ark., 2015) yapilmistir. Ayrica, Diinyada benzer
caligmalarin (Costa ve ark., 2015; Heinrich ve ark., 2015; Silva ve ark., 2015; Ulhoa ve ark., 2017)
gergeklestirilmesine devam edildigi gortilmektedir.

Tiirkiye’nin kendine has cografi konumu ve ¢esitli iklim kusaginda olmasi nedeniyle, cografi
isarete konu olabilecek ¢ok cesitli lirlinlere sahip oldugu bilinmektedir. Bu iriinlerin cografi isaret
korumastyla, iireticilere koruma sagladigi, pazarlama olanaklarini arttirdigi ve ekonomik getiri
saglayarak kirsal kalkinmay1 destekledigi seklinde avantajlarinin bulundugu belirtilmistir (Gokovali,
2007). Ulkemizde belirli yorelere ait olan bazi sebze gesitlerinin, yerel yonetimin destegi ile cografi
isaret tescili aldig bildirilmistir. Tiirk Patent Enstitiisii tarafindan cografi isaret tescili verilen {iriinler
arasinda Marag Biberi, Sanliurfa Biberi ve Denizli Kale Biberi oldugu belirtilmistir (Karaagag ve
Balkaya, 2017). Hatay’in O6zellikle Antakya, Altindzii, Yayladagi, Arsuz ve Samandag ilgelerinde
yetistirilen Hatay biberi popiilasyonlari, cografi isaret tesciline konu olabilecek potansiyele sahiptir
(Curik ve ark.,, 2015). Ancak literatiirde, bu biberin 06zellikleri hakkinda yeterli bilgiye
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rastlanmamaktadir. Bu ¢alismada, Hatay ydresel biberi kdy popiilasyonlarinda bitki, ¢igek ve meyve
Ozellikleri belirlenerek mevcut varyasyonun ortaya ¢ikarilmasi amaglanmaistir.

2. Materyal ve Yontem

Hatay biberi {iretimi istatistiklerine gore, yetistiricilikte One c¢ikan Arsuz ilgesinin
Yukarikepirce, Madenli ve Uggiilliikk, Antakya’ya bagli Demirkdprii, Apaydin, Bohsin ve Avsuyu,
Altindzii ilgesinin Hacipasa, Yarseli, Yolagzi, Kiyigéren ve Boynuyogun, Yayladagi ilgesinin Cabala,
Asagipulluyaz1 ve Giivegci ile Samandag’in Yesilada mahallesinde, farkli gift¢ilerin yetistirdigi biber
bahgelerinden toplam 16 biber kdy popiilasyonunun bitki ve meyve Ornekleri materyal olarak
kullanilmugtir.

Bu galisma, 2016-2017 yillar1 arasinda yukarda belirtilen biber yetistirme alanlarinda ve Hatay
Mustafa Kemal Universitesi Ziraat Fakiiltesi, Bahge Bitkileri Béliimiine ait laboratuvarlarda
ylriitiilmiistiir. Hatay biberi kdy popiilasyonlarimin tohum iiretimi, fide yetistiriciligi ve dikimi,
giibrelenmesi ile bakim islemleri ¢iftgiler tarafindan yapilmistir. Belirlenen giftcilerin ziyareti fide
iiretimi, dikimi ve bakim islemleri doneminde (Ocak-Nisan 2016) gerceklestirilmistir. Her ¢iftci kendi
yetistiricilik yontemini uygulamis olup, yetistiricilik yapilan yerin cografi konumu, toprak yapisi ve
iklim degerleri, yetistirme teknigi (fide yetistiriciligi, dikim, glibreleme, sulama, bakim islemleri vb.)
bakimindan, biber ilretim alanlar1 arasinda farkliliklar bulunmaktadir. Ciftgiler, bir onceki yil
yetistiricilik yaptiklar1 alanda en ¢ok begendikleri bitki veya meyvelerden tohumluk almaktadirlar.
Ciftcilerin geneli tohumdan fide iiretimi doneminde, topraga yanmis ¢iftlik gilibresini karistirip
kullanmaktadir. Tohum ekimi, plastik tiinellerde g¢iftlik giibresi karigtirllmis toprak veya viyollere
doldurulmus torf kullanilarak subat aymin ilk iki haftasinda yapilmaktadir. Dikim islemi Oncesi,
genelde 20-25 kg da™! taban giibresi (20-20-20 veya 15-15-15) uygulamasi yapilarak, toprak yiizeysel
isleme aletleriyle islenmektedir. Mart aymin son haftasi veya nisan ayinin ilk haftasinda fidelerin
araziye dikim islemi yapilmaktadir. Fideler, dikim yapilacagi zaman, fidelikten sokiiliip fidelerin
ciplak kokleri, koklendirici veya bazi fungusit ilaglart ile hazirlanmis ¢ozeltilere batirilarak veya higbir
uygulama yapilmadan 70 cm sira arasi, 20-25 cm sira tzeri olacak sekilde arazideki yerlerine
dikilmektedir. Ust giibreleme olarak, genelde 25-30 kg da' Amonyum siilfat giibresi uygulanmaktadir.
Sulama, genelde karik sulama seklinde yapilmaktadir. Ancak damla sulama ile sulama yapan ciftgiler
de vardir.

2.1. incelenen 6zellikler ve verilerin degerlendirilmesi

Popiilasyonlarin incelenmesi amaciyla gergeklestirilen bitki ve ¢icek gozlemleri i¢in materyal
kisminda verilen mahallelerde belirlenen her biber bahgesinin 3 farkli yerinden isaretlenen, kokbogazi
yaniklig1 (Arpaci ve ark., 2016) ve viriis hastalik belirtisi géstermeyen, tizerinde yesil ve kirmizi olum
doneminde meyveleri bulunan toplam 21 bitki (3x7) kullanilmistir. Isaretlenen bitkiler kullamilarak;
bitki biiyiime modeli (3: yatik, 5: kompakt, 7: dik, 9: diger), govde tiiyliiliigi (0: tiiysiiz, 3: az tiyli, 5:
orta derecede tiiylii, 7: ¢ok tiiylii), govde rengi (1: yesil, 3: mor ¢izgili yesil, 5: mor), gévde sekli (1:
silindirik, 2: iiggen, 3: diiz), bogum rengine bagl olarak bitkide antosiyanin olusumu (1: yesil, 3: agik
mor, 5: mor, 7: koyu mor), yaprak rengi (1: sar1, 2: agik yesil, 3: yesil, 4: koyu yesil, 5: agik mor, 6:
mor, 7: karisik), yaprak sekli (1: yuvarlak, 2: oval, 3: digli-sivri), yaprak tiylilaga (0: tiysiiz, 3: az
tiyli, 5: orta derecede tiiylii, 7: ¢ok tiiylii), koltuktaki ¢icek sayisi (adet), cicek pozisyonu (3: sarkik, 5:
yar1 dik, 7: dik) ve tac yaprak rengi (1: beyaz, 2: yesil beyaz, 3: eflatun, 4: mavi, 5: menekse, 6: diger
renkler) 6zellikleri incelenmistir (Anonim, 1983; Anonim, 1995).

Incelenen popiilasyonlarin meyve gdzlem ve analizleri, 3 yenileme ve her yenilemede 7
bitkiden alinan kirmizi olum dénemindeki genelde 7 meyvede gerceklestirilmistir. Meyve gozlem ve
analizleri kapsaminda popiilasyonlarin; meyve sapi ile ¢anak yapragin birlestigi yerde bogum olusumu
(0: yok, 1: var), meyve sapinin meyveye baglanma sekli (1: dar, 3: kiit, 5: diiz, 7: yiirek seklinde, 9:
loplu), meyve tabaninda boyun olusumu (0: yok, 1: var), ¢canak yaprak kenar sekli (3: diizgiin, 5: orta
disli, 7: disli), meyvenin ¢icek ucu sekli (3: sivri, 5: kubbe, 7: gukur), meyve sekli (1: uzun, 2: oval, 3:
yuvarlak, 4: konik, 5: ¢an seklinde, 6: tombul), meyvede kopma tabakasi (0: meyve sap1 ve ¢anak
yapraklar bitki {izerinde kaliyor, 1: siirekli), meyve uzunlugu (meyve sapi hari¢) (cm) ve genisligi
(mm), meyve sap1 uzunlugu (cm), meyve sapi1 kalinligi (mm), meyve et kalinligi (mm), meyve agirlig
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(g), tohum odacik sayisi (adet), (Anonim, 1983; Anonim, 1995), meyve suyu pH degeri, suda
¢6ziinebilir kuru madde (SCKM) (%), titre edilebilir asitlik (%), meyve kabuk ve et rengi, kapsaisin
(ppm), dihidrokapsaisin (ppm) ve toplam kapsaisin-dihidrokapsaisin igerigi (ppm) gibi 6zellikleri
belirlenmistir. Sikilarak elde edilen meyve suyunun titre edilebilir asit orani, Potansiyometrik yontem
(Sadler, 1994) ile belirlenmis ve sitrik asit cinsinden % olarak hesaplanmistir. SCKM (%), el
refraktometresi (Atago Model ATC-1E) ile tespit edilmistir. Meyvelerin kabuk ve et rengi 6l¢timleri,
C.LE. (International Commission on Illumination) L*a*b*’ye gére Minolta CR-300 Chromometer
renk Glgiim cihazi ile meyvenin orta kisminda; meyve kabugu igin ii¢ taraftan, et rengi i¢in tek taraftan
okuma yapilarak gerceklestirilmis ve Abbott (1999)’a gore degerlendirilmistir.

Kapsaisin ve dihidrokapsaisin analizi icin meyve ektraksiyon drneklerinin hazirlanmasi:
Meyve aciligini belirlemek lizere ekstraksiyon islemi ve kapaisin analizi, HPLC ile Topaloglu
(2010)’na gore gergeklestirilmistir. Calismamizda meyve sapi, plasenta ve tohumlar1 ayrilan meyveler
65°C’ye ayarlanmis etiivde meyve agirligi sabit kalincaya kadar kurutulmustur. Kurutulan 6rnekler
kahve degirmeni (Bosch, MKM 6000, 220-230 V) ile 6giitiilerek toz haline getirilmistir. Ekstraksiyon
icin sodyum asetat ile doyurulmus %95°lik etanol ¢6zeltisi kullanilmistir. 400 mL sodyum asetat ile
doyurulmus %95°lik etanol ¢dzeltisini olusturmak amaciyla; 27.8 g sodyum asetat (Sigma-Aldrich,
25022), 380 mL etanol (Sigma-Aldrich, 34870) ve 10 mL ultra saf su igerisinde ¢ozilmiistiir.
Ogiitiilmiis toz biber érneginden 1 g alinarak 50 mL’lik polipropilen tiiplere (Corning) konulmus ve
lizerine sodyum asetat ile doyurulmus %95’lik etanolden 10 mL eklenmistir. Hazirlanan &rnekler,
sicakligi 60°C’ye ayarlanmis su banyosunda 3 saat bekletilmistir. Ardindan 40 dakika ultrasonik
kiivette degaz edilen 6rnekler, 2 numarali Whatman kagidindan gecirilmistir. Daha sonra 0.45 pm’lik
filtre (Whatman, 1442125) ile ikinci kez siiziilerek cam tiiplere alinmistir.

Kapsaisin ve dihidrokapsaisin standartlarinin hazirlanmasi: Kapsaisin standarti olan N-
Vanillylnonanamide’ten (Dr. Ehrenstorfer, C 17900600) 0.005 g tartilip, 50 mL sodyum asetat ile
doyurulmus %95’lik etanolde ¢oziilerek 100 ppm (ug mL')’lik stok ¢ozeltisi elde edilmistir. Daha
sonra 5, 10, 20, 40 ve 80 ppm’lik standart c¢ozeltileri hazirlanmistir. Dihidrokapsaisin standarti
(Sigma-Aldrich, 03813) kullanilarak, aym1 konsantrasyonlarda dihidrokapsaisin standart ¢ozeltileri de
elde edilmistir. HPLC sisteminde standartlar okutulmus ve kalibrasyon islemi gerceklestirilmistir.

HPLC sistemi icin mobil faz hazirlanmas1 ve HPLC kosullari: 1000 mL mobil faz
olusturmak amaciyla; 302 mL ultra saf su, 484 mL methanol (Merck, 1850807 639), 133 mL 1-4
dioksan (Fisher Scientific, D/4550/PB17), 79 mL asetonitril (Chem-Lab, UN1648) ve 2 mL perklorik
asit (Merck, B1209718) karistirilmistir (Topaloglu, 2010). Hazirlanan mobil faz, ultrasonik kiivette 30
dk bekletilerek degaz islemi yapilmistir. Daha sonra mobil faz HPLC sisteminde (SCL-10A vp, LC-
10AT vp, FCV-10AL vp, DGU-14A, CTU-10AS vp) kullanmilmistir. HPLC sisteminde kullanilan
kolon C-18 (EC 250/4.6 Nucleosil 100-5 C18, Macherey-Nagel) 6zelligindedir. Cihazin firin sicakligt
40°C olarak ayarlanmistir. HPLC sisteminde SPD-M20A (PDA) dedektdrii 280 nm’de kullanilmistir.
Mobil faz akig hizi 1 mL dk' olacak sekilde ayarlanmistir. Yukarida belirtildigi gibi hazirlanan biber
meyve ekstrakti, 20 uL. HPLC 6rnek yuvasina 50 pL’lik siringa ile enjekte edildikten sonra 20-30 dk
kromatogramda 6.8 ila 8.3 dk arasinda olusan pikin alani, kapsaisin standarti kullanildiginda ayni
stirede meydana gelen pikin alani ile mukayese edilerek kapsaisin miktar1 (ppm) HPLC sistemi
tarafindan belirlenmistir. Aym sekilde kromatogramda 8.4 ila 10.2 dk arasinda olusan 6rnek pikin
alan1 ile dihidrokapsaisin standart ¢Ozeltisinin pik alam1 karsilastirilarak — dihidrokapsaisin
konsantrasyonu (ppm) saptanmistir. Her 6rnegin her yenilemesindeki analizi, en az iki paralel olarak
yapilmis ve ortalamas1 alinmistir.

Yukarida belirtildigi gibi belirlenen bitkiler ve kirmizi olum donemindeki meyvelerde
gergeklestirilen Ol¢lim, analiz ve skala degerlerinin maksimum, minimum, ortalama, standart sapma
(standart sapma.s) ve varyasyon katsayis1 Microsoft Excell 2016 programi ile hesaplanmustir.

3. Bulgular
3.1. Hatay biberi koy popiilasyonlarinda bitki ve ¢icek ozellikleri
Hatay’in 5 ilgesinin farkli mahallelerinde incelenen 16 biber popiilasyonunda bazi bitki

Ozellikleri bakimmdan varyasyon olmadigi gozlemlenmistir. Buna gore bitki biiyiime modelinin dik,
govdenin tiiysiiz ve yesil renkli, gévde seklinin silindirik, yapragin yesil renkli, yapragin oval ve
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tiiystiz, koltuktaki ¢igek sayisinin 1 oldugu tespit edilmistir (degerler verilmemistir). Bitki bogumunda
antosiyanin rengi bakimindan, Altin6ézii popiilasyonlari disinda varyasyon oldugu ve antosiyanin
renginin koyu mor veya mor renkte oldugu belirlenmistir (Cizelge 1). Samandag Yesilada
poptlilasyonu bitkilerinin yaklagik % 76’sinda bitki bogumunda antosiyanin olugmadigi, yesil renk
olustugu saptanmistir. Ayrica ¢icek pozisyonu bakimindan genotipler arasinda farklilik gézlenmistir
(Cizelge 1). Cigekler Kiyigdren ve Boynuyogun popiilasyonlarindaki bitkilerde sarkik, her ii¢ cigek
pozisyonu gosteren Hacipasa, Demirkoprii ve Apaydm genotipleri hari¢ diger genotiplerde sarkik veya
yart dik olmustur. Standart sapma ve VK degerlerine gore en yiiksek varyasyon Hacipasa
popiilasyonunda belirlenmis olup sarkik (% 61.91), yar1 dik (% 4.76) ve dik (% 33.33) gigekler
gdzlenmistir.

Cizelge 1. Farkli mahallelerde incelenen popiilasyonlarda antosiyanin olusumu ve ¢icek pozisyonu
ozellikleriyle ilgili veriler

Ilge Mabhalle Bitki Bogumunda Antosiyanin' Cigek Pozisyonu?
Mak/Min  Ort SS VK Mak/Min  Ort SS VK
Antakya Demirkoprii 7/5 5.67 0.97 17.05 7/3 3.86 1.35 35.06
Apaydin 7/5 5.19 0.60 11.59 7/3 4.14 1.20 28.85
Bohsin 7/5 5.86 1.01 17.32 5/3 3.10 044 14.10
Avsuyu 7/5 5.67 0.97 17.05 5/3 3.19 0.60 18.86
Altindzii Hacipasa 7/7 7.00 0.00 0.00 7/3 4.43 1.91 43.18
Yarseli 77 7.00 0.00 0.00 5/3 3.10 044 14.10
Yolagz1 7/7 7.00 0.00 0.00 5/3 3.19 0.60 18.86
Kiyigéren 7/7 7.00 0.00 0.00 3/3 3.00 0.00 0.00
Boynuyogun 7/7 7.00 0.00 0.00 3/3 3.00 0.00 0.00
Arsuz Yukarikepirce 7/5 5.86 1.01 17.32 5/3 3.48 0.87 25.11
Madenli 7/5 5.29 0.72 13.57 5/3 3.19 0.60 18.86
Uggiilliik 7/5 5.29 0.72 13.57 5/3 3.29 0.72 21.83
Yayladagi  Cabala 7/5 6.52 0.87 13.38 5/3 3.48 0.87 25.11
Asagipulluyazi 7/5 6.05 1.02 16.92 5/3 3.76 1.00 26.46
Giivegcei 7/5 6.81 0.60 8.83 5/3 3.38 0.80 23.80
Samandag  Yesilada 5/1 1.76 1.48 84.00 5/3 3.19 0.60 18.86

Mak/Min: Maksimum/Minimum, Ort: Ortalama, SS: Standart sapma, VK: Varyasyon katsayist, !(1: yesil, 3: agik mor, 5: mor, 7: koyu mor),
%(3: sarkik, 5: yar dik, 7: dik)

3.2. Hatay biberi koy popiilasyonlarinda meyve ozellikleri

Incelenen biitiin popiilasyonlardan alinan tiim meyvelerde, meyve sap1 ile ¢anak yaprak
arasinda bogum bulundugu gozlenmistir (Cizelge 2). Meyve sapmmin meyveye baglanma sekli
bakimimdan, en yiiksek varyasyon, Yukarikepirce mahallesinde incelenen genotipte belirlenmis olup
(Cizelge 2), degerlendirmeye alinan 21 meyveden 2’sinin loplu (skala degeri: 9), 3’iiniin yiirek (7),
9’unun diiz (5) ve 7’sinin kiit (3) seklinde meyve sapina baglandigi belirlenmistir. En diisiik ortalama
skala degeri ve varyasyon, meyve sapt baglanma sekli % 95.23 oraninda kiit (3) olan Cabala
popiilasyonunda  saptanmugtir. Incelenen popiilasyonlar arasinda, meyve tabaninda boyun
olusturmayan Hacipasa genotipi hari¢, biitiin popiilasyonlarda séz konusu bu o6zellik bakimindan
varyasyon meydana gelmistir (Cizelge 2). Standart sapmasi en yiiksek olan Cabala ve Kiyigoren
genotiplerinde % 23.81 diizeyinde boyun olusumu tespit edilmistir.

Elde edilen verilere gore, meyve ¢anak yaprak kenar sekli bakimindan en yiiksek standart
sapma ve varyasyon katsayisina sahip olan genotip, Cabala popiilasyonudur (Cizelge 3). Bu genotipte
% 23.81 disli, % 47.62 orta disli ve % 28.57 diizglin ¢anak yaprak sekline sahip meyvelerin oldugu
belirlenmistir. En diisiik varyasyon ise Bohsin ve Madenli mahallelerinden alinan oOrneklerde
belirlenmistir. Bu genotiplerde meyvelerin ¢cogunda c¢anak yaprak sekli orta disli olarak belirlenmis
olmakla birlikte, % 14.28 diizeyinde digli ¢anak yaprak kenar sekli gdzlenmistir.
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Cizelge 2. Incelenen popiilasyonlarda meyve sapi ile ¢anak yaprak arasinda bogum olusumu
(MSCYABO), meyve sapmin meyveye baglanma sekli (MSMBS) ve meyve tabaninda
boyun olusumu (MTBO) 6zellikleriyle ilgili veriler

flge Mahalle MSCYABO!  MSMBS? MTBO?
Ort SS Mak/Min Ort SS VK Mak/Min _ Ort SS
Antakya Demirkoprii 1.00  0.00 5/3 4.71 0.72 15.21 1/0 0.10  0.30
Apaydin 1.00  0.00 5/3 4.33 0.97 2229 1/0 0.05 0.22
Bohsin 1.00  0.00 5/3 4.62 0.80 17.42 1/0 0.10  0.30
Avsuyu 1.00  0.00 573 4.05 1.02 2529 1/0 0.19  0.40
Altindzi Hacipasa 1.00  0.00 573 4.14 1.01 24.48 0/0 0.00  0.00
Yarseli 1.00  0.00 773 4.81 0.87 18.15 1/0 0.10  0.30
Yolagz 1.00  0.00 573 4.24 1.00 2348 1/0 0.05 0.22
Kiyigéren 1.00  0.00 5/3 4.05 1.02 2529 1/0 024 044
Boynuyogun 1.00  0.00 5/3 4.33 0.97 2229 1/0 0.19  0.40
Arsuz Yukarikepirce 1.00  0.00 9/3 5.00 1.90 37.95 1/0 0.10 0.30
Madenli 1.00  0.00 7/3 3.86 1.20  30.99 1/0 0.05 0.22
Uggiilliik 1.00  0.00 5/3 3.29 072 21.83 1/0 0.05 0.22
Yayladag: Cabala 1.00  0.00 5/3 3.10 0.44 14.10 1/0 024 044
Asagipulluyazi 1.00  0.00 7/3 4.62 1.20  26.05 1/0 0.05 0.22
Giivegei 1.00  0.00 7/3 5.00 .10 2191 1/0 0.10  0.30
Samandag Yesilada 1.00  0.00 5/3 4.33 0.97 2229 1/0 0.10  0.30

Mak/Min: Maksimum/Minimum, Ort: Ortalama, SS: Standart sapma, VK: Varyasyon katsayisi, '(0: yok, 1: var ), %(1: dar, 3: kiit, 5: diiz, 7:
yiirek seklinde, 9: loplu), *(0: yok, 1: var)

Cizelge 3. Incelenen popiilasyonlarda ganak yaprak kenar sekli ve meyve gigek ucu sekli dzellikleriyle
ilgili veriler

ilge Mabhalle Canak Yaprak Kenar Sekli! Meyve Cicek Ucu Sekli’
Mak/Min _ Ort SS VK Mak/Min Ort SS VK
Antakya Demirkoprii 7/3 4.52 1.10 23.83 7/3 5.29 1.71 32.30
Apaydin 7/3 491 1.18 24.04 7/3 4.90 1.95 39.69
Bohsin 7/5 5.29 0.72 13.57 7/3 4.52 1.78 39.31
Avsuyu 7/3 5.38 1.20 22.36 7/3 3.95 1.36 34.39
Altin6zii Hacipasa 7/3 5.10 1.18 23.14 7/3 3.57 1.12 31.39
Yarseli 7/3 443 1.12 25.32 7/3 6.62 1.02 15.46
Yolagz 7/3 5.57 1.29 23.11 7/3 5.19 1.89 36.36
Kiyigoren 7/3 5.28 1.15 21.69 7/3 4.71 1.59 33.63
Boynuyogun 7/5 5.57 0.93 16.62 7/3 5.29 1.71 32.30
Arsuz Yukarikepirce 7/3 5.00 1.27 25.30 5/3 3.29 0.72 21.83
Madenli 7/5 5.29 0.72 13.57 7/3 3.57 1.12 31.39
Ucgiilliik 7/3 5.57 1.21 20.12 7/3 3.67 1.15 31.49
Yayladag1 Cabala 7/3 491 1.48 30.18 7/3 4.14 1.49 36.03
Asagipulluyazi 7/3 4.81 1.25 25.99 7/3 4.62 1.50 32.46
Giivegcei 7/3 5.29 1.31 24.77 7/3 4.52 1.78 39.31
Samandag Yesilada 7/5 5.95 1.02 17.20 5/3 3.10 0.44 14.10

Mak/Min: Maksimum/Minimum, Ort: Ortalama, SS: Standart sapma, VK: Varyasyon katsayisi, '(3: diizgiin, 5: orta disli, 7: disli), *(3: sivri,
5: kubbe, 7: ¢ukur)

Meyve ¢igcek ucu sekli bakimindan en yiiksek varyasyon Apaydin, en diisiik ise Yesilada
mabhallesinden alinan orneklerde belirlenmistir (Cizelge 3). Apaydin’dan aliman meyvelerin ¢icek
ucunun sirastyla % 9.52, % 47.62 ve % 42.86 oraninda kubbe, sivri ve ¢ukur seklinde oldugu tespit
edilmistir. Yesilada mahallesindeki popiilasyonda meyvenin ¢icek ucu seklinin, % 95.24 diizeyinde
sivri oldugu saptanmistir. En yiiksek skala degerine sahip Yarseli’den alinan meyvelerin % 85.71’inin
cicek ucu sekli gukur olarak belirlenmistir.

Meyve sekli bakimindan, standart sapmasi ve varyasyon katsayisi en yiiksek genotipler
sirasiyla Yarseli (2.49) ve Bohsin (104.58) olarak belirlenmistir (Cizelge 4). Bohsin’de meyvelerin %
85.71’1 uzun ve % 14.29’u tombul olmustur. Bununla birlikte, Yarseli mahallesinden alinan biber
meyvelerinin incelenmesi sonucu 11’inin uzun, 9’unun tombul ve 1’inin konik biber seklinde oldugu
tespit edilmistir. Yesilada ve Cabala popiilasyonlarinda meyve seklinin uzun oldugu ve varyasyon
gbzlenmedigi belirlenmistir. Ayrica incelenen biitiin popiilasyonlarda meyve sap1 ve ¢anak yapragin
meyve tizerinde kaldig1 (meyve sapi-¢anak yapragin ve meyvenin siirekli oldugu) belirlenmis olup, bu
ozellikte varyasyonun olmadig: saptanmistir (Cizelge 4). Alinan 16 biber popiilasyonu incelendiginde,
ortalama meyve uzunlugunun 13.36 cm (Hacipasa) ila 21.08 cm (Yukarikepirce) arasinda degistigi
goriilmektedir (Cizelge 4). Bu ozellik ile ilgili olarak genotiplere ait standart sapma ve VK
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degerlerinin incelenmesi sonucu, en genis varyasyon Giivecei ve Apaydin popiilasyonlarinda, en
diisiik varyasyon ise Yesilada genotipinde saptanmuistir.

Cizelge 4. Incelenen popiilasyonlarda meyve sekli, meyvede kopma tabakasi (MKT) ve meyve
uzunlugu verileri

Ilge Mahalle Meyve Sekli' MKT? Meyve Uzunlugu (cm)
Mak/Min Ort SS VK Ort SS Mak/Min Ort SS VK
Antakya Demirkoprii 6/1 2.10  2.05 97.70 1.00 0.00 23.80/7.70 1640 3.90 23.77
Apaydin 6/1 1.52 1.36 89.55 1.00 0.00 28.80/10.90 17.72 4.78 26.98
Bohsin 6/1 1.71 1.79 104.58 1.00 0.00 23.30/7.10 17.82 3.54 19.83
Avsuyu 6/1 1.48 1.50 101.88 1.00 0.00 23.60/11.50 17.13 3.19 18.61
Altindzii Hacipaga 4/1 1.29 0.90 70.18 1.00 0.00 17.30/9.60 13.36 1.89 14.16
Yarseli 6/1 3.29 2.49 75.87 1.00 0.00 25.20/11.20 1794 3.62 20.18
Yolagz1 6/1 2.38 2.09 87.57 1.00 0.00 21.30/11.70  16.05 2.85 17.73
Kiyigdren 6/1 1.38 1.24 90.09 1.00 0.00 24.30/11.30 17.77 3.38 19.00
Boynuyogun 6/1 1.38 1.24 90.09 1.00 0.00 27.50/11.70  18.01 4.47 24.84
Arsuz Yukarikepirce 4/1 1.14  0.65 57.28 1.00 0.00 28.40/14.10  21.08 3.58 17.00
Madenli 4/1 1.14  0.65 57.28 1.00 0.00 23.20/13.10 1739 3.21 1844
Uggiilliik 6/1 1.38 1.24 90.09 1.00 0.00 20.10/9.60 1523 3.30 21.69
Yayladagi  Cabala 1/1 1.00 0.00 0.00 1.00 0.00 24.30/1290 1835 3.02 1647
Asagipulluyazi 4/1 1.29 0.90 70.18 1.00 0.00 26.80/12.40 1699 3.73 21.96
Giivegci 6/1 1.95 1.60 81.75 1.00 0.00 28.50/11.50 19.52 5.00 25.62
Samandag  Yesilada 1/1 1.00 0.00 0.00 1.00 0.00 20.20/16.20 1821 1.14 6.29

Mak/Min: Maksimum/Minimum, Ort: Ortalama, SS: Standart sapma, VK: Varyasyon katsayisi, '(1: uzun, 2: oval, 3: yuvarlak, 4: konik, 5:
can seklinde, 6: tombul), %(0: meyve sapi ile ganak yapragin bitki {izerinde kalmasi, 1: siirekli)

Aragtirma kapsaminda degerlendirmeye alinan biber popiilasyonlarinda en genis meyveler
(42.33 ve 42.23 mm) Yarseli ve Gilive¢cci mahallelerinde, en dar (26.64 mm) meyveler Cabala
mahallesinde saptanmistir (Cizelge 5). Genotiplerin meyve genisligi standart sapma ve VK degerlerine
gbre Yarseli, Boynuyogun, Yukarikepirce ve Giivegci genotipinde yiiksek varyasyon, Hacipasa,
Cabala ve Yesilada genotiplerinde ise diisiik varyasyon belirlenmistir. Cizelge 5’te verilen ortalama
degerlere gore incelenen popiilasyonlar arasinda, en uzun (5.75 cm) meyve sap1 Yarseli mahallesinden
ve en kisa (3.45 cm) meyve sapi ise Hacipasa mahallesinden alinan bitkilerde saptanmugtir. Sap
uzunlugunun standart sapma ve VK degerlerine bakildiginda, varyasyonun en az Yesilada genotipinde
ve en fazla Giivecci popiilasyonunda oldugu goriilmektedir. Meyve sap kalinligi dl¢limlerinde ise en
yliksek (7.02 mm) ortalama degerin Yarseli’de, en diisiik (5.18 mm) degerin Yukarikepirce’de oldugu
belirtilmistir (Cizelge 5). Standart sapma ve VK degerlerine gore, meyve sap1 kalinligi bakimindan
varyasyonun Boynuyogun genotipinde en fazla, Hacipasa genotipinde ise en diisiik oldugu
saptanmuistir.

Cizelge 5. Incelenen popiilasyonlarda meyve genisligi, meyve sap uzunlugu ve meyve sap kalinlig
ozellikleriyle ilgili veriler

Tlge Mahalle Meyve Genisligi (mm) Meyve Sap Uzunlugu (cm) Meyve Sap Kalinligi (mm)
Mak/Min Ot SS VK Mak/Min Ort SS VK Mak/Min Ort SS VK
Antakya Demirkopri  48.50/27.30 36.30 5.75 15.85 7.10/3.70 4.94 0.90 18.29 8.70/5.10 6.60 0.93 14.12

Apaydin 40.10/24.80 31.56 4.28 13.55 7.20/3.30 4.98 1.08 21.67 6.90/4.40 5.78 0.78 13.48
Bohsin 43.20/26.70 3421 4.53 13.24 6.70/3.10 4.76 0.84 17.70 8.10/4.30 6.36 0.99 15.51
Avsuyu 37.70/22.50 30.64 4.38 14.29 8.50/4.10 5.49 120 2192 7.30/5.20 6.02 0.70 11.60
Altindzii  Hacipasa 38.80/26.30 32.13 3.26 10.13 4.30/2.70 3.45 0.49 1429 7.10/490 595 0.52 8.80
Yarseli 63.30/30.77 4233 8.56 20.23 7.70/4.70 5.75 0.81 14.12 9.10/5.60 7.02 1.11 15.79
Yolagzi 48.50/21.70 34.74 5.60 16.13 6.40/3.10 4.92 0.97 19.73 7.90/4.90 6.29 0.87 13.89

Kiyigoren 42.50/21.10 30.83 5.38 17.45 6.70/3.30 5.03 1.01 20.07 8.20/4.60 6.25 1.08 17.33
Boynuyogun  46.70/21.50 33.21 7.13 21.47 7.30/3.50 5.30 1.07 20.16 10.50/4.80 6.53 1.33 20.41
Arsuz Yukarikepirce 51.64/20.21 31.68 8.24 26.02 6.70/3.90 5.17 0.80 1541 7.16/3.76 5.18 0.85 16.37

Madenli 46.32/23.10 3393 5.66 16.69 7.20/3.80 5.20 0.92 17.78 7.78/4.32 6.04 1.07 17.64
Uggiilliik 43.53/20.69 28.65 5.81 20.28 5.70/2.10 4.07 1.02 25.03 7.44/3.87 5.43 0.83 1538
Yayladag: Cabala 32.30/22.10 26.64 3.09 11.61 5.90/3.10 4.18 0.82 19.65 8.50/4.20 5.97 1.05 17.53
Asagipulluyazi 48.40/25.60 37.50 6.27 16.72 6.40/3.20 4.44 0.88 19.79 7.50/3.80 5.59 1.11 19.88
Giivegci 60.80/24.10 4223 10.26 24.29 9.60/3.40 5.42 1.44 26.54 9.30/4.10 6.09 1.20 19.73
Samandag Yesilada 38.98/27.63 32.52 3.01 9.26 5.80/4.40 5.03 0.34 6.78 7.21/4.97 591 0.65 10.92

Mak/Min: Maksimum/Minimum, Ort: Ortalama, SS: Standart sapma, VK: Varyasyon katsayisi
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Meyve et kalinlig1 ortalama verileri incelendiginde en kalin etli (3.28 mm) meyvelerin Yolagzi
popiilasyonundan alinan bitki 6rneklerinde oldugu gorilmiistir (Cizelge 6). Kiyigoren genotipinde
olgiilen ortalama meyve et kalinliginin (2.34 mm) ise en ince oldugu belirlenmistir. Degerlendirilen 16
biber Ornegi arasinda orta kalinlikta (3.07 mm) meyve etine sahip olan Yesilada genotipinde, en az
varyasyon olusmustur. Bu 6zellik agisindan en genis varyasyonun Giivegci popiilasyonunda oldugu
belirlenmistir. incelenen genotipler arasinda en yiiksek ortalama meyve agirhgn (78.76 g) Yarseli
popiilasyonunda belirlenirken, Cabala (37.73 g) ve Ugcgiillik (37.75 g) genotiplerinde diger
genotiplere kiyasla daha diisiik ortalama meyve agirligi tespit edilmistir (Cizelge 6). Bu karaktere ait
VK’nin Yukarikepirce popiilasyonunda en yiiksek, Yesilada genotipinde ise en diisiik oldugu
saptanmistir. Tohum odacik sayisi bakimindan, Kiyigéren ve Yukarikepirce popiilasyonlart yiiksek
varyasyon gostermistir (Cizelge 6). Kiyigéren genotipinde tohum odacik sayisiin, farkli bitkilerdeki
meyvelere bagl olarak 5 (% 4.76), 4 (% 28.57), 3 (% 38.10), 2 (% 23.81) ve 1 (% 4.76) adet oldugu
belirlenmistir. Popiilasyonlar arasinda en diisiik ortalama tohum odacik sayisina ve standart sapma
degerine sahip olan Hacipasa popiilasyonu olmustur. Bu genotipin meyvelerinde 2 (% 61.90) veya 3
adet (% 38.10) tohum odacigmin bulundugu tespit edilmistir.

Incelenen popiilasyonlardan alman meyve suyu &rneklerinde Slgiilen pH degerlerinin 4.83
(Hacipasa) ila 5.59 (Boynuyogun) arasinda degistigi saptanmistir (Cizelge 7). Standart sapma ve VK
degerlerine gore, bu karakter bakimindan varyasyonun en fazla Yukarikepirce popiilasyonunda, en az
Yolagz1 genotipinde oldugu tespit edilmistir. Degerlendirilen genotipler arasinda en yiiksek SCKM (%
9.0) Boynuyogun mahallesinden alinan meyve orneklerinde, en diisiik SCKM (% 6.47) ise Gilivegci
mabhallesi meyvelerinde belirlenmistir (Cizelge 7). SCKM varyasyonunun Yolagzi mahallesinde en
genis, Yukarikepirce mahallesinde en dar oldugu saptanmugtir.

Cizelge 6. Incelenen popiilasyonlarda meyve et kalnligi, meyve agirhigi ve tohum odacik sayist
ozellikleriyle ilgili veriler

ilge Mabhalle Meyve Et Kalinlig1 (mm) Meyve Agirligi (g) Tohum Odacik Sayisi (adet)
Mak/Min Ort SS VK  Mak/Min Ort  SS VK  Mak/MinOrt  SS VK
Antakya Demirképri  4.50/1.80 2.94 0.77 26.07 80.52/40.97 58.00 10.78 18.59 4/2 329 0.64 19.59

Apaydin 4.50/1.30 2.77 0.85 30.55 73.05/32.82 50.12 11.00 21.94 4/2  3.10 0.83 26.85
Bohsin 4.30/2.10 3.24 0.57 17.46 84.81/30.28 53.64 1543 28.77 4/2  3.00 0.55 18.26
Avsuyu 3.70/1.60 2.67 0.54 20.07 68.47/22.30 43.60 12.06 27.66 4/2  3.00 0.55 18.26
Altinozii Hacipasa 3.80/2.20 3.00 0.48 16.10 75.89/27.41 40.04 10.55 26.35 3/2 238 0.50 20.90
Yarseli 4.10/1.60 2.98 0.77 25.78 122.22/45.15 78.76 24.96 31.69 5/3 371 0.56 15.09
Yolagz 5.10/1.90 3.28 0.74 22.47 99.43/31.72 59.11 19.07 32.27 4/2 330 0.73 2220

Kiyigoren 3.70/1.70 2.34 0.56 23.83 71.51/24.11 4135 10.89 26.33 5/1  3.05 097 3194
Boynuyogun  4.90/1.80 2.86 0.80 27.79 100.91/31.62 59.05 24.22 41.01 4/2 324 0.62 19.30
Arsuz  Yukarikepirce 3.62/1.16 2.40 0.60 25.04 130.49/23.33 54.29 28.44 52.38 4/1  2.67 091 3423

Madenli 4.18/1.73 2.82 0.71 2527 90.70/22.66 5440 17.48 32.13 4/2 257 0.60 23.24
Uggiilliik 3.94/1.39 2.51 0.69 27.33 55.75/22.40 37.75 9.06 23.99 4/2  2.62 0.67 2555
YayladagiCabala 3.50/1.60 2.60 0.54 20.80 53.43/23.28 37.73 873 23.13 4/2 243 0.60 24.61
Asagipulluyaz1 3.82/2.08 2.77 0.58 20.89 109.58/25.84 57.36 2228 38.85 4/2 262 059 2251
Giivegei 5.66/1.75 3.15 1.01 31.97 130.19/37.16 76.32 28.00 36.69 4/1 2.67 0.66 24.69
SamandagY esilada 3.94/2.49 3.07 0.45 14.83 82.01/47.96 61.65 9.94 16.12 4/2 2.86 0.65 2291

Mak/Min: Maksimum/Minimum, Ort: Ortalama, SS: Standart sapma, VK: Varyasyon katsayisi

Ortalama titre edilebilir asitlik oran1 en fazla (% 0.433) Hacipasa popiilasyonundan alinan
biber meyvelerinde, en az (% 0.247) Giivegci genotipi biber orneklerinde olciilmiistiir (Cizelge 7).
Standart sapma ve VK degerlerine gore Yarseli ve Yesilada popiilasyonlarinda yiiksek, Bohsin,
Uggiilliik ve Cabala genotiplerinde ise diisiik varyasyon tespit edilmistir.
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Cizelge 7. Incelenen popiilasyonlarda pH, SCKM ve titre edilebilir asitlik 6zellikleriyle ilgili veriler

Ilge Mabhalle pH SCKM (%) Titre Edilebilir Asitlik (%)
Mak/Min Ort SS VK Mak/Min Ort SS VK Mak/Min  Ort  SS VK
Antakya Demirképriic  5.52/5.37 5.46 0.08 1.42 8.20/6.80 7.53 0.70 9.32 0.362/0.283 0.312 0.044 14.05

Apaydin 5.47/4.40 5.44 0.04 0.66 8.20/7.80 8.00 0.20 2.50 0.371/0.331 0.350 0.020 5.77
Bohsin 5.48/5.40 5.45 0.04 0.76 8.00/6.80 7.53 0.64 8.50 0.289/0.271 0.279 0.009 3.27
Avsuyu 5.53/5.40 5.46 0.07 1.19 8.80/7.80 8.27 0.50 6.10 0.292/0.242 0.261 0.027 10.18
Altindzii  Hacipasa 4.84/4.80 4.83 0.02 0.48 8.40/8.00 8.17 0.21 2.55 0.449/0.414 0.433 0.018 4.10
Yarseli 5.60/5.52 5.55 0.05 0.83 7.8/6.20 7.07 0.81 11.44 0.332/0.249 0.302 0.047 15.43
Yolagz 5.48/5.46 5.47 0.01 0.18 8.20/6.40 7.00 1.04 14.850.349/0.315 0.329 0.018 5.47

Kiyigéren 5.57/5.50 5.54 0.04 0.65 8.40/7.80 8.13 0.31 3.76 0.340/0.289 0.317 0.026 8.15
Boynuyogun  5.65/5.50 5.59 0.08 1.46 9.40/8.80 9.00 0.35 3.85 0.375/0.345 0.358 0.015 4.24

Arsuz Yukarikepirce 5.50/5.01 520 0.26 5.01 7.00/6.80 6.87 0.12 1.68 0.298/0.273 0.282 0.014 4.94
Madenli 4.98/4.93 495 0.03 0.51 8.00/7.40 7.60 0.35 4.56 0.342/0.311 0.329 0.016 4.94
Uggiilliik 4.96/4.89 4.93 0.04 0.77 7.80/6.20 6.93 0.81 11.66 0.353/0.333 0.344 0.010 2.89
Yayladag:i Cabala 5.59/5.52 5.54 0.04 0.68 8.20/7.20 7.60 0.53 6.96 0.320/0.298 0.310 0.011 3.59
Asagipulluyaz1 5.53/5.49 5.51 0.02 0.38 7.40/7.00 7.20 0.20 7.78 0.297/0.275 0.288 0.012 4.10
Giivegei 5.52/5.43 5.49 0.05 0.95 7.20/5.80 6.47 0.70 10.86 0.268/0.225 0.247 0.022 8.70
Samandag  Yesilada 4.94/4.83 4.90 0.06 1.24 7.40/7.00 7.20 0.20 2.78 0.361/0.268 0.268 0.051 15.67

Mak/Min. Maksimum/Minimum, Ort: Ortalama, SS: Standart sapma, VK: Varyasyon katsayisi

Minolta ile saglikli olarak oOl¢iimleri yapilabilen 10 popiilasyonun meyve kabuk rengi
verilerinde en yiiksek ortalama L* degeri, yani en parlak kabuk rengi Apaydin popiilasyonunda, en
diisiik parlaklik Yesilada genotip meyvelerinde tespit edilmistir (Cizelge 8). Bu &zelligin standart
sapma ve VK degerlerine gore en genis varyasyon Demirkoprii popiilasyonunda, en dar varyasyon ise
Ucggiilliik genotipinde saptanmistir. Meyve kabugu ortalama a* degerleri agisindan en kirmizi kabuk
renginin Yukarikepirce popiilasyonunda, en az kirmizi rengin Yesilada genotipinde oldugu
belirlenmistir (Cizelge 8). Bu ozellikte Kiyigoéren, Madenli ve Yesilada mahallelerinde yiiksek
varyasyon, Yukarikepirce mahallesinde ise diislik varyasyon tespit edilmistir. Meyve kabugu ortalama
b* degeri bakimindan, Kiyigdren popiilasyon meyvelerinden en yliksek, Yesilada genotipinden ise en
diisiik degerler elde edilmistir (Cizelge 8). Genotiplerin meyve kabuk b* degeri standart sapma ve VK
verileri incelendiginde, varyasyonunun Demirkoprii popiilasyonunda en fazla, Uggiilliik genotipinde
en az oldugu goriilmektedir.

Cizelge 8. Incelenen popiilasyonlarda belirlenen meyve kabugu L*, a* ve b* verileri

Ilge Mabhalle L* a* b*

Mak/Min  Ort SS VK Mak/Min Ort SS VK MakMin Ort SS VK

Antakya Demirkoprii 44.85/25.42 37.20 4.31 11.60 37.21/17.64 31.77 3.95 12.44 29.43/12.97 1995 4.52 22.67
Apaydin 43.65/31.35 38.23 3.16 8.26 38.57/24.92 33.82 3.02 8.93 28.58/14.16 1991 3.76 1891
Altindzii Yarseli 45.43/34.06 37.05 2.61 7.03 39.80/26.87 34.22 3.04 8.88 32.21/14.77 1889 3.77 19.97
Yolagz1 36.34/29.20 33.64 1.93 5.74 36.75/19.53 32.84 3.69 11.25 29.15/17.09 2048 2.82 13.77
Kiyigoren 41.52/29.11 36.63 3.49 9.54 40.36/19.55 33.37 5.83 17.47 36.10/21.53 2649 3.75 14.17
Boynuyogun 42.44/27.78 36.73 4.00 10.89 40.29/26.15 34.62 3.54 10.23 32.60/19.10 2491 4.07 1634
Arsuz  Yukarikepirce 38.26/31.16 34.90 2.02 5.79 39.83/32.07 35.15 2.18 6.20 25.18/16.46 20.89 2.73 13.05
Madenli 39.45/31.92 36.22 2.02 5.59 39.83/18.37 31.70 5.34 16.84 26.82/16.81 2133 2.60 12.17
Uggiillik 37.41/32.28 3548 1.49 4.21 39.43/30.42 34.64 2.38 6.88 25.40/17.09 20.84 2.30 11.02
SamandagYesilada 37.95/30.45 32.73 2.08 6.36 38.82/17.16 28.34 5.28 18.65 20.98/9.91 1491 3.00 20.09

Mak/Min: Maksimum/Minimum, Ort: Ortalama, SS: Standart sapma, VK: Varyasyon katsayisi, L*: Rengin parlaklifinda meydana gelen
renk degisimi, a*: Kirmizidan yesile renk degisimi, b*: Maviden sariya renk degisimi

C* degerlerine gore Kiyigoren popiilasyonu meyvelerinin kabuk rengi yogunlugu en yiiksek,
Yesilada genotip meyve kabuk rengi yogunlugu ise en diisiik olmustur (Cizelge 9). Sozii edilen 6zellik
bakimindan varyasyonun Yesilada’da genis, Uggiilliik ve Yukarikepirce popiilasyonlarinda dar oldugu
saptanmigtir. Ortalama meyve kabugu renk a¢1 (A°) degeri en yiiksek meyveler Kiyigoren
popiilasyonunda belirlenirken, en diisiik a1 degerine sahip meyveler Yarseli genotipinde tespit
edilmistir (Cizelge 9). Bu 6zelligin standart sapma ve VK degerlerine gore Yesilada mahallesinde en
genis, Uggiilliik mahallesinde en dar varyasyon saptanmustir.

Meyve et rengi Olglimlerinde ortalama L* degerine gore en parlak meyve et rengi Kiyigéren
biber orneklerinde, en az parlaklik Yesilada genotip meyvelerinde belirlenmistir (Cizelge 10). Bu
ozellik bakimindan Demirkdprii, Yarseli ve Boynuyogun mahallelerinde genis, Madenli mahallesinde
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dar varyasyon tespit edilmistir. Ortalama meyve a* degerine gore en kirmizi et rengi Uggiilliik
popiilasyonu meyvelerinde, en az kirmizi et rengi Kiyigdren genotipi meyve Orneklerinde
belirlenmistir (Cizelge 10). Bu karakterin standart sapma ve VK degerleri Demirkdprii’de en yiiksek,
Yesilada’da en diisiik olmustur. Rengin parlakligini belirleyen L* degerinde oldugu gibi meyve eti b*
degeri, Kiyigoren popiilasyonunda en yiiksek, Yesilada genotipinde en diisiik olmustur (Cizelge 10).
Bu o6zellikte, en genis varyasyon Yarseli’de, en dar varyasyon ise Kiyigéren’de belirlenmistir.

Cizelge 9. Hatay ilgelerine bagl farkli mahallelerde incelenen popiilasyonlarda belirlenen meyve
kabugu C* ve h’ verileri

Ilge Mahalle C* h’
Mak/Min Ort SS VK Mak/Min Ort SS VK
Antakya Demirkoprii 43.70/30.26 37.83 3.96 10.46  54.70/24.00 3198 7.27 22.75
Apaydin 48.13/31.27 39.39 3.93 9.97 40.02/24.04 3044 442 14.51
Altindzii Yarseli 49.92/30.68 39.19 4.16 10.63  40.29/24.51 28.65 3.39 11.84
Yolagzi 46.07/27.33 38.80 4.02 10.37  44.38/27.87 3196 3.71 11.60
Kiyigdren 54.38/35.82 43.00 4.97 11.56  55.34/32.25 38.81 6.51 16.78
Boynuyogun 51.09/33.22 42.56 4.53 10.64  45.23/29.52 3548 4.39 12.39
Arsuz Yukarikepirce 47.13/36.79 40.95 2.89 7.05 35.52/26.57 30.58 2.72 8.91
Madenli 47.82/24.90 38.32 5.40 14.09  45.51/28.22 3442 4.18 12.14
Uggiilliik 45.59/35.62 40.47 2.84 7.03 37.14/27.73 3097 242 7.80
Samandag  Yesilada 44.13/19.82 32.27 5.70 17.66  60.97/24.14 29.04  7.72 26.60

Mak/Min: Maksimum/Minimum, Ort: Ortalama, SS: Standart sapma, VK: Varyasyon katsayist, C*: Rengin yogunlugu, #’: Rengin a¢1 degeri

Cizelge 10. Incelenen popiilasyonlarda belirlenen meyve et rengi L*, a* ve b* verileri
g populasy yv g

flge Mahalle L* a* b*
Mak/Min Ot SS VK Mak/Min Ort SS VK Mak/Min Ort SS VK
Antakya Demirkoprii  60.67/36.20 44.25 6.63 14.97 44.33/6.06 35.16 8.89 25.29 45.15/26.95 36.00 5.85 16.25
Apaydin 63.98/36.42 43.24 5.87 13.57 44.98/20.64 39.07 6.32 16.18 42.44/26.19 3495 521 14091
Altinozii  Yarseli 54.89/29.62 42.14 6.57 15.59 44.47/26.29 38.61 4.86 12.58 52.64/18.60 34.28 7.99 23.33
Yolagzi 51.72/25.96 38.30 5.25 13.71 44.78/17.21 37.62 5.55 14.75 56.59/27.43 38.10 6.01 15.77
Kiyigoren 63.77/40.86 49.54 523 10.56 42.34/17.17 34.65 7.01 20.24 54.43/39.92 48.16 3.84 7.96
Boynuyogun 58.88/33.62 45.37 6.70 14.76 45.54/14.69 36.53 8.23 22.53 59.78/35.97 45.54 7.02 1542
Arsuz Yukarikepirce 46.62/32.43 38.25 4.64 12.12 45.49/32.51 40.53 3.63 8.95 46.72/24.04 3697 6.31 17.07
Madenli 46.71/35.50 38.66 2.97 7.68 43.65/27.56 38.55 3.72 9.66 48.66/33.17 3832 4.22 11.01
Uggﬁllﬁk 45.82/31.05 37.54 3.42 9.11 45.26/29.83 41.81 3.65 8.73 47.84/27.77 38.04 5.74 15.08
Samandag Yesilada 43.29/29.71 36.90 3.01 8.17 41.93/33.23 38,92 245 6.29 38.30/21.68 27.02 4.60 17.01

Mak/Min: Maksimum/Minimum, Ort: Ortalama, SS: Standart sapma, VK:Varyasyon katsayis1, L*: Rengin parlakliginda meydana gelen renk
degisimi, a*: Kirmizidan yesile renk degisimi, b*: Maviden sariya renk degisimi

Renk yogunlugunu belirleyen C* degerine gére meyve et rengi en yogun olan biber drnekleri
Kiyigoren ve Boynuyogun popiilasyonlarinda, en az yogun meyve et rengi ise Yesilada genotipinde
tespit edilmistir (Cizelge 11). Varyasyonun, incelenen genotipler arasinda Altindzii Yarseli
popiilasyonunda en fazla, Demirkdprii genotipinde ise en az oldugu saptanmigtir. Ortalama meyve et
rengi 4° degeri, L*, b* ve C* degerlerinde oldugu gibi en yiiksek Kiyigéren mahallesinde, en diisiik
Yesilada mahallesinde belirlenmistir (Cizelge 11). Standart sapma ve VK degerlerine gore meyve et
rengi h° degeri varyasyonunun, en genis Demirkdprii’de, en dar Madenli ve Yesilada’da oldugu tespit
edilmistir.

Arastirmaya dahil edilen 16 biber popiilasyonunun kurutulmus meyve ekstrakti kullanilarak,
HPLC sisteminin standart ve 6rneklerine ait kromotogramlarin karsilastirilmasina bagl olarak dlgiilen
ortalama kapsaisin ve dihidrokapsaisin igerigi incelendiginde (Cizelge 12), popiilasyonlardaki aciligi
belirleyen toplam kapsaisin-dihidrokapsaisin konsantrasyonun 879.45 ppm (Yesilada) ila 37.27 ppm
(Hacipasa) arasinda degistigi goriilmektedir. Yesilada popiilasyonundan sonra Yolagzi (637.80 ppm)
ve Avsuyu (607.67 ppm) genotipleri, diger genotiplere kiyasla daha fazla toplam kapsaisin ve
dihidrokapsaisin miktarina sahip olmustur. Bu 6zellik agisindan standart sapma degerinin Cabala ve
Yesilada genotiplerinde yliksek, Hacipasa popiilasyonunda en diisilk oldugu belirlenmistir. VK
degerleri dikkate alindiginda, kapsaisin ve dihidrokapsaisin toplami bakimindan en genis varyasyon
Ucggiilliik, en dar varyasyon ise Hacipasa genotipinde tespit edilmistir.
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Cizelge 11. Hatay ilcelerine bagh farkli mahallelerde incelenen popiilasyonlarda belirlenen meyve et
rengi C* ve b’ verileri

Ilge Mahalle C* h’
Mak/Min Ort SS VK Mak/Min Ort SS VK
Antakya Demirkoprii 57.64/44.60 51.27 3.53 6.88 82.36/33.66 46.01 11.75 25.55
Apaydin 58.93/46.50 52.87 4.08 7.72 64.06/33.37 41.93 8.11 19.33
Altindzii Yarseli 64.48/36.02 52.07 6.29 12.07 59.02/31.09 41.15 7.57 18.38
Yolagzi 65.68/40.15 53.87 5.41 10.04  64.62/37.19 45.35 6.78 14.95

Kiyigoren 65.74/48.88 59.68 4.49 7.52 69.43/43.66 5452 6.59 12.10
Boynuyogun  69.33/47.50 59.08 5.50 9.31 73.42/41.41 5127  9.25 18.03

Arsuz Yukarikepirce 63.58/40.43 55.05 5.46 9.93 54.02/34.83 4210  5.05 12.00
Madenli 64.46/47.71 54.48 4.24 7.80 54.71/39.10 44.81 3.93 8.76
Uggiilliik 65.39/47.29 56.74 4.65 8.19 55.07/35.18 42.11 5.14 12.21

Samandag  Yesilada 55.61/39.68 47.49 4.06 8.54 43.53/28.75 34.56  3.86 11.16

Mak/Min: Maksimum/Minimum, Ort: Ortalama, SS: Standart sapma, VK:Varyasyon katsayisi, C*: Rengin yogunlugu, 4°: Rengin ac1 degeri

Cizelge 12. Incelenen popiilasyonlarda kuru agirlik iizerinden HPLC ile belirlenen ortalama kapsaisin,
dihidrokapsaisin ve toplam kapsaisin-dihidrokapsaisin verileri

ilge Mabhalle Kapsaisin (ppm) Dihidrokapsaisin (ppm) Toplam (ppm)
Mak/Min Ort  SS VK Mak/Min Ort SS VK Mak/Min Ort SS VK
Antakya Demirkoprii  198.75/134.32172.44 33.80 19.60 274.93/156.27232.78 66.37 28.51 473.68/290.59 40522 99.90 24.65

Apaydin 103.69/77.57 93.65 14.07 15.02 165.02/96.45 128.51 34.50 26.85 264.71/200.14 222.16 36.86 16.59
Bohsin 307.84/170.69261.86 78.95 30.15 344.56/190.15276.38 78.77 28.50 651.59/360.84 538.24 155.60 28.91
Avsuyu 399.96/268.28316.39 72.65 22.96 332.70/260.64 291.28 37.22 12.78 732.66/528.92 607.67 109.46 18.01
Altidzii Hacipasa 21.02/11.28 17.43 535 30.71 25.14/17.04 19.84 4.60 23.17 38.35/36.42 3727 098 2.64
Yarseli 335.37/135.99235.21 99.69 42.38 189.34/84.58 124.08 56.93 45.88 524.70/234.32 359.29 149.36 41.57
Yolagz 406.68/242.67310.02 85.84 27.69 432.76/236.87327.79 98.70 30.11 839.44/479.54 637.80 183.83 28.82

Kiyigoren 201.13/28.93 113.67 86.13 75.78 302.29/67.83 168.42 120.72 71.68 503.43/96.76 282.09 205.71 72.93
Boynuyogun 247.10/66.63 148.13 91.50 61.77 215.42/92.53 140.93 65.47 46.45 462.53/159.16 289.07 156.30 54.07
Arsuz  Yukarikepirce 108.93/49.75 83.24 30.35 36.46 140.54/101.97117.92 20.13 17.07 231.60/151.71 201.16 43.20 21.48

Madenli 50.82/14.42 30.12 18.71 62.11 49.04/31.78 37.87 9.69 25.59 99.86/47.20  67.99 28.03 4122
Uggiilliik 166.83/17.00 70.24 83.79 119.30337.63/39.74 14539 166.76 114.70 504.46/66.63 215.63 250.18 116.02
YayladagiCabala 375.24/16.05 213.63 182.28 85.33 351.65/35.76 199.06 158.22 79.48 726.90/51.80 412.69 339.96 82.38
Asagipulluyaz1153.45/40.15 112.22 62.64 55.81 160.68/43.66 121.10 67.08 55.39 314.13/83.80 233.33 129.63 55.56
Giivegei 275.76/83.07 206.90 107.4751.94 207.67/112.45167.78 49.45 29.47 483.43/195.52 374.68 156.34 41.73

SamandagYesilada 593.59/263.26458.61 173.2437.78 568.01/257.07420.85 156.13 37.10 1161.60/520.33879.45 327.49 37.24
Mak/Min: Maksimum/Minimum, Ort: Ortalama, SS: Standart sapma, VK: Varyasyon katsayist

4. Tartisma ve Sonug

Incelenen popiilasyonlarin bazi 6zelliklerinin ortak oldugu ve degisim gdstermedigi
saptanmistir. Buna gore incelenen biitiin popiilasyonlarda bitki biiylime modeli dik, gévde ve
yapraklar tiiysiiz, govde rengi yesil, govde sekli silindirik, yaprak rengi yesil ve yaprak sekli ise oval
olarak belirlenmistir. Ayrica bitkinin her koltugundaki ¢icek sayisinin bir adet oldugu, ta¢ yaprak
renginin beyaz, meyve sapi ile ¢anak yapragin birlestigi yerde bogum olustugu ve meyve sapi ile
canak yapragin meyve iizerimde kaldig1 gozlenmistir. incelenen diger bitki ve meyve ozellikleri
acisindan ise popiilasyonlarda varyasyon bulundugu belirlenmistir.

Bu caligmada elde edilen bulgularin bir kismi, diger yaymlarda bildirilen sonuglarla uyumlu
oldugu, ancak bazi bulgular bakimindan ise farklilik gosterdigi belirlenmistir. Bitki sekli, yaprak rengi,
¢igek pozisyonu ve meyve tabaninda boyun olusumu bulgularimiz, Cliriik ve ark. (2015)’nin sonuglari
ile benzerlik gostermektedir. Calismamizda meyve et kalinligi bakimimdan popiilasyonlarda ortaya
cikan varyasyon bulgulan ile diger arastiricilar (Duman ve Diizyaman, 2004; Bozokalfa ve Esiyok,
2010) tarafindan yaymlanan sonuglar uyum igindedir. Ayrica, Mutlu ve ark. (2009)’1in tohum odacik
say1s1 Ozelligi ile ilgili olarak bildirdikleri varyasyon bulgusu sonuclarimiz1 desteklemektedir.

Bunlarla birlikte Ciiriik ve ark. (2015), inceledikleri biber genotiplerinde bitki biiyiime modeli,
govde tiyliligl, gdovde rengi, meyve sapi ile ¢anak yaprak arasinda bogum olusumu &zelliklerinde,
calismamizdan farkli olarak varyasyon oldugunu bildirmektedirler. Calismamizda meyve sapi ile
canak yaprak arasinda bogum olusumu bakimindan genotiplerde ¢esitlilik belirlenmis olmakla birlikte,
Binbir ve Bas (2010) inceledikleri biber genotiplerinde meyve sapi ile ¢anak yaprak arasinda bogum
olusumunun (kaliks halka olusumu) gozlenmedigini bildirmistir. Aragtirmamizda meyve sekli
bakimindan varyasyon olmakla birlikte uzun meyve seklinin ¢ogunlukta oldugu belirlenirken, Alan
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(1984) yaptig1 calisma sonucunda, arastirdigr 176 farkli biber popiilasyonunundan 99’unun konik
meyve sekilli oldugunu bildirmistir. Farkli arastirmalardan benzer sonuglarin alinmamasi, kullanilan
genotiplerin farkli olmasi, aragtirmalarin degisik yiikseklikte, toprak ve iklim kosullarinda
gerceklestirilmis olmasindan kaynaklandigi degerlendirilmektedir.

Calismamizda incelenen popiilasyonlarin ¢ogunda meyve uzunlugunda varyasyon tespit
edilmistir. Mutlu ve ark. (2009) ile Ciiriik ve ark. (2015), arastirdiklar1 biber genotiplerinde meyve
uzunlugu acisindan varyasyon tespit ettiklerini bildirmektedirler. Ancak, calismamizda Yesilada
popiilasyonunda meyve uzunlugunda tespit edilen diisiik varyasyon, bu genotipi yetistiren ¢iftgilerin
her y1l tohum alirken meyve uzunlugunu dikkate alarak se¢im yaptiklarini isaret etmektedir.

Popiilasyonlarin meyve rengi 6zellikleri bulgularina gore Kiyigéren popiilasyonundan alinan
meyve Orneklerinde et rengi kalitesinin, genelde diger popiilasyonlardan daha yiiksek oldugu
belirtilebilir. Genotip, bakim kosullar1 ve iklim faktorlerinin kaliteyi etkilemis olabilecegi
degerlendirilmektedir.

Arastirmamizda en yiliksek acilia sahip genotip olarak One cikan Samandag Yesilada
popiilasyonu meyvelerinde belirlenen ortalama kapsaisintdihidrokapsaisin igerigi (879.45 ppm), C.
annuum ¢esitlerinden olan Jalapeno ve C. chinense tlriniin Habanero c¢esitlerinin bildirilen
kapsaisin+dihidrokapsaisin konsantrasyonlarma (sirastyla 1902 ve 13953 ppm, Collins ve ark., 1995)
kiyasla oldukga diisiik olmustur.

Calisma kapsaminda elde edilen sonuglardan anlagilacagi gibi Hatay’da biber retiminde
kullanilan genotiplerin, bilhassa meyve o6zellikleri bakimindan homojen olmadiklar1 goriilmektedir.
Incelenen 6zellikler dikkate alindiginda Hatay biberi popiilasyonlari, aralarinda benzerlik ve farklilik
olmakla birlikte genel olarak ii¢ gruba ayrilabilecegi ortaya ¢ikmaktadir. Bunlar; Arsuz, Antakya-
Yayladagi-Altin6zii ve Samandag mahallelerinde yetistirilen popiilasyonlardir. Arsuz grubu
popiilasyonlarinda genel olarak meyve sekli uzun, ¢icek ucu sekli agirlikli olarak sivri, meyve az act
olarak belirlenmistir. Antakya-Yayladagi-Altindzii grubu; meyve sekli genelde uzun olmakla birlikte
konik ve tombul meyveleri bulunan, ¢igek ucu seklinin kubbe, sivri ve gukur, SCKM igerigi diger
gruplara gore genel olarak daha yiiksek ve aciligin ¢ok diisiik oldugu popiilasyonlar bulunmakla
birlikte Arsuz grubuna gore daha act meyvelere sahip olan bir gruptur. Samandag biberinde ise
varyasyonun diger gruplardan diisiik, genel olarak meyve seklinin uzun, ¢igek ucu seklinin sivri ve
aciligin diger gruplara kiyasla oldukga yiiksek oldugu saptanmistir. Ancak bu gruplamanin daha genis
popiilasyonlar kullanilarak, ayni1 lokasyonda yiiriitiilecek karakterizasyon calismalart sonucunda
yapilacak molekiiler analizler ve kiimeleme ¢aligmalariyla teyit edilmesi gerekmektedir. Zira bilindigi
gibi molekiiler analizler, ¢cevre kosullarindan etkilenmeyen daha giivenilir sonuglar verebilmektedir.
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Abstract: In this study, the effects of goji berry extract on some
quality characteristics of common carp (Cyprinus carpio L., 1758) sausages
during 28 days of storage at 2+£1°C were investigated. TBA (Thiobarbituric
acid) values demonstrated that goji berry acted as a natural antioxidant and
retarded lipid oxidation of common carp sausages during 28 days of storage.
The lowest TVB-N (Total Volatile Basic Nitrogen) contents were noticed in
S2 group (2% goji berry added common carp sausages) followed by S1 group
(1% goji berry added common carp sausages). Total aerobic mesophilic bacteria
(TAMB) of goji berry extract added samples were always lower than control
samples. Goji berry extract was very effective to inhibit the growth of
microorganisms. Addition of goji berry extract caused partially redness in
sausage samples depending on concentration. Highest aroma and color score
was found in S1 group. On the other hand, depending on increase in
storage period, color and aroma scores also decreased significantly.

Kurt Uziimii (Lycium barbarum L.) Ekstraktinin Sazan (Cyprinus carpio L., 1758)
Sosislerinin Baz1 Kimyasal, Mikrobiyal ve Duyusal Ozellikleri Uzerine Etkileri
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Anahtar kelimeler
Sazan balig1 sosisi,

Kurt tiziimii ekstrakti,
Bazi kalite parametreleri.

Oz: Bu calismada, kurt {iziimii ekstraktinin 2+1°C’da 28 giin depolanan sazan
(Cyprinus carpio L., 1758) sosislerinin bazi kalite 6zellikleri iizerine etkileri
aragtirllmistir. TBA degerleri kurt iiziimii ekstraktinin dogal antioksidan gibi
davrandigint ve 28 giinliik depolama siiresince sazan sosisinde lipid
oksidasyonunu geciktirdigini gostermistir. En diisiik TVB-N igerikleri S2 (%2
kurt tiziimi ekstraki eklenen sazan sosisleri) ve S1 (%1 kurt izimii ekstraki
eklenen sazan sosisleri) gruplarinda bulundu. Kurt iiziimii ekstrakti eklenen sazan
sosislerinin toplam aerobik mezofilik bakteri (TAMB) sayilar1 kontrol drnegine
gore daha digik cikti. Kurt {izimii ekstrakti mikroorganizma gelisimini
engellemede cok etkiliydi. Konsantrasyon artisina bagl olarak kurt {iziimii
eklenmesi sosis Orneklerinde kismen kirmiziliga neden oldu. Aroma ve renk
degerleri bakimindan en iyi puanlama S1 grubunda tespit edildi. Diger yandan,
depolama siiresindeki artisa bagli olarak renk ve aroma degerleri de belirgin
olarak azaldu.
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1. Introduction

The trend in consumer preferences towards healthful, economical and confident foods lead
sausage industry to look for new alternatives like fish. Fish added sausage formulations can be a solution
to increase the nutritional quality of food and also to include fish in the daily diet of the people (EI-
Sherif et al., 2016). Due to its long chain n-3 fatty acids content, fish sausages have a beneficial effect
on health Churi et al., 2016). Fish sausage is one of the most popular and value added products, prepared
from minced fish meat (Raju et al., 2003). Fish sausage is obtained by mixing minced fish meat with
salt, spices, seasonings, fat, etc. then stuffed into casings and cooked (Nithin et al., 2015).

Common carp (Cyprinus carpio, L., 1758) is the most dominant freshwater fish species in the
world due to its abundance, high economic and nutritive values (Zhang et al., 2017). The global
aquaculture production for common carp was approximately 4 557 000 tons in 2016 and it is the third
highly produced freshwater fish species in the world (FAO, 2018). Taking into consideration the above
mentioned, common carp can be used easily to increase the nutritional value of meat products like
sausages, hot dog without changing sensorial properties and storage stability (Buchtova and Kaspar,
2016).

Smoking is one of the oldest technologies used to preserve of meat and fish (Hattula et al., 2001).
Wood smokes or other fuel smokes contain many chemical contaminants including polycyclic aromatic
hydrocarbons (PAHs) (Babic et al., 2018). PAHs are toxic contaminants and many of them have
carcinogenic activity (Purcaro et al., 2013). Liquid smoke is ideal and safe for use in marinades, sauces
and processed meat like sausage and ham to give a smoked flavor properties (Lingbeck et al., 2014). By
the refining process, unwanted PAHs are removed (Varlet et al., 2010). Applicability in most foods,
minimization of environmental pollution, different forms of practice (spraying, dipping, blending etc.),
adding flexibility to the application techniques, using as a natural preservative in foods, effective control
over the flavor and color are among the most important advantages of liquid smoking (Goncalves et al.,
1999; Nithin et al., 2015).

Type of raw materials (fish, spices, other ingredients) and heat treatment affect chemical,
microbiological and sensory deterioration of fish sausages (Sojic et al., 2017). Addition of natural
antioxidants is one of the accepted methods to retard lipid oxidation and to prevent microbiological
spoilage in processed meat products.

Lycium barbarum, L. belongs to family of Solanaceae and has beneficial effects on health
because it owns a rich content. The antioxidant and antimicrobial effect of goji berry or wolfberry
(Lycium barbarum, L.) comes from its polysaccharide, flavonoid, phenolic acids and carotenoid
contents (Karakas et al., 2016). Lycium barbarum fruits, also known as Goji berries contains
polysaccharide, vitamin C, B complex, E, free amino acids, polyphenols, organic acids, its derivatives
and minerals like zinc, iron, copper, calcium, selenium (Jeszka-Skowron et al., 2017). Due to its high
antioxidant content, goji berry is known as “super fruit” and has been used as herbal medicine and
functional food in Asian countries (Amagase et al., 2011). There have been many studies on the
antioxidant activity and phenolic compounds of goji fruits (Wang et al., 2010; Ioniaca et al., 2012;
Donno et al., 2015; Jeszka-Skowron et al. 2017; Rukeya et al., 2017; Pires et al., 2018). Jeszka-Skowron
et al., 2017 reported that antioxidant activities of goji fruits were higher than all tested dried fruits. Pires
et al., 2018 found that goji berry fruits had highest phenolic contents and showed high antibacterial
activity against gram-positive bacteria. Due to its bioactive compounds and functional properties, goji
fruits can be used in food products (Pires et al., 2018).

There is no information in the literature about the preservative effects of goji berry extract on
fish and seafood products and this is the first research to indicate the application of goji berry extract as
a natural antioxidant in fish sausage. Therefore, the aim of this research is to determine the effects of
g0oji berry extract on lipid stability, sensory attributes and microbiological quality of liquid smoked
Common carp sausage.
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2. Material and Methods
2.1. Materials

Goji berry fruit extract was purchased from Xi'an Xin Sheng Bio-Chem Company. Liquid
smoke was acquired from A&D Chemical Company (Turkey) and it has Hallal and GRAS (by FDA)
certificates. Cellulose casings were purchased from the Wienie-Pak (21mmx15m, Lommel, Belgium).
Other sausage ingredients were obtained from local supermarket.

Fresh Cyprinus carpio obtained from Izmir (in Turkey) fish market were transported to the
laboratory in styrofoam boxes containing ice and they were gutted, skinned and filleted. 16 kg of fish
were used for sausage production.

2.2. Preparation of sausage

The sausage formula (Table 1) has been developed with minor modifications on formula of
Dincer and Cakli, 2010. The batter was randomly assigned into three treatment lots: Lot 1) Control (C):
without addition of goji berry extract, Lot 2) S1: 1% (w/v) goji berry extract added, Lot 3) S2: 2% (w/v)
goji berry extract added.

For each treatment, carp fillets and beef fat were minced using meat mincer (Remta 12 No) (3
mm pore size) then salt, sugar, soy protein concentrate, sodium polyphosphate, sodium nitrite, modified
potato starch, ice water, liquid smoke added to the minced meat and blended for 3 min. Afterwards,
spices were added and mixed for 3 min. Goji berry extract was added to S1 and S2 batter and blended
for 3 min. The temperature of blended common carp meat was kept below 10°C during preparation of
mixture. Sausage emulsion was stuffed into cellulose casings (21-mm diameterx15-m long) by using a
manual filler. The stuffed casings were linked in 10 cm length, and cooked at 80°C for 15 min in water
bath until the internal temperature reached 75°C. The cooked sausages were immediately cooled in ice
water. Sausages samples were put in plastic bags (low-density polyethylene (LDPE)) and stored at
2+1-C for 28 days. Lipid oxidation, sensory and microbiological analyzes were performed on 28 days
of storage. Each treatment of packed sausage was randomly taken for analyses at day 0, 7, 14, 21 and
28. All analysis were performed with two samples from each batch in duplicate.

Table 1. Ingredients and additives (%) used in common carp sausage formulations

Ingredients (C) Control S1 (1% goji berry S2 (2% goji berry extract
extract added) added)

Minced Fish 68.2 68.2 68.2
Beef Fat 5 5 5
Sunflower oil 5 5 5

Soy protein concentrate 1.80 1.80 1.80
Salt 1.50 1.50 1.50
Sugar 0.30 0.30 0.30
Ascorbic acid 0.02 0.02 0.02
Hot paprika powder 0.15 0.15 0.15
Coriander 0.15 0.15 0.15
Caraway 0.15 0.15 0.15
Sodium nitrite 0.02 0.02 0.02
Modified potato starch 1.90 1.90 1.90
Sodium polyphosphate 0.20 0.20 0.20
Liquid smoke 0.50 0.50 0.50
Goji berry extract - 1 2
Ice/water 15.2 14.2 13.2

2.3. Chemical analysis
TBA (Thiobarbituric acid) value used in the determination of lipid oxidation were analyzed

according to method of Tarladgis et al., 1960 and expressed as mg of malondialdehyde (MDA)/kg of
samples.
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The amount of total volatile basic nitrogen (TVB-N) value was determined according to Varlik
et al., 1993. The amount of TVB-N of samples were calculated as mg N/100 g common carp sausage.

2.4. Microbiological analysis

25 g of sample was taken aseptically from each group and homogenized with 225 mL of
sterilized peptone water (BPW, Oxoid Ltd., Basingstoke, Hampshire, UK) for 2 min in stomacher. Other
decimal dilutions (from 10! to 10°) were prepared this dilution and plated in the appropriate medium.
Plate Count Agar (Merck, incubation at 30°C for 3 days) was used for determination of total aerobic
mesophilic bacteria (TAMB) (ICMSF, 1986).

Mold and yeast were determined using Yeast Extract Glucose Chloramphenicol Agar. Plates
were incubated at 22°C for 5 days (Harrigan and McCance, 1976).

Staphylococcus aureus were determined using Baird—Parker Agar (Oxoid, incubation at 37°C
for 1 day then catalase test was carried out). Coliform groups were determined using Violet Red Bile
Glucose Agar (Oxoid, incubation at 37°C for 24 h) (Halkman, 2005). All microbiological results were
expressed as log CFU/gram.

2.5. Sensory analysis

Sensory evaluation of the control and goji berry extract added sausages (1% and 2%) was
performed by 6 untrained panelists in different ages. The cellulose casings of sausages were removed,
were sliced into 4 mm thick pieces, were placed on a white plastic dishes and served at room
temperature. Three pieces of each sample were served for evaluation of color and aroma attributes (ISO,
1993; IS0, 2008).

Assessment was made using five-point scale. On this scale: 5- very good; 4-good; 3—normal;
2-bad; 1-product unacceptable ((Kurtcan, 1987).

2.6. Statistical analysis

Statistical analysis of data was conducted using SAS software (SAS Institute Inc., Cary, NC,
1999). Analysis of variance (ANOVA) was performed and Duncan test was used to evaluate the
significance of differences between mean values.
3. Results and Discussion

3.1. Thiobarbituric acid (TBA) content

Table 2. Thiobarbituric acid (TBA) value (mg MDA/kg) of common carp sausage treated with goji berry

extract
Storage Time Treatments
(days) Control S1 S2

0 0.49*A+0.34 0.51*4+0.03 0.49*A+0.03
7 0.84%8+0.04 0.8128+0.07 0.56°+0.08
14 1.39%¢+0.16 1.272¢+0.42 0.85°¢+0.08
21 2.21%P+0.10 1.85°°+0.06 1.40°P+0.10
28 3.48%F+0.09 2.47°E+0.12 1.79°E+0.04

a-c: Means within each row with different letters are significantly different (p<0.05)
A-E: Means within each column with different letters are significantly different (p<0.05)
Sample denomination: C: control; S1: (1% goji berry extract added); S2: (2% goji berry extract added)

TBA value of common carp was found 0.42 mg MDA/kg. Table 2 shows the effect of goji berry
extract addition on lipid oxidation of common carp sausages during storage period. The initial TBA
values of control, S1 and S2 group were determined as 0.49, 0.51 and 0.49 mg MDA/kg of sample,
respectively. At the beginning of the cold storage, there were no significant differences between goji
berries extract added common carp sausages and control samples. TBA values of all groups increased
during storage period (p<0.05). S2 group showed lowest TBA value than control and S1 group on each
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of the sampling days (p<0.05). As the concentration level of extract increases, the TBA value decreased.
During 14 days of storage, there was no significant difference between control and S1 group. By the 21
days of storage, significant differences were observed among all groups (p<0.05). At the last stage of
storage, TBA values of control, S1 and S2 groups were determined as 3.48, 2.47 and 1.79 mg MDA/kg
of sample, respectively. Addition of goji berry extract retarded lipid oxidation in common carp sausages
during 28 days of storage. TBA values demonstrated that goji berry acted as a natural antioxidant in
common carp sausage. Its antioxidant activity and its protective effect come from large content of
polysaccharide, flavonoid, phenolic acid and carotenoid of goji berry. Flavonoids may act as hydrogen
donators, radical scavengers and metal chelators (Pedro et al., 2018). Our results are in agreement with
that of Kulkarni et al., 2011, Sojic et al., 2017 and Coban et al., 2018. Kulkarni et al., 2011 found that
addition of grape seed extract reduced lipid oxidation in sausage samples. Sojic et al., 2017 reported that
Juniperus communis L. essential oil added samples showed lower TBA values compared with control
samples. El-Zainy et al., 2016 found that grape seed polyphenols extract added sausage samples showed
lowest TBA values. Coban et al., (2018) found that lowest TBA values were measured in 1% propolis
extract added smoked common carp (Cyprinus carpio) sausages during 9 weeks of storage.

3.2. Total volatile basic nitrogen (TVB-N) content

Table 3. TVB-N content (mg/100g) of common carp sausages treated with goji berry extract

Storage Time Treatments
(days) Control S1 S2
0 10.18%4+0.16 10.1124+0.08 10.18%4+0.21
7 14.72%8+0.42 14.19%8+0.05 11.24°4+0.17
14 18.60%+0.42 17.03°¢+0.07 14.80°3+0.11
21 24.35%0+0.27 20.90°°+0.28 18.19°¢+0.14
28 31.06%+0.79 25.23%+0.16 21.21°P+0.32

a—c: Means within each row with different letters are significantly different (p<0.05)
A-E: Means within each column with different letters are significantly different (p<0.05)
Sample denomination: C: control; S1: (1% goji berry extract added); S2: (2% goji berry extract added)

TVB-N content of carp sausages during 28 days of storage are shown in Table 3. At day 14,
there was a significant difference among the samples (p<0.05). 2% goji berry added common carp
sausages increased more slowly than control and 1% goji berry added common carp sausages through
the storage period.

As shown in Table 3, TVB-N production increased in all groups throughout the storage period
at +2°C=1. The increase in TVB-N values of all groups may be the result of removal of free amino acids
and breakdown of nucleotides by autolytic enzymes and microbial activity (Ocano-Higuera et al., 2012).

The lowest TVB-N content were noticed in S2 group during 28 days of storage (p<0.05). At day
28, the highest value of TVB-N was recorded in control group that reached to 31.06 mg TVB-N/ 100g
sample and then spoiled. Goji berry extract added sausage samples for both concentrations did not
exceed the acceptable limit value of 30 mg muscle TVB-N/100 g Gokoglu et al., 1998 at day 28.
Similarly, Coban et al., 2019 reported propolis extract added smoked carp sausages had lowest TVB-N
values during 9 weeks of storage at 2°C and TVB-N values of all groups did not exceed the acceptable
limit value.
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3.3. Microbiological analysis

Table 4. Effect of goji berry extract addition on TAMB (log cfu/g)
of smoked common carp sausages stored at +2°C+1

Storage Time Treatments

(days) Control S1 S2
0 2.55%4+0.17 2.264+0.09 2.264+0.09
7 3.44%8+0.07 3.44%8+0.10 2.89%B+0.11
14 4.81%+0.25 4.03°¢£0.16 3.26°+0.09
21 5.78*°+0.14 5.67°°+0.14 3.63°P+0.21
28 6.97*5+0.11 6.07°6+0.15 4.29°P+0.13

a—c: Means within each row with different letters are significantly different (p<0.05)
A-E: Means within each column with different letters are significantly different (p<0.05)
Sample denomination: C: control; S1: (1% goji berry extract added); S2: (2% goji berry extract added)

Total aerobic mesophilic bacteria (TAMB) of different common carp sausages during 28 days
of storage at +2°C=1 are shown in Table 4. The TAMB of control and goji berry extract added common
carp sausages increased significantly (p<0.05) during 28 days of storage at +2°C+1. The lowest increase
was shown in 2% goji berry extract added samples.

The initial TAMB of control group was 2.55 log cfu/g common carp sausage and increased to
6.97 log cfu/g common carp sausage at the end of the storage period. TAMB of S1 and S2 group were
2.26 log cfu/g common carp sausage at the beginning of storage and increased to 6.07 and 4.29 cfu/g
common carp sausage, respectively. TAMB of goji berry extract added common carp sausages were
lower than control samples during storage period. Goji berry extract was very effective in inhibiting the
growth of bacteria. Our results are similar with Coban et al., 2019. They found that propolis extract
added carp sausages showed significantly lower total acrobic mesophilic bacteria (TAMB) count when
compared to control samples during 9 weeks of storage.

Yeast and mold counts, coliform groups were not detected in all samples. In this work, we found
Staphylococcus aureus count smaller than 1 log cfu/g. The value of Staphylococcus aureus was within
the limit of 3 log cfu/g recommended by Purba et al., 2014 in good manufacturing practices.

3.4. Sensory analysis
Sensory analysis is a method of assessing the quality of a product by using the sensitivity of the

human senses (Purba et al., 2014). The results of sensory (color and aroma) evaluation of goji berry
extract added common carp sausages are seen in Figure 1.

W Control S1 mS2 m Control S1 mS2
5,00 5,00
4,50 @ 2450
o 390 S 2%
Q 5
o 300 @ 300
Q 2,50 © 2,50
2,00 £ 2,00
= ’ 1,50
o 130 © 100
s i % 0%
0,00 0,00
0 7 14 21 28 0 7 14 21 28
Storage period (days) Storage period (days)
a b

Figure 1. Changes in color (a) and aroma (b) scores of goji berry extract added common carp sausages
Control: without extract, S1: 1% goji berry extract added, S2: 2% goji berry extract added.

Color and aroma scores of all groups significantly decreased during 28 days of storage (p<0.05).
Significant differences were found in goji berry extract added fish sausages (p<0.05). Highest color
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score was found in S1 group when compared to control and S2 groups (p<0.05). In fact, the acceptance
of fish products could be related to cultural factors so S2 group can get the best acceptance in different
countries and even in different regions of the country (Oliveira Filho et al., (2010).

Addition of goji berry extract caused partially redness in common carp sausage samples
depending on concentration. Sojic et al., 2017 reported that batches produced with the Juniperus
communis, L. essential oil addition were darker and redder compared to control. Magsood et al., 2012
found that addition of kiam wood extract to the fish emulsion sausages caused an increase in redness
during 20 days of refrigerated storage. As shown in Figure 1 (a, b), S1 showed the highest aroma scores
at days 7, 14, 21 and 28. Decreasing of sensory scores with an increasing of storage time were also
reported by Oliveira Filho et al., 2010; Choi et al., 2016 and Coban et al., 2018. Coban et al., 2018 found
that aroma scores of sausages supplemented with propolis extract were decreased during storage period.
At 28™ day, the control group was unsuitable for human consumption due to its soft texture and its bad
aroma. This was also demonstrated by the chemical and microbiological analysis measurements during
storage time.

4. Conclusion

According to our results, addition of goji berry extract to liquid smoked fish sausages retarded
lipid oxidation as indicated by lower TBA values and lower TVB-N values. Goji berry extract prolonged
the shelf life of liquid smoked fish sausages for 7 days and it can be used as a natural antioxidant and
antibacterial agent to inhibit the quality loss of common carp sausages.

Goji berry extract could be added to common carp sausage but to keep good overall sensory
acceptance, the suitable rate of goji berry extract in sausages should be 1%.
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Oz: Gelisen diinyada hizla artan niifus kentsel alan ihtiyacini arttirmis ve
tarimsal arazileri daha ¢ok tehdit eder hale gelmistir. Adana ili 19. ylizyilin
sonlarinda Cukurova’nin tarima agilmasiyla daha sonra da sanayilesme ve
kirsaldan kente goglerin devam etmesiyle, son 30 yilda 5 kat biiylime
gostermigtir. Adana ilinin Mustafalar kdyiindeki bu ¢alismada, karar vericilerin
artan kentsel alan ihtiyaglarini karsilarken, dogal kaynaklar1 koruyarak, ideal
arazi kullanim sekillerine uyabilmeleri igin, altlik olarak kullanabilecek, detayli
toprak etiitleri ve arazi degerlendirme galigmalari yapilmistir. Mustafalar koyii
ve ¢evresinde 1.732 hektarlik alanda gergeklestirilen ¢aligmada, 8 farkli toprak
serisi tespit edilmis ve bu toprak serileri Toprak Taksonomisine gore Alfisol,
Inceptisol ve Entisol ordolarinda smiflandirilmigtir. Calisma alaninda yapilan
analizler ve tanimlamalar sonucunda; topraklarin %71.67’sinin Kiregli ve ¢ok
kirecli (%7-25), %50’den fazlasinin ince biinyeli kil tekstiirde, % 61’inin s1
derinlikte (0-30 cm), ve %48’inin egimli veya ¢ok dik egimli (%12+) oldugu
belirlenmistir. Yapilan toprak etiid-haritalama ve degerlendirme c¢alismalari
sonucunda da; Detayli Temel Toprak Haritasi, Arazi Yetenek Siiflamasi
Haritas1, 5403 Sayili1 Toprak Koruma ve Arazi Kullanimi Kanunu (TKAKK)’na
gore siniflama Haritas1 ve Potansiyel Kullanim Haritasi olusturulmustur.
Olusturulan bu haritalardan ¢aligma alaninda en fazla %55 oranla VI. sif
araziler bulunurken yine bu alandaki arazilerin TKAKK’ ya goére %84’
Marjinal Tarim Arazisi, %11°i Mutlak Tarim Arazisi ve %5°1 Tarim Dis1 Arazi
olarak siniflandirilmistir. Ayrica Mustafalar kdyii ve c¢evresinde gelecek
yillardaki 3 agamali arazi kullanimi1 6nerisi haritalar1 olusturulmustur.
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Abstract: In the developing world with the rapidly increasing population, the
need for resettlement area has increased and the agricultural land has become
more threatened. Because of beginning irrigated agriculture in the Cukurova
plain in the late 19th century, with continued industrialization and rural-urban
migration, Adana has grown in population 5 times in the last 30 years. This
study, carried out in the village of Mustafalar in Adana province, detailed soil
surveys and land evaluation studies were for development of master plans.
Mustafalar village and surrounding areas, covers an area of 17 320 decares. 8
different soil series were described in the survey area and these soil series were
classified according to Soil Taxonomy as Alfisol, Inceptisol and Entisol. As a
result of soil survey and mapping studies; Detailed Basic Land Map, Land
Capability Classification Map, Agricultural Land Classification Map according
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to Law No. 5403 on Soil Protection and Land Use and Potential Usage Map of
the study area have been created. In the survey area, according to Land
Capability Classification 1V. and VI. Class land are covering %77 of the total
land, according to Law No. 5403 on Soil Protection and Land Use, Marginal
Agricultural Land rate was found % 50 and Non-Agricultural Land rate was
found % 42. In addition, 3 level maps of land use proposals for the next years in
the village of Mustafalar and surrounding areas were created.

" Yuksek Lisans Tezinden tiiretilmistir.
1. Giris

Diinya 20. yiizyildan bu yana hizli bir sekilde niifus artis1 yasamaktadir. 1950 1i yillarin ilk
yarisina kadar yaklasik 2.7 milyar olan diinya niifusu gliniimiizde 7,4 milyar1 ¢oktan gegmis hatta 2050
yilina kadar bu rakamin 10 milyar1 bulmas1 tahmin edilmektedir (Worldometers, 2016). Ozellikle 20.
ylizyilin son 20 senesinde diinya niifusu en fazla yiikselisi gostermistir. Artan niifusla birlikte
ihtiyaglar ve talepler de ayni sekilde her gecen giin artmakta ve bunlar da ¢esitli sorunlar1 beraberinde
getirmektedir. Gelismis ve gelismekte olan iilkelerde hizla ilerleyen sanayilesme, giderek azalan ve
yok olma tehlikesi ile karsi karsiya kalan diinyamizin dogal kaynaklar1 ve biitiin bunlarin yaninda
katlanarak artan diinya niifusu, gelecek konusunda ¢evresel endiseleri arttirmaktadir. Dogal kaynaklar
uUzerindeki insan baskisini azaltmak ve dogru arazi kullanimini tekniklerini tanimlamak i¢in, bilimsel
esasli arazi degerlendirme c¢alismalariin yuritilmesi gereklidir (AbdelRahman ve ark., 2016).
Topragin korunmasi, strdirulebilir kullanilmast ancak dzelliklerinin iyi belirlenmesi, haritalanmasi ve
veri tabani olusturulmasi ile birlikte gerekli planlarin uygulanmasiyla mimkin olacaktir (Topgu,
2012). Cinkii toprak ve arazi Ozelliklerinin detayli olarak tanmimlanmasi siirdiiriilebilir arazi
yonetimlerinin temelidir (Celik A., Akca E., 2017).

Toprak kaynaklarina olan ihtiyaclarin artmasi diinyadaki bir¢ok iilke topraklarimi detayli
olarak haritalayarak, topraklari yeteneklerine gore kullanma geregini dogurmustur (Cullu, 2012).
Ihtiyaclarin giderek artmasi ve gesitlenmesi sonucunda kaynaklar {izerinde olusan baski, yanls arazi
kullanimin1 da beraberinde getirerek, arazi varliklarinin tahrip edilmesine ve yoksulluk basta olmak
iizere ¢ok cesitli sosyal problemlerin yasanmasina zemin hazirlamaktadir (FAO, 1976).

Ulkemizdeki 5403 sayili Toprak Koruma ve Arazi Kullanim Kanunundaki bazi acikliklar
arazilerin dogru sekilde kullanilmasi konusunda eksikliklere sebebiyet vermektedir. Bu yiizden en
verimli araziler yerlesim alam ve sanayi alami olarak kullanilmakta, 6te yandan da ormanlar ve
meralardan tarlalar agilarak tarim alam kazanilmaya ¢aligilmaktadir (Akten, 2008). Arazi kullanimin
kararlarinin dogal kaynaklara kalici zararlar vermeyecek sekilde alinabilmesi icin arazi kullanim
planlariin yapilmasi ve uygulamaya konulmasini gerektirmektedir (Senol, 2010). Bdylesi plansiz bir
sekilde devam eden ve tehditlere agik olan bir sistemin uzun Omiirli ve siirdiriilebilir olmasi
diisiiniilemez.

Topragin vazgecilemez ve sinirh iiretim faktorlerinden biri olmasi nedeniyle tarim dist
kullanimlarinin onlenebilmesi i¢in, topraklarimizin yetenek ve niteliklerinin belirlenmesi, Arazi
Kullanim Planlamasinin yapilmasi bir zorunluktur (Topgu, 2012). Ayrica mevcut toprak haritalar
gozden gegirilerek, tilkemizdeki biitiin tarim arazilerine yonelik Arazi Kullanim Planlarinin ivedilikle
hazirlanmas1 gereklidir. Hizli ve kontrol dis1 kentlesmenin tarim arazilerini tehdit etmeye basladigi
alanlarda geri doniisiimii olmayan arazi kullanimlarinin olusmamasi adina tarimsal nitelikli, mera ve
orman alanlarin korunmas: siirdiiriilebilir bir arazi yénetimi icin dnemlidir (Yakar, 2013). Ulkemizde
kentsel alanlarda arazi kullamimlari, imar planlar1 ile belirlenmekte ve buna gore uygun araziler
olusturulmaktadir. Hangi alanlar konut alanlari, hangi alanlar kamu tesis alanlari, nereler yol ve yesil
alanlar bu planlarla belirlenmektedir. Ancak planlama asamasinda plana esas veri eksikliginden
kaynakli ideal planlar olusturulamamaktadir (Yakar, 2013)

Iste bu ¢alismada, sehirlesmenin ve sanayi kuruluslarinin, kontrolsiiz bir sekilde tehdit etmeye
basladigi, mera, orman ve tarimsal arazilerin yogun olarak bulundugu, Adana ilinin Sarigam ilgesine
bagli Mustafalar kdyii ve c¢evresinde detayli toprak etiit — haritalama ve arazi degerlendirme
caligmalar1 yapilmigtir. Yereldeki karar vericilerin arazi kullanimi hakkinda alacaklar1 karalarda, elde
edilen bu bilgileri altlik olarak kullanmalar ¢aligma alani i¢in en dogru kullanim kararlarini1 almalari
amaglanmistir.
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2. Materyal ve Yontem
2.1. Materyal

Calisma Adana iline bagli Sarigam ilg¢esinin 3707°57.31” ve 3705°44.45” kuzey enlemleri ve
35029°17.62” ve 35032°8.97” dogu boylamlar1 arasinda kalan alanda gerceklestirilmistir (Sekil 1).
Caligma Mustafalar koylinlin gelecekteki biiylime potansiyeli dikkate alinarak Mustafalar kdyii ve
cevresindeki 1 732 ha’lik alanda yiirtitiilmistiir.

Calismada altlik kartografik materyal olarak 17.08.2014 tarihli Quickbird uydu goérintileri ve
SPOT-5 uydusunun Google Earth uygulamasindaki gortntileri kullamlmistir. Bununla beraber,
calisma alanina ait Harita Genel Komutanligindan elde edilen 1:25.000 o6lgekli standart topografik
harita, Maden Tetkik Arama Enstitiisi’nden (MTA) elde edilen 1:25.000 6lgekli jeoloji haritasi ve
Adana Meteoroloji Bolge Miidiirliigiinden alinan iklim verileri kullanilmistir. Ayrica K6y Hizmetleri
Genel Miidiirliigii tarafindan yapilmis olan Adana Ili Arazi Varh@ Raporu da (Tarim Orman ve
Koyisleri Bakanligi, 1996) diger yardimci kartografik materyal olarak kullanilmustir.

Calisma Alani
Cografi Konumu

Sekil 1. Calisma alani cografi konumu.

Mustafalar kdyii, Adana ilinin kuzeydogusunda, il merkezine 20 km ve Saricam ilgesine 12
km uzaklikta bulunmaktadir. Calisma alaninda Mustafalar koyliniin yani sira Kizilkas, Kiligl,
Aydinyurdu, Yeniyayla, Gokbuket koylerinin bir bolimii yer almaktadir. 1 732 ha’ lik ¢aligma
alaninin 55 ha’ 1 tarim dis1 (yerlesim yerleri, kamu tesisleri, 6zel tesisler vb.) arazilerden olusmaktadir.
Caligma alaninda Bugday, Arpa, Turuncgiller, Nar ve Zeytin yetistiriciligi yapilan 6nemli tarimsal
uriinlerdendir. Calisma alaninda toplamda yaklasik 425 ha ¢gam ormanin yani sira yaklagik 21 ha kadar
kiiltiire alinmig zeytin bahgesi bulunmaktadir. Bunlarin disinda kalan 1 230 ha’ lik alan ise diger
tarimsal faaliyetlerin bulundugu alanlar olarak kullanilmaktadir. Calisma alaninda tipik Akdeniz
Iklimi hiikiim siirmektedir. Yagislarin yaris1 kis aylarinda diger yaris1 da ilkbahar ve sonbaharda
gorilmektedir. Yaz aylarinda 2-3 ay yagis diismemektedir. Calisma alani toprak nem rejimi Xeric
olarak belirlenmistir. Yillik ortalama toprak sicakliginin 50 cm derinlikte 21.1°C olmasi nedeniyle
toprak sicaklik rejimi Thermic olarak belirlenmistir. MTA’dan elde edilen verilere gore 2 farkli
jeolojik yapr bulunmaktadir. Alansal dagilim olarak en fazla goriilen jeolojik yapi pliyosen yasta
karasal kirintilardir. Calisma alanindaki diger jeolojik yapi ise kuvarterner yasta travertenlerdir.

2.2. Yontem
Calisma alan1 temel toprak haritasinda, haritalama tnitesi olarak, toprak serileri ve bu toprak
serilerinin {ist toprak tekstiirli, egim, taslilik, derinlik fazlar1 esas alinmistir. Haritalama iinitesi olarak

toprak serilerinin se¢ilmesinin nedeni dogal toprak siniflama sistemi icerisinde toprak serilerinin tiim
karakteristiklerinin benzersiz bir varlik olarak kapsanmasi ve topraklarla ilgili butin yorumlamalara
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olanak vermesidir. Aragtirma alaninda yapilan temel toprak etiit ve haritalama caligmasinda ii¢
asamada gergeklestirilmistir. 1. Biiro Calismas1 olarak adlandirilan ilk asamada temel kartografik
materyal olarak Quickbird uydu goérinttleri kullanilmig, bu gorintiilerin cografi diizeltmesi yapilmis,
siniflandirilmig, ¢aligma alant sinirlar arazi gozlemleri ile dogrudan uydu goriintiisii iizerine
aktarilmistir. Gegici toprak smirlarini ¢izmek i¢in farkli yeryiizii sekillerinin belirgin bir sekilde
ayrilabildigi, arazi ve uydu goriintlisii yorumuna dayanan fizyografik analiz yontemini secilmistir.
Ayrica bu asamada ¢aligma alaninda var olan farkli toprak serilerini temsil edebilecek yerlerden, yeter
sayida profil ¢ukurlarinin (nokta) yerleri belirlenmistir. 1. Arazi ¢aligmasi olarak isimlendirilen bu 2.
asamada belirlenen noktalarinda bir kazici yardimiyla toplamda 11 adet profil gukurlari agilmis
bunlardan 8 tanesi farkli toprak serisi olarak tanimlanmistir. Tanimlanan her bir profil ¢ukuru horizon
esasina gore seri diizeyinde Soil Survey Staff (1994)’ e gore tanimlanarak isimlendirilmistir. Birinci
arazi ¢aligmalar1 asamasinda haritalama lejant1 hazirlanmis, toprak serilerinin olasi yayilim alanlar1 da
gOzetilerek lejant icin gerekli olabilecek bilgiler toplanmistir. Toprak serilerinden horizon esasina gore
alinmis toprak Omnekleri analize hazirlanarak fiziksel ve kimyasal analizler i¢in laboratuvara
taginmistir. Toprak pH’s1t 1:2,5 toprak:saf su karisimindan pH metre ile (Nesmith, 1972), EC
hazirlanan saturasyon ¢amurundan elektriksel iletkenliginin &lgiilmesiyle (U.S. Salinity Laboratory
Staff, 1954), organik madde Allison (1965)’a gore, katyon degisim kapasitesi ve sodyum asetat
ekstrasyonu yontemi ile (U.S. Salinity Laboratory Staff, 1954), kire¢ Scheibler kalsimetresi ile
(Schlichting ve Blume, 1966) ve toprak tekstiirii Bouyoucos (1952) tarafindan esaslar1 belirlenen
hidrometre yontemi ile belirlenmistir.

Ucgiincii ve son asamada ise, siniflandirilmis uydu goriintiileri iizerine yorumlama ile cizilen
farkli toprak seri ve faz sinirlari, arazide en fazla 400 metre araliklarla 120 cm derinlige kadar toprak
burgusu kullanilarak kontrol edilmistir. Arazi calismalar1 sonucunda kartografik mateyaller {izerine
sinirlar ¢izilmis ve sinirlar igerisindeki kalan alanlar1 tanimlayan haritalama birimleri ArcGIS yazilim
yardimiyla bilgisayar ortamina aktarilmistir. Bu aktarimda altlik olarak kullanilan Quickbird uydu
verisi iizerine, toprak ozelliklerini tanimlayan 327 adet haritalama birimi ¢izilmistir. Tespit edilen
toprak serileri diinyada yaygin olarak kullanilan Toprak Taksonomisi (Soil Survey Staff, 2014) ve
FAO/UNESCO Diinya Toprak Haritas1 Lejand1 (WRB, 2014) toprak siniflama sistemleri kullanilarak
siiflamalar1 yapilmustir.

Arazi ve topraklarin smiflandirilmasi islemlerinin bir digeri de Tarim Orman Bakanligi’nin
halen uygulamakta oldugu ve 03.07.2005 tarihinde yiiriirliige giren 5403 sayili Toprak Koruma ve
Arazi Kullanimi1 Kanunu (TKAKK) na gore olan siniflandirmadir. S6z konusu bu kanunun 15.12.2005
tarih ve 26024 sayili Resmi Gazetede yayimlanmis olan uygulama yonetmeliginin 6ngdérdiigii hususlar
esas almistir. Olusturulan detayli toprak haritalar1 dogrultusunda ve Toprak Koruma ve Arazi
kullanimi Kanunu ilgili uygulama yonetmeliginin 6ngordiigii hususlara gore caligma alant Mutlak
Tarim Arazisi, Marjinal Tarim Arazisi, Dikili Tarun Arazisi ve Diger Araziler (Orman Alani, Toprak
Olmayan Alan ve Yerlesim Alani) olmak iizere siniflandirilmistir.

Bu degerlendirme ¢alismasinin yani sira yapilan temel toprak haritalar1 ve mevcut arazi
kullanim bilgileri de kullanilarak, alanin uluslararasi bir siniflama sistemi olan arazi yetenek
siniflamasi (Klingebiel ve Montgomery, 1961) haritasinda olusturulmustur. Temel toprak haritalarinin
toprak bilimi diginda uzmanlar tarafindan da yorum ve kullanimini kolaylastirmak igin topraklarin
tarimsal ve tarim dig1 amagh ¢esitli kullanimlara uygunlugunun saptandigi ve sonugta 1:25.000 6l¢ekli
Potansiyel Arazi Kullamm ve Tarimsal Kullamma Uygunluk Haritalariin hazirlandigir arazi
degerlendirme c¢alismalar1 yapilmistir. Arastirma alanmin arazi degerlendirmesi ve Ideal Arazi
Kullanim Planlamasi, FAO (1977) tarafindan arazi degerlendirme ¢aligmalarinda kullanilmak {izere
yayinlanan ilkelerin, Senol (1983), Senol ve Tekes (1995) tarafindan Tiirkiye kosullarina uyarlanmasi
sonucu gelistirilen SENOL Arazi Degerlendirme Sistemi ile yapilmistir.

3. Bulgular
Arastirma alaninda 5 ayn fizyografik birim {izerinde olusmus toplam 8 farkli toprak serisi
tanimlanmistir (Sekil 2). Bu toprak serilerinden Mustafalar, Garipge ve Saricam serileri yash deniz

teraslari, Yaylapmar ve Zeytinlik serileri vadi tabanlarinda, Cesme serisi kil tagi ana materyali
tizerinde, Kilighh serisi aliiviyal taban arazide, Kesmelik serisi marn ana materyali (zerinde
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tanimlanmiglardir. Serilerin alansal dagilimlar1 ve Soil Taxonomy ve World Referance Base (WRB)
simiflandirma sistemlerine gore hangi siniflara dahil olduklar1 Cizelge 1.’de verilmistir.

Calisma Alam
Seri Haritasi
Lejant
SERI
Cesme Seerisi
I Garipge Serisi
- Kesmelik Serisi
' Kiligh Serisi
Mustafalar Serisi
I saricam Serisi
Yaylapinar Serisi
B zeytiniik Serisi
B verlesim Alanlari
N
o 05 1 Kilomaters A
Sekil 2. Calisma alan1 seri haritasi
Cizelge 1. Calisma alani1 toprak serileri dagilimi ve smlﬂandlrmalatl
Seri Adi Alansal Dagilim Soil Taxonomy WRB
ha %
Sarigam 33.81 2.02 Calcic Haploxeralf Calcic Luvisol
Garipce 43.28 2.58 Typic Calcixerepts Haplic Calcisol
Mustafalar 1197.56 71.41 Petrocalcic Calcixerepts Haplic Regosol
Kesmelik 234.36 13.98 Calcic Haploxerepts Haplic Regosol
Yaylapinar 76.6 4.57 Typic Xerofluvent Calcaric Fluvisol
Zeytinlik 46.2 2.76 Typic Xerofluvent Calcaric Fluvisol
Cesme 20.45 1.22 Vertic Xerofluvent Calcaric Fluvisol
Kiligh 1.47 24.65 Vertic Xerofluvent Calcaric Fluvisol

Calisma alan1 topraklarinin %61.02’si ¢ok s1g (0-30 cm), %25.55°1 s1g (30-60 cm), %9.03’U
derin (60-90 cm), %1.40’1 ¢ok derin (>90 cm) olarak tespit edilmistir. Arazinin %52.15’lik kisminda
egim %0-2 arasinda iken %40.21°lik alaninda %2-6 arasinda ve %7.64’liik alanda %6’dan fazla olarak
tespit edilmistir. Ust toprak tekstiirii genellikle hafif ve orta biinyeli olmasi nedeniyle tohum
cimlenmesinde ve cikisinda sorun yaratmayacagi ongoriiliirken, %18,96 oranindaki alanda goriilen
siltli killi tin st toprak tekstiiriin bulundugu topraklarda goriilebilecek kaymak tabakasi olusumuna
dikkat edilmesi gerekmektedir. Aragtirma alani topraklarinin % 61°i en fazla 30 cm derinlige sahip
oldugundan, derin koklii bitkilerin yetistiriciligini engellemektedir. Ozellikle calisma alanm
topraklariin %48’inin egimli ya da ¢ok dik egimli oldugu da diisiiniiliirse, yanlis yapilacak olan
amenejman tekniklerinin topragin erozyonla kayip olmamasi igin dogru uygulamalar yapmak
stirdiiriilebilir iiretim faaliyetleri i¢in bir zorunluluk haline gelmistir.

Yapilan fiziksel ve kimyasal analiz sonuglarina gore; ¢alisma alani topraklarinin pH degeri
7.42-8.15 arasinda olup reaksiyonlari hafif-kuvvetli bazik arasinda degismektedir. Genel olarak
yliksek miktarda kire¢ icermesi pH degerlerinin 7’nin iizerinde Olciilmesine sebep olmustur. Ayni
zamanda bu topraklardaki pH’nin 8.5 iizerinde Ol¢lilmemesinin sebebi olarak da degisebilir Na
igeriginin yiiksek olmamasidir. Buradan hareketle ¢alisma alani topraklarinda yapilacak olan tarimsal
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iretimlerde pH’nin simirlayict bir faktor olarak yer almayacagi anlagilmistir. Kire¢ igerigi
incelendiginde, topraklarin biiyiikk cogunlugunun ¢ok yiiksek kire¢ igerigine sahip olduklari
goriilmektedir. Ortalama kireg igerigi en diisiik ( % 19.6 ) olan toprak serisi Saricam serisi, en yiiksek
olan toprak serileri ise degerleri birbirine ¢ok yakin olan Kesmelik (% 57.6) ve Zeytinlik (% 57.8)
serileri olarak belirlenmistir. Calisma alaninin biiyiik kisminda yayilim gosteren kireg igerigi yiiksek
topraklar, tarimsal liretim acisindan kirece dayaniksiz olan bitkiler ig¢in sorun olabilecek seviyededir.
Ancak ¢aligma alani igin 6nerilen arazi kullanim tiirlerinden Incir, Zeytin, Sogan, Sarimsak, Bugday,
Pamuk ve Aygigegi gibi kirece dayanikli bitkiler i¢in sorun teskil etmeyecegi ongorilmiistiir. Caligma
alaninda yer alan toprak serilerinin higbirinde 6nemli diizeyde tuzluluk sorunu tespit edilmemistir.
Organik madde igerigi % 1.06 ile % 1.90 arasinda degismektedir. Arastirma alami topraklarinda
tarimsal {iretimde fark yaratabilmek igin topraklarin organik maddece zenginlestirilmesi
gerekmektedir. Genellikle kil tekstiire sahip ¢alisma alani topraklart bazi arazi kullanim tiirleri igin
ciddi sorun olusturabilecektir. Tercih edilecek olan tarimsal iiriin ¢esitlerinin daha ¢ok agir biinyeli
topraklara adapte olabilecek iiriinler olmasma dikkat edilmesi gerekmektedir. Katyon Degisim
Kapasitesi (KDK) degerleri 11.60 me/100 gr ile 38.50 me/100 gr arasinda degismektedir. En yiiksek
KDK degerlerine, Saricam serisinin Btss horizonlarinda rastlanmistir. Calisma alaninin en ince
biinyeli toprak serisi Cesme serisi olup, bu toprak serisinde kil icerigi % 52.5 ile % 75 arasinda
degismektedir.

Yapilan arazi yetenek simiflamasi sonucunda ise %1.64°lik alan II. Simif, %10.89’luk alan III.
Sinif, %32.11°1lik alan IV. Sinif ve %55.36’lik alan VI. Sinif olarak tespit edilmistir (Sekil 3). Yapilan
arazi degerlendirmeleri sonucunda aragtirma alani arazilerinin biiylik bir bolimiiniin egimli ve/veya
toprak derinliginin s1g ya da ¢ok sig olmasindan dolay1 ¢alisma alaninin %12.54iini I1. ve III. sinif
araziler olusturmaktadir. Bu denli az miktardaki verimli alanlarda tercih edilecek olan arazi kullanim
tiirli mutlak suretle tarimsal {iriin yetistiriciligi olmalidir. Aksi halde yoredeki tiretim potansiyelinin en
yliksek oldugu topraklar uygun sekilde yonetilememis olacaktir. Yaklasik 538 ha olarak tespit edilen
IV. smif arazilerde devamli olarak ¢ayir-mera kullanimina uygundur. Bu sinif arazilerde de kismen
tarla bitkileri yetistiriciligi yapilabilecegi gibi bu iiretim modelini egim, derinlik ve kismen de taglilik
tarimsal faaliyetleri sinirlar niteliktedir. Yine bu siif i¢indeki aliiviyal taban arazilerde agir biinyeli
toprak profilleri bitki yetistiriciliginde sorun olusturabilecektir. Arastirma alaninda %55°lik bir alanda
bulunan VI. smif arazilerde egimli, erozyon riskine maruz kalabileceginden dolay1r orman veya mera
olarak kullaniminda dahi dikkat edilmeli ya da tedbirler alinmalidir.

Arazi Yetenek
Siiflamasi (AYS)
Haritasi

Lejant
AYS
B 1. sinif Arazi
Il. Sinif Arazi
V. Sinif Arazi
- V1. Sinif Arazi
- Yerlegim Alanlan

| o 05 1 Kilometers
| [ | | | | S S E— |

Sekil 3. Calisma alan1 Arazi Yetenek Siniflamasi (AYS) hartasi.
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Calismanin arazi degerlendirme c¢aligmalarindan birisi de 5403 sayili Toprak Koruma ve Arazi
Kullanim Kanuna (TKAKK) gore yapilan arazi degerlendirme ¢alismasidir. Bu ¢aligmada arazilerin
mevcut durumlart da dikkate alinarak siniflama yapilmis gelecekte yapilacak olan ¢alismalarda hangi
arazilerin hangi uygulamalar i¢in uygun olabileceginin althig1 verilmistir. Caligma alaninda TKAKK’a
gore siniflandirilmis arazilerin alanlari, toplam alana oranlar1 Cizelge 2°de ve ilgili alan dagilimlarinin
haritas1 ise Sekil 4’de verilmistir. Hali hazir orman arazilerinin ¢aligma alaninda 6nemli bir yer
(%27.3) kaplamasimin yani sira arazideki bazi toprak ve topografik sinirlamalar nedeniyle iizerinde
sadece geleneksel toprak iglemeli tarimin yapildigi marjinal tarim arazileri ¢alisma alaninin %3517ini
olusturmaktadir. Calisma bdlgesinde yapilan tarimsal faaliyetler genellikle kuru tarim ya da tek yillik
bitki yetistiriciligi oldugu i¢in dikili tarim yapilan alanlar (% 6.9) kisith kalmistir. Buna sebep olarak
da ¢alisma alanmin % 86.5’inin toprak derinliginin ¢ok si1g veya si1§ olmasidir. Ana kayanin ylizeye
¢tkmasi ya da malzeme alinmasi nedeniyle iizerinde tarimsal bir faaliyet yapabilmek icin yeterli
topragin bulunmadig1 toprak olmayan arazi miktar1 (% 1.2) ve yerlesim yerlerinin kapladig1 alanlarin
(% 3.2) heniiz ¢ok fazla olmamasi, bu araziler i¢in yapilan kullanim planlamasi g¢aligmalarinin
gerekliligini bir kez daha ortaya koymaktadir.

1

TKAKK'ya gore
Arazi Degerlendirmesi

Lejant
Mutlak Tarim Arazisi (MT)
Marjinal Tanim Arazisi (TA)
I oiili Tanim Arazisi (DT)
Il orman Arazi (0)
- Toprak Olmayan Arazi (O)
B verlesim Alanlari (H)

N
|l |l | |l |I i | 1] 05 1 Kilometers A

Sekil 4. Calisma alan1 TKAKK’ya gore arazi siniflamasi haritasi.

Cizelge 2. Calisma alaninda TKAKK’a gore siniflandirilmis arazilerin toplam alana oranlari

TKAKK Sinifi Alan (ha) Toplan Alana Orani

Mutlak Tarim Arazisi 179.8 10.4

Marjinal Tarim Arazisi 883 51

Dikili Tarim Arazisi 119.1 6.9

Diger Tarim Arazileri Orman 473.3 27.3
Toprak Olmayan 20.6 1.2
Yerlesim Alanlar 56.1 3.2

Biitiin bu c¢alismalarin sonucunda calisma alani arazileri igin gelecek yillar igerisinde
gergeklesebilecek olan niifus artist ve kentsel alan ihtiyacini kargilamak tizere 1., 2. ve 3. Asama arazi
kullanim 6nerisi haritalart olusturulmustur. Bu kullanim o6nerileri yorenin iklimsel faktorleri de goz
onlinde bulundurularak oOncelikle arazi yetenek smifi, toprak derinligi ve egim gibi 6zellikleri de
incelenerek olusturulmus bir yorum haritasi niteligindedir. Tarimsal Kullanim, Tarim Dig1 Kullanim,
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Halihazir Orman Alanlar1 ve Halihazir Yerlesim Alanlar1 olmak {izere 4 farkli arazi kullanim modeli
onerilmistir. Hali hazirdaki orman arazilerinin mutlak kosulda orman kalmasi yalnizca 6831 sayil
Orman Kanunu ve 5403 sayili Toprak Koruma ve Arazi Kulanim Kanunu kapsaminda farkli bir
kullanima izin verilmesi Onerilmistir. Ayni sekilde ¢alisma alaninda bulunan yaklagik 21 ha’lik bir
alanda bulunan Zeytinlik arazilerde ayrica degerlendirilmis, 3573 Sayili Zeytin Kanununu kapsaminda
kullanicilarin tasarrufunda olmasi 6nerilmistir.

1. Asama Arazi Kullamimi Oneri haritasinda mevcut yerlesim alanlarma ek olarak ihtiyag
olabilecek kentsel ve sanayi yerlesim alanlart igin gerekli yerler Tarim Dig1 Kullanim alani igin
onerilmistir (Sekil 5). Bu alanlar belirlenirken Egim, Derinlik, Arazi Yetenek Sinifi dikkate alinip
bunlarin korelasyonu sonucu en verimsizler Tarim Dis1 olarak dnerilmistir.

R T EEE T ERE FaTE

1. Asama
Arazi Kullanimi Oneri
Haritasi

Lejant

Tanmsal Kullanim

- Tarnim Disi Kullanim
- Halihazir Yerlesim

N

0 05 1 Kilometers A
L ]

Sekil 5. 1.asama arazi kullanimi1 Oneri haritasi.

2. asama arazi kullanimi1 Oneri haritasi 1.asamada tarim dis1t kullanilabilecegi onerilen
arazilerin tamaminin kullanilmasi ve buna ragmen tarim dis1 arazi ihtiyaglarin halen devam etmesi
durumunda kullanilabilecek bir Gneri haritasidir (Sekil 6). Bu asamada da yine bir dnceki arazi
kullanim1 oneri haritasinda oldugu gibi mevcut orman alanlarinin korunmasimin devamliligi
saglanmistir. 1.asamadaki tarimsal alan olarak Onerilen ancak topraklarin egim, derinlik ve taslilik
ozellikleri bakimindan en az yetenekli olanlarin tarim dig1 olarak kullanilabilecegi tavsiye edilmistir. 1.
asamadan fakli olarak egimi %2-6, derinligi 0-30 cm ve ylizey tashiligi %15°den az olan araziler
2.asamada tarim dis1 kullanimi 6nerilen araziler olmustur.
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2. Asama
Arazi Kullamim Oneri
Haritasi

arrnen

Lejant

- Orman

- Tarimsal Alan
- Tarim Digt Kullanim
- Halihazir Yerlesim
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N
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Sekil 6. 2. asama arazi kullanim1 6neri haritast.

3. asama arazi kullanim haritasinda da yine mevcut orman varliklari korunmak suretiyle
oneride bulunulmustur. Bu asamada 2.asamadan farkli olarak egimi %0-2 arasinda olmasina ragmen
derinligi 30 cm’den az olan topraklarin bulundugu arazilerin tarim dis1 olarak kullanilabilecegi
onerilmistir (Sekil 7). Oneri haritalarinda Tarim Dis1 Kullanim olarak siniflandirilan alanlar hali
hazirda tarimsal olarak kullanilmaktadir. Ancak ileride dogabilecek Kentsel ve/veya Sanayi alanlar
icin kullanilmas1 gereken alanlarin Oneri haritalarinda belirlenen yerler olmasina dikkat edilmesi
gerekmektedir. Aksi bir durumda yani Kentsel ve/veya Sanayi alani ihtiya¢ olmamasi halinde Tarim
Dis1 Kullanim Onerisi yapilan arazilerde hali hazir kullanimlarinin devam etmesinde higbir sakinca
bulunmamaktadir.

T Py T T T

T
I |

— |
F

- AT

3. Asama
Arazi Kullanimi Oneri
Haritas:

Lejant

- Orman

. Tanmsal Kullamm
| Tanm Digi Kullanim

- Halihazir Yerlegim

Sekil 7. 3.asama arazi kullanimi &neri haritasi.
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4. Tartisma ve Sonug¢

Adana ilinin sulu tarima agildig1 siireden bu zamana kadar ki gegen siirecte tarimsal verimliligi
yiiksek olan bircok arazi yerlesim alani veya sanayi alam olarak, bircok mera ve orman alam ise
tarimsal alana dondstiirilmistiir. Verimli tarim alanlarinin daralmasiyla basta dogal tahribat olmak
iizere, ¢evre kirliligi ve alt yap1 sorunlarina da neden olmaktadir. Tarim arazilerinin bu derece hizli bir
sekilde tahrip oldugu Adana ilinde geride kalan verimli arazileri dogru bir yonetim sekliyle gelecek
nesillere miras birakilabilmelidir. Yapilan bu calismada Adana’da giiniimiizde kentsel gelisimin
yoOneldigi alanlarin igerisinde bulunan Sarigam ilgesine bagli Mustafalar kdylinde detayli toprak etiit —
haritalamasi1 yapilarak ideal ve potansiyel arazi kullanim planlar1 olusturulmustur. Bu planlamalar
dogrultusunda gelecege yonelik planlamalara altlik olabilecek tematik haritalar iretilerek yeni
kullanim yontemlerinin gelistirilmesi {izerinde énemli bulgular elde edilmistir. Halihazir haritalar ve
TKAKK siniflandirmasi sonrast olusan haritalarinin karsilastirilmasi sonucunda héalihazir haritada
tespit edilen Orman ve Tarimsal alanlar TKAKK’ nun 6nerdigi orman ve tarimsal alanlardan ¢ok daha
fazladir. Bu da etiit alaninda heniiz tarimsal alanlarin yerini kentsel alanlarin, ormanlarin yerini de
tarimsal alanlarin almadigini gostermektedir. Bu sebeple kentlesme ve sanayilesme potansiyeli yiiksek
olan Mustafalar kdyiinde arazi kullanim oOnerileri dikkate alinmali, araziler maksimum fayday1
saglayacak sekilde ve yetenegine uygun olarak yonetilmelidir.
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in and around Mardin. The aim of this research to determine the antifungal and
antibacterial effects of traditionally used dooder is known as a regional folk
remedy. Thus and so, the efficacy of the drug has been demonstrated by the
inclusion of natural therapeutic antimicrobial agents such as anti-inflammatory
and wound healing, including infectious diseases. The antimicrobial effects of
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Keywords these plant was analyzed against bacteria, yeast and dermatopyta fungi by the
Agar disc diffusion method, agar disc diffusion method. The nominal concentration of the plant to prevent
Antimicrobial effect, from the development of microorganisms was detected with the broth
Dodder, microdulitions method. It was determined that it had sensitive and moderately
Pathogen microorganisms, sensitive antimicrobial effect against all of microrganisms (13-19.66

The broth microdilution. mmn/inhibition zone), growth of tested microrganisms were inhibited at 50-6.25

pL.It is though that this natural herbal resource can light the way for treatment
of several diseases and direct the next studies because of having the potential for
being used as a new antimicrobial agent.

Tiirkiye'de Mardin flindeki Annelerin ve Yenidogan Bebeklerin Sarilik Tedavisinde
Kullanilan Kiiskiit'iin (Cuscuta campestris) Antifungal ve Antibakteriyel Etkileri

Makale Bilgileri Oz: Kiiskiit, Mardin ve gevresinde yeni dogan bebeklerde hepatit tedavisi igin
) kullanilan bir bitkidir. Bu arastirmanin amaci yoresel bir halk ilaci olarak
Gelis: 17.08.2019 bilinen ve geleneksel olarak kullanilan kiiskiit'in antifungal ve antibakteriyel

Kabul: 11.12.2019
Online Yaymlanma 31.12.2019
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etkisini tespit etmektir. Bdylece, enfeksiy6z hastaliklar dahil anti-enflamatuar ve
yara iylestirici gibi dogal terapdtik antimikrobiyal ajanlarin dahil edilmesi ile
s6z konusu ilacin etkinligi ortaya konmustur. Bu bitkinin antimikrobiyal etkileri

Anahtar kelimeler agar disk difiizyon yontemi ile bakteri, maya ve dermatofit funguslara kars:
Agar disk diffizyon metod, analiz edilmistir. Bitkinin mikroorganizma gelisimini engellemek icin en diisiik
Antimikrobiyal etki, konsantrasyonu, broth mikrodilusyon metodu ile tespit edilmistir. Kiiskiit
Kiiskiit, bitkisinin; tiim mikroorganizmalara kars1 gii¢lii ve orta diizeyde antimikrobiyal
Patojen mikrooranizmalar, etkiye sahip oldugu (13-19.66 mm/inhibisyon zonu), test mikroorganizmalarinin
Broth mikrodilisyon. bilyiimesini 50-6.25 pL de inhibe ettigi tespit edilmistir. Bu dogal bitkisel

kaynagim, yeni bir antimikrobiyal ajan olarak kullanilma potansiyeline sahip
olmasi nedeniyle daha sonraki ¢aligmalart yonlendirmesi ve ¢esitli hastaliklarin
tedavisine 151k tutacagi diisiiniilmektedir.
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1. Introduction

Medicinal plants in rural areas of developing countries, continued to be used as a primary
source of medicine for human diseases (Palombo, 2009). While the various plant species are called by
similar local names in different regions of Turkey, the same plant species are entitled by the different
names. “KUSKUT (IKSUT)” or “’Dodder’” plant that has become like a part of the culture in and
around Mardin is one of the quintessence.

This plant drug is used for liver diseases and hepatitis treatment of mothers and newborn
infants; it also has identified by the culture and region mentioned. Much as the source of this drug that
is benefited with intent to healing by herbalists and spice-sellers has become a research object for a
long while, it is impossible to define the plant whose a powder dried part can be able to be obtained
only. It was found at the end of the studies that this related fabulous plant is the Dodder (Cuscuta spp.)
which is a parasite plant (Sekeroglu and Koca, 2012).

According to Turkish Dictionary of Plant local names called in our country by dodder plant
are as follows: Bostanbozan, Canavarotu, Bagbozan, Cinsagi, Eftimon, Gelinsa¢i, Kizil sarmasik,
Kiiskiit and Seytansaci (Baytop, 1997).

It is proved by studies that due to its components, C. campestris (dodder) is effective on atopic
dermatitis (Choopani et al., 2016); also effective on some of plant-pathogen fungus (Sin et al., 2011);
has anticancer effect (Behbahani, 2014; Noureen et al., 2019); has analgesic, hypothermic,
antiinflammatory, anti proliferative effect (Agha et al., 1996; Ghule et al., 2011; Lee et al., 2011);
includes beneficial pharmacologically active markers such as kaempferol, bergenin and gallic acid
(Singh and Shailajan, 2016). Moreover, C. pedicellata Ledeb has an antibacterial effect against
isolates of Xanthomonas campestris that is isolated from unhealthy fruits (Amna et al., 2014); 24
different types of Cuscuta include different phytochemical components for the development of new
herbal medicines (Ahmad et al., 2017).

However, it was determined that Cuscuta species had hepatoprotective and antioxidant
activities (Koca-Caliskan et al., 2014a; Koca-Caliskan et al., 2014b; Koca-Caliskan et al., 2018).

It is also determined by studies that C. reflexa has an antibacterial and antifungal effect on
Staphylococcus aureus, Staphylococcus epidermidis, Pseudomonas aeruginosa, Escherichia coli,
Bacillus subtilis, Bacillus licheniformis and Aspergillus niger, Trichoderma ressei (Anjum and Khan,
2003; Summit et al., 2010). While extracts of C. racemosa including ethanol has partially effective on
S. aureus, the same material has no antibacterial and antifungal impact on E. coli, P. aeruginosa,
Candida albicans and A. niger (Ferraz et al., 2010). While extracts of C. australis are effective on E.
coli, S. aureus, P. aeruginosa, the same extracts do not display an antimicrobial effect on E. coli, S.
aureus, P. aeruginosa (Okiei et al., 2009).

Due to the development of resistant bacterial strains, there is an increase in the number of
papers published on antimicrobial activity of plant extracts or different mixtures of plant extracts
(synergistic effect) (Akyliz et al., 2012; Kirbag et al., 2013; Erecevit and Kirbag, 2017a; Erecevit and
Kirbag, 2017b; Kiigiikgiil Giileg et al., 2014). Additionally cutaneous fungal infections induced by
Trichophyton, Microsporum and Epidermophyton are among the most important unsolved global
public health problems. Therefore, there is a need to discover new treatment alternatives (Badali et al.,
2015).

In the previous studies, antifungal effects against dermatophyte fungi of Cuscuta campestris
(dodder) have not been reported. For our knowledge, this is the first investigation on the evaluation of
antibacterial and especially antifungal activities against Trichophyton sp., Epidermophyton sp. on
methanolic extracts of this species. Moreover, due to its antimicrobial characteristics, is essential in
terms of curing several diseases which threaten the human health including “’tinea’’ disease (Kuta et
al., 2008) related to Trichophyton sp. and Epidermophyton sp.

2. Materials and Methods
2.1. Collection and extraction of plant material
Dodder was collected from were collected during appropriate vegetation as the material from

Mardin province in the Eastern Anatolia of Turkey. The taxonomic identification of plant material was
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determined by using the Flora of Turkey (Davis, 1970, 1984, 1985); it was performed by Prof Dr.
Semsettin Civelek who is a systematic-botanic specialist from Firat University. The collected plant
was dried and triturated. The grinded plant (5 g) was treated in 20 mL methanol (98.1%) solvent by
keeping on a rotary shaker (100 rpm) for 24 h. Thus, the plant extract was obtained. The dodder
extracts were filtered by using Whatman filter paper (No1) and stored at 4 ° C for further study. Then,
100 pL (25 mg / L) extracts were injected into empty antibiotic paper discs having a diameter of 6 mm
(Schleicher &S hiill No: 2668, Germany) to separately try on each of the test microorganisms.

2.2. Test microorganisms

The microorganisms that were used for the present investigation; gram positive bacteria, gram
negative bacteria, yeasts and dermatophyta fungi (Staphlococcus aureus COWAN 1, Bacillus
megaterium DSM 32, Escherichia coli ATCC 25922, Pseudomonas aeruginosa DMS 50071
SCOTTA, Candida albicans FMC 17, Candida glabrata ATCC 66032, Trichophyton sp.,
Epidermophyton sp.). These microorganisms were provided by the Department of Biology, Faculty of
Science, Firat University, Microbiology Laboratory, Elazig-Turkey.

2.3. Preparation of microorganism cultures

Bacterial strains will be cultivated in to Nutrient Buyyon medium and are incubated at 35+ 1 °
C for 24 hours. The yeast strain sand dermatophyte fungi are respectivelly incubated on the Yeast Malt
extract and Glucose Sabouroud medium at 25 + 1 ° C for 48 hours. Cultures that grow in the broth
medium will be transferred to the broth media tubes with pre-sterilized after setting in the Mc Farland
(0.5) Standard tube.

2.4. Sensitivity test

The agar disc diffusion method were carried out to determine antimicrobial effect. Mueller
Hinton Agar, Yeast Malt Extract Agar and Sabouraud Dextrose Agar sterilized seperately in the erlen-
meyer flasks and cooled down to 45-50 °C, with the culture of bacteria, yeast and fungus to be
prepared as described above, will be vaccinated at the rate of %1 (10° cells / mL of bacteria, 10*cells /
mL yeast and cells / mL dermatophyta fungi as per Mc Farland standard).
After shaking well, 15 ml medium is poured in to sterile petri plates and homogenously distributed.
The discs (6 mm diameter) with treated 100 microliters of plant extract were added to the appropriate
agar media inoculated with microorganism. Then, petri dishes was stored at 4 °C for 2 h. The
inoculated petri dishes were incubated at 37 £ 0.1° C at 24 h for bacterial strains and also at 25 + 0.1
°C at 72 h for yeasts and dermatophyta fungi. The antimicrobial sensitivity of plant extract was
assesment by measuring the zone of inhibition against the microorganisms (Collins and Lyne, 1989).
The positive control; mikostatin and ampicilin sulbactam was used. Methanol injected discs were
tested as negative control.

2.5. Detection of minimum inhibition concentration

The minimum inhibitory concentrations (MIC) were determined with Broth dilution assay.
The cultures were obtained in Mueller Hinton Broth (Difco, Difco Laboratories, Detroit, M1, USA).
The inocula of microorganisms were obtained from 12 h broth cultures and suspensions were setting
in 0.5 Mc Farland Standard cloudiness. The plant sample was first rarefied to the maximum
concentration 100 pL to be tested, and then serial 2-fold subtilizations were acquired in a
concentration serial from 6.25 to 100 puL (1562-25000 pg) in 10 mL sterile test tubes including
nutrient broth for bacteria and sabouraud dextrose broth for yeast and dermatophyta fungi. MIC values
of this plant against analyzed microorganisms was revealed with a micro-well dilution method
(Giilliice et al., 2004). Microorganisms reproduction was detected with optical density quantitiy at 600
nm using an EL x 800 universal microtiter plate reader. After incubation for 18-24 h at 37+1°C for
bacteria, 25+0.1°C at 72 h for yeast and dermatophyta fungi. The MIC value was declared as the
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nominal concentration of the compounds to obstruction the reproduction of microorganisms or the
final tube with no microbial reproduction was saved to symbolize (mg / mL).

2.6. Statistical analysis

Statistical comparisons among extract and cotrol groups (methanol, ampicillin sulbactam,
mikostatin) were made with respect to the measurable antimicrobial activity against test
microorganisms. SPSS 15.0 soft ware was used for statistic analysis (SPSS Inc., Chicago IL). The
results were obtained with analysis of variance (ANOVA) and least significant difference (LSD) tests
were given as mean £ SE. P < 0.0001, p < 0.001, p > 0.05 were used for the differences between the
extract and cotrol groups. P < 0.0001 and p <0.001 were considered sensitive and moderately
sensitive. This study was conducted in three repetition.

3. Results

Antibacterial and antifungal effects of the plant extract used in the study are given in Table 1-
2. National Microbiology Standards and zone diameters comments in Infectious Diseases Laboratory
Diagnosis Guide are as follows; if there is an inhibition area around the disc with a diameter of >14
mm (15-30 mm), the isolates examined are sensitive to Dodder. If there is an inhibition area around
the disc with a diameter of <14; the isolates examined is moderately sensitive. If there is no zone, the
isolates are accepted as resistant (Akbag, 2014; Okut et al., 2018). In the previous studies, antifungal
effects against dermatophyte fungi of C. campestris (dodder) have not been reported .

According to the inhibition effect of C. campestris extracts treatment with methanol on the
development of test microorganisms, it was detected that they had significant sensitive and moderately
sensitive antimicrobial effects against all of the microorganisms. By this way; E. coli, P. aeruginosa
and C. albicans, C. glabrata (14.66 mm / inhibition zone), S. aureus (14.33 mm / inhibition zone), B.
megaterium (17.66 mm / inhibition zone), Epidermophyton sp. (13.00 mm / inhibition zone),
Trichophyton sp. (19.66 mm / inhibition zone).

Table 1. Antimicrobial effects of extracts of Cuscuta campestris (dodder) (mm)

Microorganisms Inhibition zone (mm)
C. campestris Control
Methanol Standart antibiotics

E. coli 14.66+0.334 - 12.33+£0.3*
S. aureus 14.33+0.33¢ - 10.33+£0.3*
B. megaterium 17.66+0.33< - 12.33+0.3*
P. aeruginosa 14.66+0.33¢ - 12.33+0.3*
C. albicans 14.66+0.33¢ - 12.66+0.6 **
C. glabrata 14.66+0.33¢ - 9.33+0.66 **
Epidermophyton sp. 13.00+0.57¢ - 8.66+0.66**
Trichophyton sp. 19.66+0.33¢ - 8.66+0.66**

The positive control; ampicillin sulbactam (*) and mikostatin (**) (120 uL and 20pg/disc), the negative control; methanol.
Inhibition zone > 14 mm (sensitive effect; p<0.0001; cd), 14< mm moderately sensitive effect; p<0.001;d), not inhibited: (a:
p>0.05)

The standardized method of the NCCLS for determining susceptibility was used in a study
indicating the effect of C. campestris on the proliferation of all of the gram-positive bacteria, the
gram-negative bacteria, yeasts, and dermatophyte fungi. These microorganisms are among the most
commonly found pathogens on the human. Our study showed that the effective dose for dermatophyte
fungi was 50-6.25 pL (about 12 500-6250 ng).
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With the microplate technique, the MIC value was 5 times lower at 1 5625 mg / mL. In
experiments up to this stage, 100 uL of extract were used. Also, the efficiency of this method was
compared with the standard disc diffusion method technique.

With the Broth dilution assay technique, the lowest inhibitory concentration of C. campestris
extraction S. aureus, B. megaterium, P. aeruginosa, C. albicans, C. glabrata, Trichophyton sp. and E.
coli, Epidermophyton sp. were determined as 6.25uL (about 1.562mg / mL) and 50uL (about 12.5 mg/
mL) respectively. According to the disc diffusion method; the amount used for sensitivity is 25 mg/
mL on all of the microorganisms (Table No. 2).

When antibacterial, antifungal, antidermatophyta activity of C. campestris (iksut) extracts
were analyzed to disc diffusion method (Table 1); it was detected that antimicrobial activity in the
dodder extracts was present sensitive inhibition with compared to control group methanol and standard
antibiotics (ampicillin for bacteria, mikostatin for yeast and dermatophyte fungi).

Table 2. The Minimum inhibition concentration (MIC in 100 pL) of C. campestris (dodder) extracts
against the microorganisms

Test Microorganisms MIC values (uL)
C. campestris
E. coli 50.00
S. aureus 6.25
B. megaterium 6.25
P. aeruginosa 6.25
C. albicans 6.25
C. glabrata 6.25
Epidermophyton sp. 50.00
Trichophyton sp. 6.25

4. Discussion and Conclusion

Concerning in vitro and in vivo studies performed, Cuscuta species have different
pharmacological effects. There are many studies on the pharmacological and biological effects of
Cuscuta chinensis (Nisa et al., 1986; Umehara et al., 2004). It is shown that C. chinensis glycosides
have effects on aging and C. chinensis glycosides strengthen the memory by inducing PC12 cell
differentiation (Liu et al., 2003). Subsequent studies revealed the antibacterial effects (Pal et al., 2006)
of methanol extracts of C. reflexa bodies; antioxidant effects of ethyl acetate and methanol extract of
C. chinensis (Yen et al., 2008). Moreover, antihypertensive (Oh et al., 2002) impacts of C. japonica’s
major components. Immunomodulator effect (Stanilova et al., 2000) of C. europea C3 binding
glycoprotein; liver preventive effect (Yen et al., 2007) of ethanol extract of C. chinensis were
confirmed. Finally, the methanol extract that is obtained from the C. reflexa body suppresses ovarian
steroid ogeness in mice (Gupta et al., 20003). We identified that ethanol and aqueous extracts of
hexane, chloroform, ethyl acetate, methanol and water extracts that are obtained from C. arvense have
analgesic, anti-inflammatory effects (Koca et al., 2011).

There is no phytochemicals research on dodder species in Turkey as well as it is found studies
that explain the phytochemicals content of plant extracts for different species of the same plant (Yen,
et al,, 2007) were found in analyses conducted on C. chinensis. Detailed studies revealed 1
trisaccharide, 4 new glycosidic acids, acetic acid, propionic acid, methyl butyric acid, tiglic acid,
convolvulinic acid, and jalapinolic acid in a fraction that is similar to resin glycoside that is not
dissolved in C. chinensis seeds (Du et al., 1998). Studies on C. japonica polar extracts showed that
active components have caffeoylquinic acid derivatives and caffeoylvinylate derivatives (Oh et al.,
2002).

In a study by Abdullah was found that Cuscuta europea (25 mg / ml) was not effective against
E. coli, but it becomes impactful by 20.5 mm the inhibition zone against S. aureus (Abdullah et al.,
2016). Another study was determined by Sen et al.; with reference to the results, none of the extracts
showed antimicrobial sensitivity against bacteria (S. aureus, S. epidermidis, E. coli, K. pneumoniae, P.
aeruginosa, Proteus mirabilis) and from yeasts; C. albicans, C. parapsilosis and C. tropicalis (Sen et
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al., 2018). On the other hand, it was determined that Cuscuta reflexa showed an inhibition zone from 6
to 17 mm against S. aureus, P. aeruginosa, Salmonella typhimurium, P. vulgaris and Shigella sonnei,
K. pneumoniae (Mateen et al., 2011). For Okiei, extracts of Cuscuta australis is effective on E. coli, S.
aureus, P. aeruginosa while they do not display antimicrobial effect on other bacteria and fungus
(Okiei et al., 2009).

Shayanfar conducted a study and reported that C. campestris has an antibacterial effect against
Salmonella typhi, Micrococcus loteus, S. aureus, S. epidermidis, P. aeruginosa, Streptococcus
pyvogens, Serratia marcescens, B. subtilis, E. coli and K. pneumoniae (Shayanfar, 2015). The results of
our study show parallelism with other studies conducted. In the previous studies, antifungal effects
against dermatophyte fungi of C. campestris (dodder) have not been reported.

Compared to our study, different results are due to both different species of the same genus
and the amount of useful compounds they contain. Also, genotype, chemotype, geographic origin,
environmental and soil conditions are all other parameters that affect the composition of the final
natural product (Hacioglu, 2005).

According to agar the disc diffusion methods; in this study was detected that methanol extracts
of dodder had sensitive and moderately sensitive antimicrobial activity against all of the
microorganisms. The MIC values of methanolic extracts were S. aureus, B. megaterium, P.
aeruginosa, C. albicans, C. glabrata, Trichophyton sp. and E. coli, Epidermophyton sp. (respectively;
1 5625 mg / mL and 12500 mg / mL).

It is thought that this natural herbal resource can light the way for the treatment of several
diseases and direct the next studies because of having the potential for being used as a new
antimicrobial agent. Thus, this study is light about pharmacological for the treatment of bacterial and
fungal infections. The results of the study also showed that Dodder can treat cutaneous fungal
infections caused by Epidermophyton sp. and Trichophyton sp.
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Abstract: This study was conducted between the years of 2017 and 2018 in
Battalgazi county of Malatya Province, Turkey, in order to determine fruit
quality properties of three walnut cultivars and three local walnut genotypes
under plain conditions. For this aim; kernel color and shrinkage, nut height,
width and thickness, nut and kernel weights, kernel/nut ratio, shell thickness
were detected as physical parameters. Additionally, total oil, protein and ash
contents of kernel samples were examined as chemical parameters. Results
indicated significant differences in all evaluated parameters of genotypes
included in the study. Nut height, width and thickness varied between 37.55 mm
- 52.30 mm, 32.61 mm - 42.10 mm, and 30.09 mm - 41.10 mm, respectively.
Nut weight varied between 11.22 g and 17.84 g and kernel/nut ratio varied
between 43.89 % and 58.13 %. Total oil and protein contents varied between
64.10 - 73.75 %, and 13.50 - 19.66 %, respectively. The study resulted with
various values in all evaluated physical and chemical parameters of the cultivars
and the genotypes observed. Leading cultivar or genotype depended on different
parameters, but according to overall evaluations two of the cultivars and two of
the local genotypes were distinguished in terms of their performances under
plain conditions. In addition, significant correlations were found between most
of the characters examined in the study.

Malatya’da Ova Kosullarinda Yetistirilen Baz1 Ceviz Cesit ve Yerel Umitvar
Seleksiyonlarimin Fiziksel ve Kimyasal Meyve Kalite Ozellikleri
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Oz: Bu calisma ii¢ ceviz ¢esidi ve ii¢ yerel ceviz genotipinin ova kosullarinda
meyve kalite Ozelliklerinin belirlenmesi icin 2017 ve 2018 yillarinda
Malatya’nin  Battalgazi ilgesinde yiritilmistir. Bu amagla, fiziksel
parametreler kapsaminda i¢ rengi ve biiziismesi, meyve uzunlugu, genisligi,
kalinligi, meyve ve i¢ agirliklari, i¢g/meyve orani, kabuk kalinlig1 dl¢iilmiistiir.
flave olarak, i¢ ceviz orneklerinde toplam yag, protein ve kiil miktarlarl
kimyasal parametreler kapsaminda dl¢lilmiistiir. Sonuglar ¢aligma kapsamindaki
genotipler arasinda incelenen tiim parametreler acgisindan onemli farkliliklar
ortaya koymustur. Meyve yiiksekligi, genisligi ve kalinlig1 sirastyla 37.55 mm -
52.30 mm, 32.61 mm - 42.10 mm ve 30.09 mm - 41.10 mm arasinda
degismistir. Meyve agirhigt 11.22 g ile 17.84 g arasinda degisirken, i¢/meyve
orani, % 43.89 ile % 58.13 arasinda degismistir. Toplam yag ve protein
icerikleri ise sirastyla % 64.10 - 73.75 ve % 13.50 — 19.66 arasinda degismistir.
Caligma sonucunda incelenen cesitlerin ve yerel genotiplerin degerlendirilen
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tiim fiziksel ve kimyasal parametreler agisindan énemli seviyede farkli sonuglar
elde edilmistir. Parametrelere gore one ¢ikan genotip farklilik gdstermekle
beraber, genel degerlendirmelere gore ova sartlarindaki performanslar
acisindan iki ¢esit ve iki yerel genotip one ¢ikmistir. Bunun yaninda c¢aligma
kapsaminda incelenen ¢ogu karakter arasinda onemli seviyede korelasyon
bulunmustur.

1. Introduction

Walnut is the most commonly grown member of Juglans genus (Sen, 1986). This species is
also known as Anatolian or Persian walnut all over the world. Its latin name (Juglans regia L.) comes
from the word “Juglans”, which means the fruit of God (Giliven¢ and Kazankaya, 2019). Walnut is
also the most produced nut species which is produced more than 3.5 million tons annually. China was
the leading country in 2017 with around 2 million tons of production, and Turkey was the fourth
country with its 210 thousands of production (FAO, 2019).

As for many fruit species, Anatolia is in the origin of walnut (Akga, 2005). This brings a wide
range of genetic variation and sources for walnut to be selected according to their desired
characteristics in Turkey. Furthermore, the fact that walnut trees had been propagated by seeds until
recent decade boosted the wideness of the variation and absence of genetic resources in the area.
However, these factors prevented standardization of growing and production which are very important
for agricultural marketing needs, especially in exports. Today, almost all of the exported walnuts are
produced on standard cultivars which are propagated clonally. For that reason, selection and
standardization studies play key role in benefiting the relevant genetic resources. Indeed, most of the
superior cultivars used today were obtained by selection in the world and also in Turkey (Celebioglu,
1978; Sen, 1980). Today selection studies are still intensively continued (Aslansoy, 2012; Bilgen,
2012; Paris, 2013; Bager et al., 2016; Kazankaya et al., 2017).

Climate, especially temperature, is one of the most important factors influencing performances
of cultivars and one of the most significant factors to be considered when deciding a cultivar to be
cultivated in a certain area. The traits are expressed under the effects of both the genotypic variations
and environmental conditions. For that reason, environment is a determining factor of cultivar
performances in a certain area together with genetic background, selection and adaptation studies are
of importance. Therefore, determining performances of cultivars and new selections in the areas with
different environmental conditions is necessary to obtain a better understanding of cultivars and
selections growing habits. As a result this importance, series of studies has been performed to
determine different cultivars and new selections under various environments. Bilgin (2015) compared
fruit quality attributes of nine different walnut cultivars under the ecological conditions of plain
conditions of Menemen county of izmir Province of Turkey. Similarly, Kaplan (2015) investigated
fruit quality characteristics of six local and seven foreign origin walnut cultivars in Niksar county of
Tokat Province of Turkey. Asma and Ozturk (1999) evaluated fruit quality performances of different
walnut cultivars in Malatya. However, as far as our knowledge no previous studies investigated walnut
cultivars and new local selections under plain conditions of Malatya. Even though Malatya Province
was the 22nd most walnut producing province of Turkey in 2017 (TUIK, 2019), so is not a primary
walnut producing province of Turkey, the province has a wide variety of genetic sources for walnut
genotypes and a good potential for walnut production where walnuts are grown under various
environments including plain and highland conditions (between the altitudes of 700 meters and 1500
meters above the sea level).

For all those reasons, this study was conducted to evaluate performances of different
commonly grown walnut cultivars together with new local selections which are found to be promising
because of their fruit quality pre-evaluations under the plain conditions of Malatya Province of
Turkey.
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2. Materials and Methods

The study was conducted under plain conditions of Battalgazi county of Malatya Province
(location: 38°28°00.95”N and 38°21°25.33”E, altitude: 725 m) in the years of 2017 and 2018. Monthly
maximum, minimum, mean temperature (°C), and precipitation (mm) of the experimental area
recorded during the vegetation period in both of the study years were presented in Table 1 (MGM,
2019).

Table 1. Meteorological records of experimental area

April May June July August September October
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
MT 112 143 163 17.7 23.1 230 276 27.6 271 274 232 224 140 152

MMT 26.0 29.0 320 320 380 39.0 410 41.0 410 390 37.0 350 26.0 30.0
MNT -3.0 -1.0 5.0 5.0 8.0 10.0 140 12.0 150 14.0 8.0 9.0 1.0 -1.0
MP 48.9 50 42.8 63.5 0.0 13.1 00 00 0.0 0.0 2.0 6.2 85 31.2

MT: Mean Temperature (°C), MMT: Maximum Temperature (°C), MNT: Minimum Temperature (°C), MP: Monthly
Precipitation (mm)

Three walnut cultivars and three local selections which were grown under the plain conditions
of Malatya Province were included in the study. The details of the plant genotypes were described in
Table 2. The trees of the genotypes were six years old in the first year of the study which were
obtained by side grafting of scions on old wild walnut seedling rootstock.

Table 2. Walnut genotypes subjected to assessments

Genotype Description

Maras-18  Registered cultivar, origin: Turkey
Chandler  Registered cultivar, origin: United States of America

Bilecik Registered cultivar, origin: Turkey

S1 Local selected genotype from Kozdere village of Darende county of Malatya Province, Turkey
S2 Local selected genotype from Cortiik village of Darende county of Malatya Province, Turkey
S3 Local selected genotype from Sarikiz village of Hekimhan county of Malatya Province, Turkey

Plants were irrigated as required by using drip irrigation system which was also used for
fertigation. No nutritional deficiency and drought symptoms were observed during the study. Weed
control, pest and disease management were performed properly.

Fruit samples were collected at harvest maturity from nine trees of each genotype as three
replicates (Giineyli and Onursal, 2014). The fruit samples were subjected to physical and chemical
quality assessments. As part of physical assessments; kernel shrinkage and color size parameters of
nut height (NHE), nut width (NWI), nut thickness (NTH), and shell thickness (STH), weight
parameters of nut weight (NWE) and kernel weight (KWE), and kernel/nut ratio (K/N) were assessed.
Kernel shrinkage was scored from 1 to 4 according to the classification procedure presented by Ozkan
(1996). Accordingly, score “1” represented shrinkage rate less than 12.5 % of whole kernel size, “2”
represented the shrinkage between 12.5 % and 25 %, “3” represented more than 25 %, and empty nuts
were scored as “4”. Kernel color was evaluated by using “DFA of California” walnut color scale chart
and scored as “Extra Light”, “Light”, “Light Amber”, and “Amber” (Akca, 2009). Size parameters
were measured with 0.01 mm digital caliper in mm. Nut and kernel weights were measured with 0.01
g precision scales and kernel/nut ratio were calculated according to the following formula:

KWE
K/N = x 100 (1)

NWE

As part of the chemical assessments; total oil, total protein and total ash contents kernel
samples were investigated. Total oil was detected according to the method described by Anonymous
(2000) which includes extraction of oil in Soxhlet extractor with n-hexane (60°C) for 6 h. In order to
find total protein content of the samples total N content was detected according to Kjeldahl method,
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and multiplied with 6.25 (James, 1995). Total ash was obtained by burning of samples for 24 hours
and 6 hours at 200°C and 600°C, respectively (Baymuis, 2008).

Results were interpreted according to Duncan’s multiple range test (P < 0.05). Correlations
between traits were determined according to Pearson’s correlation test. Statistical analyzes were
performed by using SPSS 23.0 for Windows software. Two years results of a particular character were
evaluated as a whole and compared with each other.

3. Results

Fruit samples of three walnut cultivars and three local promising walnut selections were
evaluated for their physical and chemical quality traits. Results of kernel shrinkage and color, size,
weight and chemical composition were presented in Table 3, Table 4, Table 5, and Table 6,
respectively. The study was resulted with significant differences for all investigated characteristics.

For most of the genotypes kernel shrinkage percentages significantly varied between the years,
except Bilecik and S1 genotypes presented almost the same ranges in both years (Table 3). S1 did not
forme empty nuts in 2017 but 5 % of its nuts were empty in the second year. S3 produced very high
shrinkage performance without empty nuts in the first year of the study, but 20 % of their nuts were
empty with higher shrinkage percentages in the second year. Kernel colors of the genotypes were
scored as “Extra Light” in S1 and S3, “Light” in Chandler, Bilecik, and S2, “Light Amber” in Maras-
18.

Table 3. Kernel shrinkage percentages and kernel color classifications of the walnut genotypes

KS Maras-18 Chandler Bilecik S1 S2 S3

(%) 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
1 61 47 65 14 19 13 54 60 20 40 95 40

2 23 27 10 33 22 13 33 27 60 20 5 27

3 4 13 20 33 44 27 8 13 10 20 - 13

4 12 13 5 20 15 47 5 - 10 20 - 20
KC Light Amber Light Light Extra Light Light Extra Light

KS: Kernel Shrinkage, KC: Kernel Color

In terms of nut height Bilecik was the leading genotype in both 2017 and 2018 years with the
values of 50.29 and 52.30 mm, respectively. The lowest values for nut height were obtained in S1, S2
and S3 genotypes (37.55, 39.71 and 39.35 mm) in 2017, and S2 (40.00 mm) in 2018 (Table 4). The
highest nut width value was obtained in S2 genotype (42.10 mm) in 2017, and in Bilecik and S2
(37.90 and 37.60 mm) genotypes in 2018. The lowest nut width value was obtained in S3 (32.61 mm)
in 2017, while except Bilecik and S2 all genotypes were in the lowest significance group in 2018. Nut
thickness was highest in Bilecik and S2 genotypes in both years (37.19 and 37.49 mm in 2017, 40.50
and 41.10 mm in 2018, respectively). The lowest nut thickness value was found in S3 genotype (30.09
mm) in 2017, while except Bilecik and S2 all genotypes were in the lowest significance group in 2018.
The thickest shell was measured in S2 (1.68 mm), while Bilecik (0.83 mm) presented thinnest shell in
2017. In the second year of the study the highest shell thickness was found in Bilecik and S2 (1.67 mm
in both), while Marag-18, Chandler and S3 genotypes (1.29, 1.22, and 1.32 mm, respectively) were
categorized as the genotypes having lowest shell thickness.

Table 4. Size parameters results of the walnut genotypes subjected to assessments

Nut Height (mm) Nut Width (mm) Nut Thickness (mm) Shell Thickness (mm)

GN 2017 2018 2017 2018 2017 2018 2017 2018

Maras-18 4424bc  4590Db 3581 cde 35.70cde 3441d 37.60 b 1.17 ¢ 1.29¢
Chandler 44.15bc  4390bc  36.24cde 3530de 3491cd 37.10Db 1.19¢ 1.22¢

Bilecik 50.29a 52.30a 38.82b 37.90bc  37.19b 40.50 a 0.83d 1.67 a
S1 37.55¢ 4320 c 37.66 bcd 35.20¢ 3491cd 3690bc 1.22c 1.49b
S2 39.71de  40.00d 42.10 a 37.60bcd 37.49D 41.10 a 1.68 a 1.67 a
S3 39.35de  43.50bc  32.61f 36.00 cde  30.09¢ 38.40b 1.20 ¢ 1.32 be

Differences between the values of a particular character signed with different letters are significant at P < 0.05
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Chandler cultivar was the leading genotypes for nut weight in 2017 with 16.09 g, whereas no
significant differences were found between genotypes in 2018. Nut weight values of Maras-19,
Bilecik, S1, S2, and S3 were significantly higher in 2018 when compared with 2017 values (Table 4).
While significant differences in kernel weight were found between the genotypes in 2018, the
differences were not significant in the first year of the study. All genotypes presented higher kernel
weight value in the second year when compared to their first year results. The highest kernel weight
result was found in Maras-18 (9.22 g) which was followed by Bilecik and S2 genotypes (9.08 and 9.06
g, respectively), and the lowest value was found in S3 genotype (7.98 g) in 2018. The highest
kernel/nut ratio was found in S1 (58.13 %) which was followed by S3 (57.05 %), and Chandler and S2
represented lowest values (43.89 and 44.50, respectively) in 2017. All of the genotypes except S1
showed higher kernel/nut ratio value, and the leading genotype was S2 (54.25 %) in the second year of
the study.

Table 5. Weight related results of the walnut genotypes subjected to assessments

GN Nut Weight (g) Kernel Weight (g) Kernel/Nut Ratio (%)
2017 2018 2017 2018 2017 2018
Maras-18 15.05 be 17.84 a 7.12 cde 9.22a 46.96 ef 51.77 cd
Chandler 16.09 ab 17.38 a 7.27 cde 8.48 bc 43.89 f 48.83 de
Bilecik 12.64d 17.84 a 6.96 de 9.08 ab 49.44 de 51.50 de
S1 12.29d 16.83 ab 7.27 def 8.66 be 58.13 a 51.71 cd
S2 14.74 c 16.65 ab 6.92 de 9.06 ab 4450 f 54.25 be
S3 11.22d 16.07 ab 641 e 7.98 bed 57.05 ab 49.67 de

Differences between the values of a particular character signed with different letters are significant at P < 0.05

Total oil was highest in S3 (73.75 %) in 2017, but in Bilecik (73.63 %) in 2018. The lowest
total oil was found in Chandler (65.73 %) in 2017, whereas except Bilecik all genotypes were in the
same statistical group in 2018 (Table 6). S2 genotype gave the total protein values in both of the study
years (19.66 % in 2017, and 16.82 % in 2018). The lowest total protein was found in S3 (13.99 %) in
2017, while in Bilecik (13.50 %) in 2018. Bilecik and S2 were the leading total ash content genotypes
(2.06 %), and S3 was the lowest (1.72 %) in 2017. On the other hand, the highest total ash contents
were found in S2 (1.84 %), and the lowest total ash was found in Marag-18 (1.58 %) in 2018.

Table 6. Chemical composition (percent) of walnut genotypes subjected to assessments

GN Total Oil (%) Total Protein (%) Total Ash (%)
2017 2018 2017 2018 2017 2018
Maras-18 67.72 be 68.89b 1536 f 14.59h 2.03b 1.58 h
Chandler 65.37 cd 69.90 b 16.45d 14.12 1 191c¢ 1.73 ef
Bilecik 66.33 cd 73.63 a 16.61 c 13.50 k 2.06 a 1.74 ¢
S1 69.01 b 69.19b 16.44d 1547 ¢ 1.90 ¢ 1.66 g
S2 64.10 ¢ 70.13 b 19.66 a 16.82b 2.06 a 1.84d
S3 73.75 a 69.65 b 13.99 1525 ¢ 1.72 ef 1.71 f

Differences between the values of a particular character signed with different letters are significant at P < 0.05

Table 7. Correlation coefficients between physical and chemical traits in walnut genotypes

NWI NTH NWE KWE K/N STH TO TP TA
NHE 0.37" 0.54™ 0.35" 0.32* -0.39™ -0.16 0.19 -0.39" -0.07
NWI 0.80™ 0.30" 0.33" -0.13 0.26 -0.29 0.69™ 0.53*
NTH 0.50™ 0.56™ -0.13 0.42* 0.11 0.19 -0.05
NWE 0.85™ -0.12 0.36 -0.05 -0.14 -0.31
KWE 0.40™ 0.52* 0.27 -0.27 -0.48™
K/N 0.30 0.62™ -0.40" -0.48™
STH 0.17 0.11 -0.25
TO -0.74™ -0.60™
TP 0.69"

*Correlations significant at P < 0.05, **Correlations significant at P < 0.01
NHE: Nut Height, NWI: Nut Width, NTH: Nut Thickness, NWE: Nut Weight, KWE: Kernel Weight, K/N: Kernel/Nut Ratio,
STH: Shell Thickness, TO: Total Oil, TP: Total Protein, TA: Total Ash
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Correlations between the characters investigated as part of the study was expressed by the
correlation coefficients presented in Table 7. The coefficients indicated positive significant
correlations between fruit sizes and nut and kernel weight. Negative significant correlations were
found between nut height with kernel/nut ratio and total protein. Nut thickness, nut and kernel weight
were found as positively correlated with shell thickness. Kernel/nut ratio was positively correlated
with total oil, whereas negatively correlated with total protein and total ash. Total oil was found as
negatively correlated with other chemical compositions characters investigated as part of the study,
whereas the correlation between total protein and total ash was in positive way.

4. Discussion and Conclusion

The obtained results indicated a high variation between the genotypes and also significant
differences between the years for all characteristics investigated as part of the study. The differences
between the results would probably be caused by the different level of fruit load which was higher in
2017 for all genotypes investigated as part of the study and also changes in the environmental
conditions. Previous studies reported variable results for the cultivars evaluated in this study which
points the significant influence of the environmental conditions on the fruit quality aspects. In studies
conducted by Baymis (2008) and Siityemez (2016), adaptation performances of Marag-18 and Bilecik
cultivars were observed at Nut Research and Application Center of Kahramanmaras Siit¢ii imam
University which is located in Kahramanmaras Province of Turkey at 940 m altitude, lower fruit sizes,
similar shell thickness, fruit and kernel weights, but higher kernel/nut ratio values were reported for
Maras-18. The authors indicated similar empty nut but lower shrinkage percentages. The author also
investigated chemical composition parameters included in this study and reported lower total oil,
higher total protein for both of the cultivars, and higher total ash for Bilecik but similar total ash for
Maras-18. In another study conducted by Ak¢a and Aydin (2005), Bilecik cultivar was investigated in
Niksar county of Tokat Province in Turkey at 420 m altitude. Lower empty fruit and shrinkage
percentages, fruit sizes, kernel weight and kernel/nut ratio, but similar shell thickness and kernel
weight were reported by the authors. Bilgin (2015) evaluated Maras-18 cultivar at sea level in
Menemen county of izmir Province in Turkey. The author reported lower fruit sizes, shell thickness,
kernel and kernel/nut ratio, but similar fruit weight value when compared with the results obtained in
this study.

As a result of this study, various impacts of environmental conditions were observed on the
cultivars and local selected genotypes when the results of the previous reports and years were
comparatively examined. For that reasons, it would be useful to determine the reactions of the
cultivars and selected genetic resources against the specific stress factors, especially heat and drought,
under both controlled and open-field conditions. When overall quality aspects are evaluated and
compared with the cultivars investigated as part of the study, local walnut genotypes, especially the
ones selected from Kozdere village of Darende and Sarikiz village of Hekimhan were concluded as
promising genotypes for growing under plain conditions. As another result of the study, significant
correlations between most of the parameters evaluated. This fact indicates useful information for the
breeding studies on the related fruit quality aspects. For those reasons, observation of the correlations
between the related traits in wider and segregating populations is suggested for the future studies.
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Abstract: In this study, pollen morphology of 5 Centaurea (C. antitauri, C.
coronopifolia, C. iberica, C. patula, and C. pterocaula) and 3 Psephellus (P.
hypoleucus, P. pulcherrimus, and P. simplicicaulis) species distributed in
Turkey have been examined based on the exine structure and sculpturing.
Previous papers drew attention to great value of pollen morphology in the
taxonomy of Centaurea and divided genus from Centaurea as Rhaponticoides,
Psephellus and Cyanus. Pollen grain characters of 8 species were investigated
by light microscope (LM). For morphological analysis, pollen grains were
prepared according to Wodehouse (1935). Voucher specimens are deposited in
the ISTE (Herbarium of Faculty of Pharmacy, Istanbul University). Types of
pollen grains are tricolporate, isopolar and tectum complete of all specimens
studied. The largest pollen in Psephellus hypoleucus whereas the smallest pollen
in Centaurea iberica. The exine sculptures in the rest of the examined
specimens are scabrate, microechinate or reticulate. The polar axis (P) ranges
from 32.78+1.805 pm to 40.42+1.976 um in studied Centaurea species and
36.76+£0.8109 pum to 40.5+1.3092 um in studied Psephellus species. The
equatorial axis ranges from 30.77+1.43 pm to 39.20+0.632 pum in studied
Centaurea species and 37.4878+2.1313 pm to 40.5789+1.7566 pm in studied
Psephellus species. All of the morphological parameters investigated are given
in detailed. Pollen shape of 8 species, which are we have been studied, is the
same shape but their sizes are different. And there are some differences on the
exine surface (sculpture). In the taxonomy pollen type gives an idea for these
genera and it is also better to combine it with morphological, karyological and
molecular data.

Tiirkiye’den 5 Centaurea L. ve 3 Psephellus Cass. Taksonunun Polen Morfolojileri
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Polen morfolojisi.

Oz: Bu calismada Tirkiye’de yetisen 5 Centaurea (C. antitauri, C.
coronopifolia, C. iberica, C. patula ve C. pterocaula) ve 3 Psephellus (P.
hypoleucus, P. pulcherrimus ve P. simplicicaulis) tiirinin polen morfolojileri
ekzin skulptur ve strukturlerine gore incelenmistir ve detayli olgiimler
verilmistir. Daha Once yapilan calismalarda Centaurea ve ondan bdliinen
Rhaponticoides, Psephellus ve Cyanus cinslerinin taksonomisinde polen
morfolojisinin 6nemine deginilmistir. 8 tiirlin polen morfolojisi 151k
mikroskobuyla incelenmistir. Morfolojik analiz i¢in Wodehouse (1935)
yontemiyle polen materyalleri hazirlanmistir. Calisilan 6rnekler ISTE (Istanbul
Universitesi Eczacilik Fakiiltesi Herbaryumu) herbaryumunda saklanmaktadir.
Caligilan tiim tiirlerin polenleri trikolporat, isopolar ve tektumdur. En biiylik
polen tanesi Psephellus hypoleucus tiriinde iken en kiigiik Centaurea iberica
tiirline aittir. Calisilan tiim tiirlerde ekzin skulptur skabrat, mikroekinat veya
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retikulattir. Polar aksis (P) aralig1 ¢alisilan Centaurea tiirlerinde 32.78+1.805
um ile 40.42+1.976 pm, Psephellus tirlerinde 36.76+0.8109 pm ile
40.5+1.3092 pm’dir. Ekvatoryal aksis araligi calisilan Centaurea tiirlerinde
30.77+1.43 pm ile 39.20+0.632 pm, Psephellus tiirlerinde 37.4878+2.1313 pum
ile 40.5789+1.7566 um’dir. Arastirilan biitiin morfolojik parametreler detayl
olarak verilmistir. Sekiz tliriin polen sekilleri aynidir ancak biiyiikliikleri
farklidir. Ayrica ekzin yiizeyinde de farkliliklar vardir. Taksonomide polen
tipleri bu cinsler i¢in fikir vermektedir ve bu morfoloji, karyoloji ve molekiiler
caligmalarla birlikte oldugunda daha iyi olmaktadir.

1. Introduction

Centaurea L. (Compositae) is one of the richest genus in the Turkish flora (Davis et al., 1988;
Giiner et al., 2000; Ozhatay et al., 2013, 2015, 2017). Recently published several new species, and
update the information it is divided into four genera, namely Centaurea, Rhaponticoides, Psephellus
and Cyanus (Wagenitz and Hellwig, 2000; Greuter, 2003a, b). According to the latest studies and
revision, genus Psephellus is represented by 37 taxa in Turkey (Ertugrul and Uysal, 2013; Dogan et
al., 2015; Ozhatay et al., 2017). Centaurea is a large genus with 181 species and 112 of them are
endemic in Turkey (Uysal, 2012).

According to Wagenitz (1955) the genus Centaurea is divided into eight groups on the basis
of exine structure and sculpturing: Centaurium, Crupina, Cyanus, Dealbata, Jacea, Montana,
Serratula and Scabiosa. Then five pollen types are defined by Avetisjan (1964) as Centaurium, Jacea,
Scabiosa, Serratula and Psephellus. For phylogeny in the Jacea group pollen type is found one of the
most reliable characteristics by Villodre and Garcia-Jacas (2000).

Most species of Centaurea are used as folk medicine in Turkey for asthma, chill, antipyretic,
antidiaretic, appetitive and menstrual regulator (Baytop, 1984, Tuzlact and Tolon, 2000, Kogyigit and
Ozhatay, 2006). This genus is also a good source for honeybees as the honey plant (Kus et al., 2014,
Ozler 2018). On the other hand some species are used in landscaping because of large and showy
flowers of some members in the genus.

Pollen morphology of some Turkish Centaurea and Psephellus taxa have been studied
(Pehlivan, 1995; Uysal et al., 2005; Celik, 2007; Celik et al., 2008; Ozler et al., 2009; Erkara et al.,
2012; Tasar et al., 2014; Bryiklioglu et al., 2018). Previous papers drew attention to the great value of
pollen morphology in the taxonomy of Centaurea and divided genus from Centaurea. In this study, 5
Centaurea and 3 Psephellus species distributed in Turkey have been examined for pollen grains
characteristics.

2. Material and Methods

The pollen material was obtained from herbarium specimens kept in ISTE (Herbarium of
Faculty of Pharmacy, Istanbul University). Examined specimens and their ISTE numbers are
Centaurea antitauri Hayek (ISTE 37550), C. coronopifolia Lam. (ISTE 45502), C. iberica Trev. ex
Sprengel (ISTE 18170), C. patula DC. (ISTE 25268), C. pterocaula Trautv. (ISTE 47403), Psephellus
hypoleucus (DC.) Boiss. (ISTE 36989, 9028), P. pulcherrimus (Willd.) Wagenitz (ISTE 33479), P.
simplicicaulis (Boiss. & A.Huet) Wagenitz (ISTE 19936)

Pollen grains for LM examination were prepared using the standard procedure of Wodehouse
method (1935) and 8 pollen grain characters were investigated by a light microscope (BH-2 Olympus).
Photos were taken with Spot Insight dijital camera at 100% magnification.

3. Results
The eight species member of Centaurea and Psephellus are studied. Distribution of the
examined taxa is shown in the map and studied materials are marked with a star (Figure 1). The pollen

photographs of the examined species are given in Figure 2. All parameters measured by using the
Wodehouse method are given in Table 1.
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Figure 1. Distribution of studied species m Centaurea antitauri (ISTE 37550), m C. coronopifolia (ISTE 45502),
m C. iberica (ISTE 18170), m C. patula (ISTE 25268), m C. pterocaula (ISTE 47403), m Psephellus
hypoleucus (ISTE 36989, 9028), m P. pulcherrimus (ISTE 33479), m P. simplicicaulis ISTE 19936).

Centaurea antitauri: The pollen grains are tricolporate and isopolar. The exine sculpture is
scabrate- microechinate. The structure is tectate. Polar axis = 39.50+1.581 um, equatorial axis =
39.2040.632 pm; length of the colpus = 29.74+1.1191 pm, width of the colpus = 9.521£1.6712 pm.

C. coronopifolia: The pollen grains are tricolporate and isopolar. The exine sculpture is
reticulate-echinate. The structure is tectate. Polar axis = 34.59+1.1406 pm, equatorial axis =
33.89+1.4830 pm; length of the colpus = 22.20+£0.1632 pum, width of the colpus = 10.4666+1.3232
um.

C. iberica: The pollen grains are tricolporate and isopolar. The exine sculpture is scabrate-
microechinate. The structure is tectate. Polar axis = 32.78+1.805 um, equatorial axis = 30.77+1.43um;
length of the colpus = 26.48+1.37 um, width of the colpus = 8.9+3.13 um.

C. patula: The pollen grains are tricolporate and isopolar. The exine sculpture is scabrate. The
structure is tectate. Polar axis = 37.58+1.640 pum, equatorial axis = 34.76+0.485 um; length of the
colpus =29.896+2.143 um, width of the colpus = 9.9+1.2475 um.

C. pterocaula: The pollen grains are tricolporate and isopolar. The exine sculpture is scabrate.
The structure is tectate. Polar axis = 40.42+1.976 um, equatorial axis = 36.97+0.474 um; length of the
colpus = 131.4615+0.990 um, width of the colpus = 10.923+£1.2783 pm.

Psephellus hypoleucus: The pollen grains are tricolporate and isopolar. The exine sculpture is
reticulate-scabrate. The structure is tectate. Polar axis = 40.5£1.3092 um, equatorial axis =
40.5789+1.7566 pum; length of the colpus = 31.0416+2.0518 um, width of the colpus = 11.6254+2.7856
pm.

P. pulcherrimus: The pollen grains are tricolporate and isopolar. The exine sculpture is
scabrate. The structure is tectate. Polar axis= 36.76=0.8109 um, equatorial axis= 37.4878+2.1313 um,;
length of the colpus = 30.9714+0.1665 um, width of the colpus = 11.9411£1.4539 um.

P. simplicicaulis: The pollen grains are tricolporate and isopolar. The exine sculpture is
scabrate. The structure is tectate. Polar axis= 39.70+£1.199 um, equatorial axis= 38.56+0.706 pum,;
length of the colpus = 31.00£2.71 um, width of the colpus = 12.076+1.902 pm.

Types of pollen grains are tricolporate, isopolar and tectum complete of all specimens studied.
Pollen shape is sphaeroidea. The largest pollen in Psephellus hypoleucus (P=40.50, E= 40.5789)
whereas the smallest pollen in Centaurea iberica (P=32.78, E=30.77). Exine was the thickest in
Psephellus hypoleucus and the thinnest in Centaurea coronopifolia. The exine sculpture in C.
coronopifolia is reticulate-echinate and in Psephellus hypoleucus is reticulate-scabrate. The exine
sculpture in the rest of the examined specimens is scabrate and microechinate. The polar axis (P)
ranges from 32.78+1.805 um to 40.42+1.976 pm in Centaurea species and 36.76+0.8109 um to
40.5+1.3092 pum in Psephellus species. The equatorial axis ranges from 30.77+1.43 pm to
39.20+0.632 pum in Centaurea species and 37.4878+2.1313 um to 40.5789+1.7566 um in Psephellus
species.
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G

Figure 2. Light microscope (LM) microphotographs of Centaurea and Psephellus taxa.
A- Centaurea antitauri (ISTE 37550), B- C. coronopifolia(ISTE 45502), C- C. iberica (ISTE
18170), D- C. patula (ISTE 25268), E- C. pterocaula (ISTE 47403), F- Psephellus hypoleucus
(ISTE 36989, 9028), G- P. pulcherrimus (ISTE 33479), H- P. simplicicaulis (ISTE 19936).
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Table 1. The pollen characteristics of the examined taxa (Wodehouse).

TAXA P (um) E (um) P/E Ex (um) Int (um) clg(um)  clt (um) plg (um)  plt (um) plg/plt t (um) Structure Sculpture
Centaurea M 3950 39.20 1.0076(W) 2.555 1.00 29.74 9.521 11.6842  10.736 1.0883 18.00 Tectate Scabrate -
antitauri o  £1.581 +0.632 Sphaeroidea  +1.832  +0 +1.1191 +1.6712 +1.0286  +0.908 +0.7550 microechinate
C. M 3459 33.89 1.0206 (W) 1.75 1.14 22.20 10.4666 11.7647  11.1764 1.0526 15.6470 Tectate Reticulate-
coronopifolia o  =£1.1406 +1.4830 Sphaeroidea  +0.75 +1.35 +0.1632 +1.3232 +0.2352  £0.2999 +2.0880 echinate
C. iberica M 3278 30.77 1.0653(W) 2.1 1.11 26.48 8.9 7.860 8.95 0.8782 9.105 Tectate Scabrate -

c  +1.805 +1.43 Sphaeroidea  +0.160  +0.098  +1.37 +3.13 +0.364 +0.662 +0.571 microechinate
C. patula M 3758 34.76 1.0811(W) 2.50 1.00 29.896 9.9 9.6153 9.4230 1.0204 11.1379 Tectate Scabrate

c *1.640 +0.485 Sphaeroidea  +0.851  +0 +2.143 +1.2475 +1.6594  +1.5890 +2.2627
C. pterocaula M 4042 36.97 1.0933(W) 2.4 1.125 31.4615 10.923 13.29 12.037 1.1040 11.9210 Tectate Scabrate

c %1976 +0.474 Sphaeroidea  £1.389  +0.337  £0.990 +1.2783 +1.034 +1.1041 +1.5625
Psephellus M 405 40.5789 0.9980(W) 3.00 1.1167  31.0416 11.625 13.3793 11.769 1.1368 13.60 Tectate Reticulate -
hypoleucus c =1.3092 +1.7566 Sphaeroidea  +0 +1.761  +£2.0518 +2.7856 +2.0071  £1.6245 +1.047 scabrate
P. M 36.76 37.4878 0.9805(W) 22068  1.3448 309714 11.9411 12.8235 11.5714 1.1082 11.4848 Tectate Scabrate
pulcherrimus c +0.8109 +2.1313 Sphaeroidea ~ +1.095  +£1.825  +0.1665 +1.4539 +1.3179  +£1.4285 +1.7942
P. M 39.70 38.56 1.0295(W) 2.4 1.25 31.00 12.076 13.11 11.76 1.1147 14.15 Tectate Scabrate
simplicicaulis ¢ £1.199 +0.706 Sphaeroidea ~ +1.105  +0.661  +2.71 +1.902 +1.9178  +0.637 +2.604

P: Polar axis. E: Equatorial axis. Ex: Exine thickness. /n¢: Intine thickness. c/g: Length of the colpus. c/¢: Width of the colpus. plg: Length of the porus. p/t: Width of the porus. z: Apocolpium. M: Mean. c: Standard
deviations.
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4. Discussion and Conclusion

For the first time pollen morphology of the genus Centaurea was studied in detail by
Wagenitz (1955). Eight pollen types were recognized on the basis of exine structure and sculpturing.
These are Centaurium, Crupina and Serratula as the most primitive; Cyanus, Dealbata and Montana as
intermediate; Jacea and Scabiosa as the most advanced types. According to recent studies the genus
Centaurea is divided into four genera, namely Centaurea, Rhaponticoides, Psephellus and Cyanus
(Wagenitz and Hellwig, 2000; Greuter, 2003a, b). Centaurea dealbata Willd. is the type of the genus
Psephellus Cass. Dealbata pollen type is a very conspicuous and it is shown that pollen type of the
genus Psephellus. The Jacea type was divided into six subgroups based on morphological variations
by Avetisjan (1964) and the Cyanus, Dealbata and Montana were also combined types into one large
group, Psephellus.

Psephellus pecho (Albov) Wagenitz (syn. Centaurea pecho Albow.) and P. hypoleucus is the
member of Sect. Psephellus, Ozler et al. (2009) determined that exine sculpture in P. pecho as
scabrate, spheroidal shape, in this study a similar result observed for P. hypoleucus, exine sculpture as
reticulate-scabrate, and shape as spheroidal. Ozler et al. (2009) determined that exine sculpture of
Psephellus appendicigerus (K. Koch) Wagenitz (syn. C.appendicigera C. Koch), which is in the same
section with P. pulcherrimus, is microechinate and differ from P. pulcherrimus, its scabrate.

Kaya et al. (2010) determined that the pollen shape of C. calcitrapa L. subsp. cilicica (Boiss.
et. Bal.) Wagenitz and it is the same shape with as C. iberica, which is in the Sect. Calcitrapa, but
pollen grains of C. iberica are bigger; the exine sculpture is scabrate in C. calcitrapa and scabrate-
microechinate in C. iberica. According to Biyiklioglu et al. 2018, the exine sculpture is microechinate
in C. iberica and pollen shape is subprolate, P mean is 34.8; E mean is 30. Joujeh et al. (2019) studied
pollen of some Centaurea species from Syria and one of them is C. iberica. According to their data the
polar axis is 33.86 um and the equatorial diameter is 31.86 pm in C. iberica. The pollen shape and the
exine sculpture are prolate-spheroidal and scabrate in C. iberica. In our study the pollen shape and the
exine sculpture are spheroidal and scabrate- microechinate. P mean and E means are 32.78+1.805 pm
and 30.77£1.43 um, respectively. There are some differences but P and E value of C. iberica are very
close in these three studies.

Baser et al. (2019) shows that the polar axis and the equatorial axis are 53.63 um and 48.06
um respectively; shape is prolate-spheroidal; ornamentation is scabrate in C. antitauri. On the other
hand, our data pointed out this value is 39.50 um for the polar axis and 39.20 um for the equatorial
axis; the shape is spheroidal; ornamentation is scabrate -microechinate in C. antitauri.

For C. pterocaula, the polar axis and the equatorial axis are 31.58 um and 27.14 pum in Baser
et al. (2019); 40.42 pm and 36.97 pm in our study. Pollen shape and the exine sculpture of C.
pterocaula show differences between Baser et al. (2019) and our study. The shape is subprolate;
ornamentation is microechinate in Baser et al. (2019); spheroidal and scabrate in our study.

According to literature search, pollen morphology of Psephellus simplicicaulis and Centaurea
patula is given for the first time in this study.

In conclusion, the pollen shape of 8 species, which are we have been studied, is the same
shape but their sizes are different. And there are some differences on the exine surface (sculpture). In
the taxonomy, pollen type gives an idea for these genera besides this it is better to combine it with
morphological, karyological and molecular data.
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Widely used in this regard rotifer (Brachionus plicatilis) has got uneasy culture
procedures, so evaluating alternative live food organisms is very important. In
this study, we have assessed the feasibility of vinegar eels in early stage feeding
of altricial fish larvae. Zebra fish (Danio rerio) have got smaller mouth gap
size than other fish species have been used in feeding trials and acceptabilities
of vinegar eels by larvae was evaluated. And also, an increase in protein
contents of vinegar eel evaluated using bacterial proteins (Lactococcus
garvieae).
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Zebra balig1.

erken evre besleme islemlerinin bagarilmasi larva kayiplarini azaltmak igin ¢ok
onemlidir. Bu nedenle, ilk agiz boslugu biiyiikligiinde balik larvalari i¢in uygun
canli gida organizmalarmin iretilmesi ve kullanilmasi gerekmektedir. Bu
konuda yaygin olarak kullanilan rotifer (Brachionus plicatilis), kolay olmayan
kiiltiir prosediirlerine sahiptir, bu nedenle alternatif canli gida organizmalarmin
degerlendirilmesi ¢ok dnemlidir. Bu ¢aligmada altrisayal balik larvalarinin erken
beslenme evresinde sirke kurdunun canli yem olarak uygulanabilirligi
denenmistir. Diger balik tiirlerinin beslenme denemelerinde kullanilandan daha
kiigiik agiz boslugu biyiikliigiine sahip olan Zebra balig1 (Danio rerio)’nin sirke
kurtlarmi canli yem olarak kabul edilebilirlikleri degerlendirilmistir. Sirke
kurtlarmin beslenmesinde ise bakteriyel (Lactococcus garvieae) proteinlerin
kullanimi degerlendirilmistir.

1. Introduction

A major bottleneck in the production of altricial fish larvae is inadequate nutrition during the
carly stages. In spite of improvements in microparticulate diet technology, exclusive use of formulated
diets is problematic and currently, feeding larval fish with live food organisms during early stages
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results in higher growth and survival rates (Onal et al., 2015). Especially at commercial rearing of
ornamental fish larvae, early stage feeding is very significant to reduce larval loses. For this reason, it
is necessary to produce and use live feeds suitable to the mouth gap of larvae.

The brackish water rotifer, Brachionus plicatilis, is one of the most important live food
organisms that are extensively used for the fish culture of most altricial larvae all over the world (Onal
et al.,, 2015). However various contamination problems faced while rearing rotifer and due to the
difficulties of rearing procedures, it is a bottleneck at larval feeding especially commercial rearing of
ornamental fish. The beginning time of exogenous feeding at altricial fish larvae differ according to
species. Generally, the mouth apertures of larvae at this stage is quite big. Therefore, it is necessary to
feed the larvae with suitable size live feeds. It is quite important that the live feed which will be used
at larval feeding must be acceptable by the larvae besides the sizes of live feeds. It is necessary to use
live feeds which are quite motile at the water column to interest larvae. Because of some difficulties at
intensive rearing and stocking of live feeds generally popular food at early stage feeding is egg yolk at
commercial rearing of ornamental fish larvae in our country. But, due to the immobility of egg yolk at
water column and formation of the layer which will damage water quality at the aquarium floor
increase larval mortality. However, at early stages due to immaturity of the digestive system of larvae
and inadequate level enzyme activities it is necessary to use live feeds and because of this situation it
is mandatory to use alternative live feeds. In this study the usability of a free living nematode species
vinegar eel (Turbatrix aceti) at larval feeding and enrichment of composed culture with bacterial
proteins is evaluated.

In aquaculture, Lactococcus garvieae is an important bacterium at the head of bacterial factors
in our country (Cagirgan, 2004). Lactococcus garvieae causing Laktokokkozis is a septicemic disease
that emergent depending upon temperature increase. And then it leads to economic casualties in fresh
water and marine fishes (Ghittino and Prearo, 1992; Carson et al., 1993; Bark and McGregor, 2001;
Diler et al., 2002; Eyngor et al., 2004; Vendrell et al., 2006; Savvidis et al., 2007; Evans et al., 2009).
Species of belonging to genus Lactococcus take place within the family Streptococcaceae.
Streptokokkozis disease in rainbow trout has reported in Japan in 1958 by Hoshina for the first time.
In our country, Streptokokkozis has reported in Karacasu county of Aydin province in small family
management in 1992 for the first time (Cagirgan, 2004). At the same year, 5 different epizooties have
appeared in the same management. In 1993, while the water temperature at 12 °C, plenty of
Lactococcus isolated from the intestine system of fishes. When the water temperature has increased to
15 °C degrees, it caused 60 percent of mortality within 3 days. Laktokokkozis disease has also begun
to be seen at other trout farms when the water temperature above 15 °C in 2000. Almost all of the trout
farms to spread and has caused serious losses by the way of transferring pathogenic fishes.

2. Materials and Methods

First of all, we have aimed to breed vinegar eels in prepared culture media. For that purpose,
culture media was composed as 1 liter glass jars including fifty percent of cider vinegar and fifty
percent of apple juice. Vinegar ells were obtained from stock culture was inoculated into culture media
for breeding. However, an altricial ornamental fish larvae have got suitable mouth gap is determined to
using for vinegar eels as live food. So, Zebrafish (Danio rerio Hamilton, 1822) from the family
Cyprinidae was chosen. These fishes have long been used in biomedical research and testing, in the
last years has the zebrafish (Danio rerio) become an important research tool (Francis-West et al.,
1995). Zebrafish is important for the aquarium sector as well as model fish species for biological
science. Zebrafish have got transparent larvae in early life stages and reproduction capacities are
higher than the other many ornamental fish species. And also these fishes have got easy culture and
stocking procedures. Zebrafish is an important laboratory model for studies of genetics and disease
due to have got fast growth performance and genotype specifics similar to human (Lamason et al.,
2005). Aquariums and fed on kind of live foods (Blood worms and sludge worms) and commercial
flake baits for during 2 weeks. After the adaptation period, suitable water quality parameters for this
species were provided and eggs were taken from mature fishes.
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2.1. Morphological measurements on larvae and vinegar eels

First feeding of Zebra fish larvae on 3™ day after yolk absorption (3 DAH-3 Day After
Hatching) and also mouth gap is opened at 3 DAH. Vinegar eels were offered to larvae during the first
day of exogenous feeding. Mouth gap sizes when it first opened of larvae and live bait sizes and
shapes are essential for using live bait efficiently. So, we have performed some measurements on
larvae and vinegar eels. 20 larvae were selected randomly in larvae tank at 3 DAH and mouth gap
sizes were measured with the stereo microscope. In addition, 20 eels were taken randomly from
culture media at the end of a 15-day culture period and eels were measured using binocular
microscope.

2.2. Acceptability experiments with fish larvae

30 larvae were taken randomly from inside of larvae tank and transferred to 500 ml. beaker
with the inclusion of 25 °C distilled water, in order to determine whether vinegar eels have been
received by larvae. An aquarium heater (25W) for maintaining at 25 °C and an air stone for water
circulation were installed into the beaker. Since the opening of the mouth, not any baits were added
into larvae tank. Just after larvae were taken into the beaker, not any baits were added to beaker for a
period of 12 hours for the stomach and the digestive tract is completely empty. At the end of 12 hours,
vinegar eels were added into beaker as 25 eels /100 ml. Larvae were randomly taken from the beaker
end of the 10. 30. and 60. minutes and larvae were investigated to evaluate the digestive tract and
stomach fullness with eels. After the first feeding, this process was repeated at 5 DAH and 7 DAH.
By the time the end of the feeding trial, all of the larvae were fed with only vinegar eels 2 times a day
(Robin and Vincent, 2003).

2.3. Bacteria isolation

Bacterial isolates used in the study, were isolated from rainbow trout and identification has not
been performed. Bacteria isolations were repeated having been incubated for a period of 24 hours at 22
°C in Tryptic Soy Agar (TSA). After the incubation period, colonies of bacteria were analyzed in
terms of morphological features such as color, shape and brightness (Austin and Austin, 1999).

2.4. Bacterial identification
2.4.1. DNA isolation

Total genomic DNA isolations were insulated using DNA Mini Plus Kit (Qiagen) in QIAcube.
Real-Time PCR analysis were carried out with a volume of 25 pl mixture of specific forward, reverse
primers (27F-1492R), SYBRGreen qPCR Mastermix and DNase-RNase free water (Onalan and
Yavuz, 2019).

2.4.2. Real-Time PCR operation

In Real-Time PCR process, pre-denaturation was carried out at 95 °C for 10 min, denaturation
94 °C for 45 sec, anneling at 55 °C for 30 sec and extantion at 72 °C for 45 sec. Cycle was completed
as 45 cycle. Then as the last step, last-extantion process was carried out at 72 °C for 7 minutes. During
the Real-Time PCR operation, non-template control tubes were used as a negative control. In
RotorGene Q 9000 software, sigmoidal curves have been commented as positive (Livak and
Schmittgen, 2001; Altinok et al., 2007).
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2.4.3. Sequence Analysis

After the Real-time PCR analysis, sequence analysis of the target region was performed with
PCR amplicons and Primers. Real-Time PCR operation was repeated for the purpose of cleaning the
PCR amplicons. After that PCR amplicons were sent for sequence analysis. Results in PDF and Word
format blast in NCBI web sites (Duman et al., 2017).

2.5. Obtaining of bacterial protein

In this process, developing colonies were cultivated to TSB medium after development at 37
°C for 24 hours in TSA medium. And then bacterial development was repeated in TSB medium at 37
°C for 24 hours. Developing bacteria have centrifuged in 10400 rpm and bacteria pellets have
obtained. 100 pl of ultra-pure water adding onto bacteria pellet was made a suspension by pipetting. In
order to obtain bacterial protein, bacterial suspension have centrifuged in 10000 rpm for 5 minutes and
supernatant of suspension were moved away. Cell lysis buffer adding onto bacteria pellet, cells have
lysed by use of sonication. Homogenate has centrifuged in 14000 rpm for 10 minutes and protein
extracts were obtained. After the centrifuge process, supernatant has taken to Eppendorf tubes and
concentration of homogenate was calculated using Bradford solution (Gorgisen ve ark., 2013).

2.6. Calculation of the spectrophotometric development

In order to calculate increase of the optical density as spectrophotometric that formed as a
result of feeding on bacterial proteins;
a) Distilled water and vinegar eels,
b) Distilled water and protein,
c) Distilled water, protein and vinegar eels,
d) Distilled water, vinegar and vinegar eels,
e) Control,

A trial was established that above mentioned contents of 5 groups. In the experiment, the
optical density at 600 nm synchronized as amount of vinegar eels were prorated to the groups with the
inclusion of vinegar eels. Due to development an increase in densities were spectrophotometrically
measured and results has been made graphically using by Graphpad Prism software (Cevik and
Onalan, 2019).

3. Results
3.1. Morphological measurement results

The time of mouth opening 3. day (after hatching 74-75. hours), larvae were taken randomly
and mouth gap sizes were measured. Larvae were placed vertically into the glass capillary tubes and
mouth gap sizes were measured using stereo microscope. Accordingly, average of measurements was
performed on the 20 larvae was determined as 124 pm (Fig 1).

At the end of a 15-day culture period, vinegar eels were randomly taken and eels were
measured. The thickness of body region of 50 eels were measured and average was determined as 57

pum (Fig 1).
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Figure 1. Vinegar eel diameter of body (widest part) and Larvae (74 h) mouth gap size.

3.2. Feeding experiment results

At the end of the feeding trials, vinegar eels were encountered throughout the digestive tract
and stomach of larvae at 3 day after hatching (3 DAH) and the following days (Fig 2).

Figure 2. First feeding on vinegar eels.

Similarly, when feeding trial carried the following days, it has observed that use up vinegar
eels and their stomach is full at 5 DAH and 7 DAH (Fig 3).

Figure 3. 5 and 7. days after hatching digestive tract and stomach fullessith vinegar eels

749



YYU TAR BIL DERG (YYU J AGR SCI) 29 (4): 745-754
Onalan ve Sepil / An Alternative Live Food for Fish Larvae; Vinegar Eels (Turbatrix aceti) Enriched with Bacterial Protein

3.3. Bacterial identification results

In our study, with the aim of identification of L. garvieae using as source of protein in the diet
of vinegar eels, as a result of sequence of amplicons were obtained from PCR (Fig 4), were confirmed
as L. garvieae at the rate of %96. Results of nucleic acid and amino acid sequence is given below (Fig

, 6).
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Figure 4. Real-Time PCR positive results of two same Lactococcus garvieae bacterial DNAs (*NC-1:
Negative control (Master mix), NC-2: Negative control (Primer), NTC: Non-Template Control).
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Figure 5. Amino acid and nucleic acid sequence of PCR amplicons.
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) Lactococcus garvieae strain Cp13 16S ribosomal RNA gene, partial sequence 1655 1655 60% 0.0 96.256% MH295804.1
) Lactococeus garvieae strain RCB59 168 ribosomal RNA gene, partial sequence 1655 1655 60% 0.0 96.25% KT260271.1
) Lactococeus garvieae strain 2.1.20 168 ribosomal RNA gene, partial sequence 1653 1653 60% 0.0 96.25% MK611300.1
") Lactococeus garvieae strain M-T-MRS_42 168 ribosomal RNA gene, partial sequence 1650 1650 60% 0.0 96.15% JQ795811.1
0L qarvieae strain JJIN1 complete genome 1648 8241 58% 0.0 97.23% CP026502.1
) Lactococeus garvieae strain F19 168 ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MK559554.1
) Lactococous garvieae JRC-LG3 gene for 16S ribosomal RNA, partial sequence 1648 1648 60% 0.0 96.15% LC377166.1
) Lactococeus garvieae JRC-LG2 gene for 168 ribosomal RNA, partial sequence 1648 1648 60% 0.0 96.15% LC377165.1
O L garvieae JRC-LG1 gene for 16S ribosomal RNA, partial sequence 1648 1648 60% 0.0 96.15% LC376029.1
DL garvieae strain ICMP 22332 16S ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MK368652.1
71 Lactococcus garvieae strain ICMP 22338 168 ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MK368649.1
) Lactococcus garvieae strain HBUAS54146 16S ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MH701935.1
7] Lactococcus garvieae strain HBUAS54145 16S ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MH701934.1
) Lactococcus garvieae strain def2 16S ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MH198321.1
") Bacterium strain IMAU11938 168 ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MF893797.1
] Bacterium strain IMAU11884 16S ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MF893796.1
"] Bacterium strain IMAU11839 168 ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MF893795.1
"] Bacterium strain IMAU11826 16S ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MF893794.1
] Bacterium strain IMAU11813 16S ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MF893792.1
] Bacterium strain IMAU11812 16S ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MF893791.1
] Lactococcus garvieae strain IMAU50348 16S ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MG547289.1
"] Lactococcus garvieae strain IMAU50347 16S ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MG547288.1
) Lactococcus garvieae strain FJAT-18104 16S ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MF385039.1
") Lactococcus garvieae strain MJF010 16S ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MH057260.1
) Lactococcus garvieae strain $1-107 16S ribosomal RNA gene, partial sequence 1648 1648 60% 0.0 96.15% MF327S72.k

Figure 6. NCBI blast results of sequence results.

Obtained results of nucleic acid and amino acid sequences were blast by nblast method on the
NCBI website. Obtained from results of the blast, according to above %96 similarity ratio identificate
that L. garvieae.

3.4. The results of using bacterial protein on feeding trial

Proteins that obtained from L. garvieae isolates using Bradford method were used for feeding
vinegar eels. Vinegar eels were used bacterial proteins contained within distilled water. Eels had
stayed alive during the study period and also the presence of protein was monitored in digestive tract

(Fig. 7).

Figure 7. Bacterial proteins intake by vinegar eels.

Performed with Bradford method that in order to determine the increase in total protein
amount depending upon vinegar eels feeding on protein. These total protein values are given below.
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Figure 8. Total protein values of different groups.
3.5. Spectrophotometric development results

In different groups, depending on development of the vinegar eels, increase the density of the
results are given below.

Spectrophotometric Results

0.20- [ Control water
[ Water + Worm
0.15+ Water + Bacterial protein
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0.05- | lll ; 1
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Figure 9. Density change depending upon development of eels.

In line with the results from the chart, development of optical density of eels feed on bacterial
protein 3 fold more than vinegar eels in water. Similarly, development of optical density of eels feed
on bacterial protein 2 fold more than development of eels in white vinegar.

4. Discussion and Conclusion
Morphological measurements on larvae and vinegar eels show that vinegar eels are a live feed

that can be used in early stage larval feeding procedures. In addition, the detection of vinegar eels in
the digestive tract of the larvae from the moment of exogenous feeding in the experiments reveals the
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acceptability of the larvae. The zebra larvae used in the study are altricial larvae with very small first
mouth opening (3 DAH) and are generally used as a model for the first feeding species with rotifers.
Therefore, it is thought that vinegar eels can be used for feeding species that are commercially grown
and need rotifers similarly. In commercially dense bream (S. aurata) larvae, the first mouth opening is
quite small as in zebra larvae. Therefore, the use of rotifers in larval breeding is essential. However,
contamination problems encountered in rotifer cultures and sudden collapses in the population reveal
the need for the alternative live feed. However, the acceptability of the feed by the larvae is largely
related to the fact that the live feed is movable within the water column.

In the first steps of the study, vinegar eels were observed to survive at -40 °C and -80 °C after
1, 5 and 10 min. In a study conducted with vinegar eels, it was reported that they could survive at -77
°C (Gehenio and Luyet, 1951).

There are many studies conducted with bacterial proteins for different purposes (Williams et
al., 1991; Qverland et al., 2001; Aas et al., 2006). However, no study has been found to feed vinegar
eels which are used as live feeds for larval feeding of bacterial proteins. Although bacterial diseases
have a very important place in the field of aquaculture, bacteria have been evaluated to benefit in
many areas. Biodiesel production (Olguin, 2012), the production of yogurt (Lee et al., 1974), treatment
with different bacteria against different bacterial diseases and biofilm (Heiby et al., 2010) in many
areas such as bacteria-oriented solutions are used in different areas of life. The nutritional needs in the
fisheries field is an important expense. Vinegar eels are highly mobile and have high tolerance to
unfavorable environmental conditions, increasing the potential of being an alternative live feed in
larval breeding. It is thought that the use of bacterial protein for feeding vinegar eels, which are
considered to be of great advantage as a live feed, will have beneficial effects on aquaculture.

As a result of the study, it is understood that vinegar eels need to be carried out in order to
determine the optimum growth conditions and procedures for intensive culture and the use of bacterial
proteins as live feeds is appropriate in terms of cost and adequacy.
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Abstract: The aim of this study is to investigate the effects of a constant rate of
sewage sludge (SS) together with cadmium (Cd) and zinc (Zn) at varying levels
on the growth of lettuce and antioxidative enzyme activity. In the pot experiment,
a fixed ratio of 10%SS with varying doses of Cd (Cd1:50 mg Cd kg!; Cd2:100
mg Cd kg!) and Zn (Zn1:250 mg Zn kg'; Zn2:500 mg Zn kg') was applied.
According to experiment results, compared to the control, 10% SS + Cdl and
10% SS + Cd2 applications significantly reduced fresh and dry shoot weights,
plant height, Zn content and SOD (superoxide dismutase) enzyme activity in the
root and shoot of lettuce. However, 10%SS +Cd1 and 10%SS+Cd2 applications
significantly increased shoot and root Cd contents, GPX (glutathione peroxidase)
enzyme activity in plant and the amount of Cd in soil. On the other hand,
10%SS+Zn1+Cd1 application increased fresh shoot weight, Zn content, SOD and
GPX enzyme activities in the shoot of lettuce and decreased the amount of
DTPA-Cd in comparison with 10%SS+Cdl application. Compared to the Cdl
application, 10%SS+Zn2+Cd1 application increased SOD and GPX enzyme
activities in the root of lettuce. In comparison with 10%SS +Cd2 application,
10%SS+Zn2+Cd2 application increased fresh and dry shoot weight, Zn content,
SOD and GPX enzymes in both shoot and root of lettuce and decreased shoot Cd
content and the amount of DTPA-Cd in soil. These results indicate that the Zn
application could be beneficial for reducing the toxic effects of Cd in lettuce.

Aritma Camuru ile Zenginlestirilmis Topraga Uygulanan Kadmiyum ve Cinkonun
Marulun (Lactuca sativa L. var. longifolia) Gelisimi ve Antioksidatif Enzim Aktivitesine
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Oz: Bu ¢alismanin amaci sabit oranda aritma ¢amuru ile birlikte kadmiyum ve
¢inko diizeylerinin marul bitkisinin gelisimine ve antioksidatif enzim aktivitesine
etkisini aragtirmaktir. Saksi ¢aligmasinda sabit oranda, aritma ¢amuru (%10AC),
degisen oranlarda kadmiyum (Cd1:50 mg Cd kg!;Cd2:100 mg Cd kg™!) ve ¢inko
(Zn1:250 mg Zn kg'!; Zn2:500 mg Zn kg') uygulanmustir. Elde edilen sonuglara
gore,%10 AC+Cd1 ve %10AC+Cd2 uygulamalari, kontrole gore, marul bitkisinin
kuru ve yas siirgiin agirligini, bitki boyu, ¢inko icerigini ve kok ve siirglin
bolgesinde SOD (siiperoksit dismutaz) enzim aktivitesini Onemli diizeyde
azaltmigtir. Bununla birlikte marul bitkisinin kok ve siirgiin kisimlarinda ve
toprakta kadmiyum konsantrasyonu ile GPX (glutatyon peroksidaz) enzim
aktivitesi Onemli diizeyde artis gostermistir. Ancak 10%AC +Znl+Cdl
uygulamasi ile 10%AC +Cdl karsilastirildiginda, marulun siirgiin kisimlarinda
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SOD ve GPX enzim aktiviteleri, ¢inko igerigi ve siirglin yas agirliginda artisa
neden olurken toprakta DTPA-Cd (yarayish-Cd) igeriginde diisiise neden
olmustur. 10%AC +Zn2+Cdl uygulamasi ile 10%AC +Cd1 karsilastirildiginda,
marul kok bolgesinde GPX ve SOD enzim aktiviteleri artig gostermistir. 10%AC
+Zn2+Cd2 uygulamasi ile 10%AC +Cd2 karsilastirildiginda bitkinin siirgiin yas
ve kuru agirligl, Zn iceriginde ve hem kok hem siirgiin SOD ve GPX enzim
aktivitesinde artisa neden olurken siirgiin Cd igeriginde ve toprak DTPA-Cd
(yarayisli-Cd) iceriginde diigiise neden olmustur. Bu sonuclar gdstermektedir ki,
marul bitkisinde cinko uygulamas: kadmiyum toksisitesini azaltmada faydali
olabilir.

1. Introduction

Cadmium (Cd) is a non-essential and toxic heavy metal (Grant et al., 1998). Cd is very easily
taken up by plant roots and accumulates in plants due to its much more mobile nature relative to other
heavy metals. Various crops such as lettuce and spinach, grown in heavy metal polluted soils
accumulate large amounts of Cd. This causes heavy metals to join the food chain (Monterio et al.,
2009). Cd causes visible symptoms such as browning of roots, necrosis, chlorosis and slow growth in
many plant species (Giilser and Sénmez, 2012; Tran and Popova, 2013). Cd has been found to induce
oxidative stress in cells leading to the accumulation of reactive oxygen species (ROS) (Liu et al.,
2008). Plant cell which is exposed to Cd stress activates enzymatic defence mechanism including
superoxide dismutase (SOD), glutathione-S-transferase (GST), catalase (CAT), ascorbate peroxidase
(APX) and glutathione reductase (GR) (Hana et.al., 2008; Monterio et al., 2009; Lin and Aarts, 2012;
Viehweger, 2014).

Zinc (Zn) is an essential micronutrient for plants due to a component of many enzymes needed
for the normal development of plants (Aravind et al., 2005). Zn ions in soil lessen the effects of Cd
toxicity by reducing Cd uptake (Koleli et al., 2004). In lettuce and spinach, Zn has a synergistic
interaction with Cd at the root surface (Kabata-Pendias and Pendias, 1984). However many studies
show that the relationship between Zn and Cd is antagonistic because both elements have overlapping
features (Rizwan et al., 2017). Zn helps the reduction of Cd concentration both in plants and in soil
solution (Saifullah et al., 2014). Mckenna et al. (1993) reported that Zn application reduces the
accumulation of Cd in roots and transportation of Cd from roots to young leaves in lettuce and
spinach. The relationship between Cd and Zn depends heavily on plant type, tissue type and cadmium
and zinc concentration (Zhao et al., 2011). Zn has an important role in the anti-oxidative defence
system against the destructive effects of reactive oxygen species. Zn is a necessary metal component
of key enzymes such as Cu-Zn SOD, APX, and GR (Cakmak, 2000; Wu and Zhang, 2002). Zn
application improves growth and yield in wheat grown in Cd-contaminated soil (Abbas et al., 2017).
Rizwan et al. (2017) reported that foliar application of Zn-lysine (Zn-lys) complex decreased Cd
contents as well as reduced the oxidative stress in wheat.

Sewage sludge (SS) contains high levels of heavy metal. Heavy metal toxicity is an important
factor in limiting agricultural production. In this case, the source of the SS is important. However, the
application of SS results in an increase in organic matter, nitrogen, phosphorus and microbiological
activity in the soil (Castro et al., 2009). Erdogan et al. (2011) reported that the SS application
increased heavy metal concentration in ornamental plants. Hossain et al. (2015) reported that
compared to biochar and sewage sludge, biochar application reduced the accumulation of heavy
metals in cherry tomatoes. Although SS is a source of heavy metals, it is an important organic
complex that controls the solubility of heavy metals, due to its high organic matter content.

The aim of this study is to investigate the effects of Cd and Zn in the soil added with SS on
plant development and antioxidative enzyme activity in lettuce. We also investigated Cd solubility in
soil and preventive effects of Zn application to mitigate Cd toxicity in lettuce.
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2. Materials and Methods
2.1. Characterization of soil and SS

The soil used in the experiment was taken from the experimental area of the Faculty of
Agriculture of Van Yiiziincii Y1l University. The soil characteristics are presented in Table 1. The
experiment soil was characterized by alkaline pH, unsalted, medium calcareous, low organic matter
and low nitrogen. SS was taken from the Van Municipality Wastewater Treatment Plant. Cd, Pb, Cu
and Zn contents in SS were under the threshold values recommended in the soil pollution control
guideline (Anonymous, 2010) (Table 1).

Table 1 Characteristics of soil and SS

Units Soil SS
Texture Sandy Clay Loam
pH (1/2.5) 8.42 6.91
Salt, dS/m 0.10 1.0
Lime, % 12.22 -
Organic Material, % 1.97 27.4
Total N % 0.095 1.42
Available P, mg/ kg 7.1
Extractable with DTPA mg/kg
Fe mg/kg 9.18
Zn mg/kg 1.52
Cu mg/kg 0.72
Mn mg/kg 8.99
Cd mg/kg 0.01
Pb mg/kg 0.285
Total elements %
P % - 0.58
K % - 0.19
Fe % - 0.79
Zn mg/kg - 762
Cu mg/kg - 111
Mn mg/kg - 645
Cd mg/kg - 0.73
Pb mg/kg - 40.3

2.2. Pot experiment

The pot experiment was carried out in the growth chamber in the Faculty of Agriculture, Van
Yiiziincii Yil University. The temperature of the growth chamber was set to 18+2°C because lettuce is
a cool climate vegetable crop. In the present study, completely randomized design with four-
replication trial was carried out. After eight weeks of the development period, plant samples were
taken from each parcel, both from the root and above-ground parts. In each application, 4 plots and 15
pots were formed in each parcel. Each pot was filled with 300 g soil and planted with 5 seeds. After
germination, the seedling was checked and noted for 8 days. Dilution was made in the way that a plant
remains in each pot. In the experiment, at a fixed ratio of 10% SS, two different levels of Cd and Zn
were applied. These applications were 50 mg Cd kg™, 100 mg Cd kg™!, 250 mg Zn kg and 500 mg Zn
kg!. Ten applications consisted of combinations of SS, Cd, and Zn are as follows:

1-. Control 2- 10% (SS) 3-10%SS+Cd1: 50 mg Cd kg'4-10%SS+Cd2: 100 mg Cd kg' 5-10%SS
+Znl: 250 mg Zn kg'6-10%SS +Zn2: 500 mg Zn kg'7-10%SS+Zn1+Cdl 8-10%SS+Znl1+Cd2 9-
10%SS+Zn2+Cd1 10-10%SS+Zn2+Cd2.
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2.3. Chemical analyses of soil and SS

The soil samples and SS were air-dried in a shadowy place and passed through a 2 mm sieve.
In line with the guidelines, soil texture was determined by Bouyoucous hydrometer method
(Bouyoucous, 1951). In 1:2.5 soil-water mixture and 1:5 SS-water mixture, pH was measured
(Jackson, 1958). Lime content was calculated using Scheiblercalcimeter (Hizalan and Unal, 1966).
Soil organic matter was determined using Walkley Black method (Walkley, 1947). Total N was
measured using the Kjeldahl method (Kacar, 1994). Available Fe, Cu, Zn, Mn, and Cd were extracted
with DTPA and then measured using Atomic Absorption Spectrophotometer (AAS) technique (Kacar
and Katkat, 1999). The amount of organic matter in SS was determined using the combustion method
suggested by Kacar, 1994. Air-dried samples were digested with a mixture of HNO3;-HClO;4 acids and
analysed for the concentration of P,K, Fe, Cd, Pb Fe, Zn, Cu, and Mn by using atomic absorption
spectrophotometer (Kacar, 1994).

2.4. Enzyme analysis in plant sample

Enzymatic measurements were carried out at 4 °C. Fresh samples (1 g) were homogenized in 6
ml 0,1 M potassium phosphate buffer (pH 7.0). After being homogenized, 200 mg
Polyvinylpolipidolidone (PVPP) and 0.1 M EDTA (Etilen diaminetetraacetic acid) was added.
Homogenates taken into the tubes were centrifuged at +4 °C at 21000 g for 15 minutes. The
supernatant was used as a crude enzyme extract for SOD, GPX, GR, GSH enzyme analyses.
Superoxide dismutase (SOD EC 1.15.1.1) activity was measured with calculating inhibition
percentage of formazan formation using the Randox-Ransod enzyme kit at 505 nm
spectrophotometrically (McCord and Fridovich, 1969). Glutathione-S-transferase (GST) was
measured at 25 °C spectrophotometrically by following the conjugation of glutathione with 1-chloro-2,
4-dinitrobenzene (CDNB) at 340 nm (Mannervik and Guthenberg, 1981). Glutathione peroxidase was
measured by the Randox-Ransel enzyme kit at 340 nm using spectrophotometry (Shimadzu UV/VIS-
1201). This enzyme activity was determined by the change in absorbance values during the oxidation
of nicotinamide adenine dinucleotide phosphate (NADPH) (Fhole and Giinzler, 1984). GR was
measured at 340 nm by following the oxidation of NADPH by GSSG, oxidized glutathione, (Beutler,
1984). CoStat software package was used for statistical analyses. Significant differences were
determined by Duncan’s Multiple Range tests (Diizgiines et al., 1987).

3. Results and Discussion
3.1. Plant growth

The application of 10% SS alone did not have a significant impact on shoot length, shoot fresh
weight and shoot dry weight in lettuce compared to the control due to low Cd content. 50 mg Cd kg
I(Cd1) and 100 mg Cd kg!' (Cd2) additions decreased shoot length, shoot fresh and dry weight
compared to the control in lettuce (Table 2). Visual symptoms of Cd toxicity were necrotic areas
spreading from the edges to centre in the oldest leaf in lettuce. Another symptom of Cd applications
was a noticeable decline in biomass and development compared to the control (Figurel). In
comparison with the control, 100 mg Cd kg' decreased root fresh and dry weight. It has been
determined that Cd stress inhibits plant growth in various studies on different plant species (Benavides
et al 2005). This may affect only young leaves, only old or both young and old leaves (Tran and
Popova, 2013). 10%SS +Zn2+Cd1 and 10%SS +Zn2+Cd2 applications increased shoot length, shoot
fresh and dry weight compared to 10%SS+Cdl and 10%SS +Cd2 applications. However,
10%SS+Zn1+Cdl and 10%SS+Zn1+Cd2 applications did not have a significant impact on the yield
parameters in lettuce (Table 2). We found that high levels of Zn had significant positive effects on
yield parameters of lettuce under Cd toxicity conditions in SS amended growth medium.
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KONTROL 100 ppm Cd

100 ppm Cd

Figurel: Effects of, 100 mg/kg Cd applications (right), 100 mg kg' Cd and control applications (left)
on the shoot of lettuce.

Hassan et al. (2005) identified that Zn applications increased growth in two rice cultivars
under Cd toxicity. Wu and Zhang (2002) reported that the addition of Zn in Cd-contained solutions

was related to an increase in shoot and root biomass relative to Cd alone treatment in barley.

Table 2. Effects of SS, Cd (50,100 mg kg™') and Zn (250, 500 mg kg") applications on plant growth of

lettuce.
Applications Shoot length Shoot fresh Shoot dry weight Root fresh Root dry weight
(cm) weight ( g/ pot) (g/ pot) weight (g/ pot) (g/ pot)
Control 16.90+1.60b 11.97+1.57ab 0.75+0.045b 3.61+0.35a 0.18540.046 a
10%SS 17.11£1.84b 13.14+1.53a 0.68+0.095bc 2.31+0.36b 0.11340.029 cde
10%SS+Cd1 12.7040.64cd 8.62+1.78¢ 0.50+0.105 de 3.25£0.61a 0.165+0.021ab
10%SS+Cd2 10.48+0.45¢ 5.31x1.30d 0.37+£0.027 ¢ 2.31+0.53 b 0.130+ 0.037cde
10%SS +Znl 17.5741.39b 12.40+0.70ab 0.64+0.050 be 2.13+0.35b 0.108+0.022 ¢
10%SS +Zn2 18.26+1.49ab 14.02+1.63a 0.92+0.134a 2.584+0.59 b 0.147+0.028 bed
10%SS +Zn1+ Cd1 12.70+0.82cd 6.86x1.92d 0.45+0.027 ¢ 2.02+0.38 b 0.117+0.010cde
10%SS +Zn1+Cd2 11.75+1.48de 6.64+1.30d 0.38+0.053 ¢ 2.10 +0.079b 0.108+0.014 ¢
10%SS +Zn2+Cd1 19.6140.82a 13.77+2.86a 0.70+0.146 be 2.34+0.16b 0.11240.013 de
10%SS +Zn2+Cd2 14.52+1.03¢ 9.58+2.37bc 0.60+0.042 cd 2.52 +£0.55b 0.149+ 0.022bc

*a,b,c,d,e: Statistically significant mean differences are indicated with different letters in the same column (p<0.05).

3.2. Antioxidative enzyme activity in lettuce

10%SS alone application did not change SOD, GST and GR enzymes activity in shoot and root
compared to the control. However,10 % SS +Cdl and 10 % SS +Cd2 applications decreased SOD
enzyme activity and increased GPX activity in shoot and root as compared to the control. 10 % SS
+Cd1+Zn1 application increased SOD and GPX enzyme activity in shoot and increased GST and GR
enzyme activity in root compared to Cdl alone application (Table 3,4). In root 10 % SS+Zn2+ Cd1
application increased SOD and GPX enzymes activity compared to Cdl alone (Table 4). 10 %
SS+Znl+ Cd2 and 10 % SS + Zn2+ Cd2 applications increased SOD and GPX enzymes activity in
shoot compared to Cd2 alone (Table 3). We found that applications did not result in a significant
change of GST and GR enzyme activity but increased SOD and GPX enzyme activity in the shoot and
root of lettuce plant. Jibril et al. (2017) reported that Cd toxicity may prevent cell in two different
ways through binding to specific groups of proteins and lipids thus it may cause free radical formation
inducing oxidative stress. At the same time, nutrient imbalances and reduction in the amount of
vitamin C resulting from the toxic effect of Cd can alone trigger oxidative stress, nutrient deficiencies,
and reduction in plant growth and development of agricultural crops. Plant cells activate anti-oxidative
protection systems in motion to deal with the harmful effects of reactive oxygen species (Hana et al.,
2008; Shahabivand and Aliloo, 2016). In a similar study, Cd treatment decreased SOD and CAT
enzymes activity in bean (Phaseolus vulgaris) (Chaoui et al., 1997). However, Cherif et al. (2011)
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found that Cd application increased SOD enzyme activity whereas APX, GR enzyme activity
decreased in tomato plants.

Table 3. Effects of SS, Cd (50, 100 mg kg™!) and Zn (250, 500 mg kg!) applications on anti-oxidative
enzyme activities in the shoot of lettuce.

Shoot (U g! tissue)

Applications SOD GST GR GPX
Control 867+15.45 be 0.177+0.046 a 0.174+0.013a 1858+124 ¢
10%SS 873+ 4.97abcde 0.16140.042a 0.12740.046ab 7052+ 512ab
10%SS+Cdl1 837+16.59d 0.16240.017 a 0.129+ 0.028ab 4427+ 1176¢cd
10%SS+Cd2 836+ 10.39d 0.154+0.013 a 0.131+ 0.050ab 4015+488 d
10%SS +Znl 875+ 2.22ab 0.177+0.031a 0.108+ 0.036b 5921+ 876bcd
10%SS +Zn2 881+ 1.26a 0.15140.017 a 0.098+ 0.017b 7148+ 2603ab
10%SS +Znl+ Cd1 881+1.26 a 0.186+ 0.020a 0.104+0.025 b 7956+ 2071ab
10%SS +Zn1+Cd2 861+3.65 ¢ 0.190+0.005 a 0.118+0.027b 6550+ 1989bc
10%SS +Zn2+Cd1 878+3.40ab 0.16440 .025a 0.125+0.030ab 9063+1743 a
10%SS +Zn2+Cd2 876+ 2.50ab 0.17440.029 a 0.123+0.025b 6540+ 597bc

*a,b,c,d,e: Statistically significant mean differences are indicated with different letters in the same column (p<0.05).

Table 4. Effects of SS, Cd (50, 100 mg kg™!) and Zn (250, 500 mg kg!) applications on anti-oxidative
enzyme activities in the root of lettuce

Root (U g! tissue)

Applications SOD GST GR GPX
Control 8324943 a 0.115+0.012 ¢ 0.038+0 .007cd 287+ 102e
10%SS 831+£20.82 a 0.144+0.023 de 0.035+0.007 d 4224+ 119¢
10%SS+Cd1 739+ 19.55¢ 0.164+ 0.049bcde  0.045+ 0.013bed 17234 255bc
10%SS+Cd2 753+ 31.35d 0.158 £0.016cde 0.056 £0.011ab 1759 £92.6bc
10%SS +Zn1 834+ 11.84a 0.128+0.020 ¢ 0.0424+0.004 bcd  455+89.4 ¢
10%SS +Zn2 848+ 11.63a 0.210£ 0.056abc 0.044+0.006 bcd  1005+293 d
10%SS +Zn1+ Cdl 789+ 28.13bc  0.227+0.038a 0.068+0.011 a 1777+271 be
10%SS +Zn1+Cd2 771£23.02cd  0.220+0.047 ab 0.048+0.004 bcd 2046 £296b
10%SS +Zn2+Cd1 828+ 7.05a 0.191£0.039 abcd  0.051+£ 0.015bc 2818+ 874a
10%SS +Zn2+Cd2 820+ 9.54ab 0.207+ 0.034abcd  0.047+ 0.004bcd  14404+233cd

*a,b,c,d,e: Statistically significant mean differences are indicated with different letters in the same column (p<0.05).

Zn as a metal component of SOD and as an inhibitor of NADPH-oxidase preserves cell
membranes from damage by O™ radicals (Hajiboland, 2000). Zn containing SOD (Cu, Zn -SOD)and
catalase enzymes activity reduced in insufficient Zn content in plants. However, under Zn sufficient
condition, oxidative stress was alleviated with the enzymatic defence mechanism including SOD, GR,
APX (Cakmak, 2000). In a similar study under Cd toxicity conditions, Fe applications influenced SOD
enzyme activity in lettuce (Canal and Bozkurt, 2017; Canal and Bozkurt, 2018). The experiment
conducted with tomato under Cd stress conditions demonstrated that anti-oxidative enzyme activities
were associated with Zn levels (Cherif et al., 2011). Rizwan et al. (2017) found that the application of
Zn-lysine (Zn-lys) complex caused an increase in SOD, APX, CAT and POD enzyme activities in
wheat plant under cadmium stress.

3.3. Cd and Zn contents in different parts of lettuce

The application of 10%SS alone did not increase Cd content compared to the control due to
low Cd content of SS. However 10% SS+Cd1 and 10% SS+Cd2 applications increased Cd content in
shoot and root compared to the control. In 10% SS+Cd1 treatment, root Cd content was 8,65 times
higher than shoot Cd content. In the 10% SS+Cd2 treatment, root Cd content was 8,0 times higher
than shoot Cd content (Table 5). Generally, Cd content reduced in the following order roots>
stems>leaves (Zhao et al 2011). 10% SS+Znl+Cdl application decreased Cd content in shoot
compared to 10%SS+Cd1 application. 10%SS+Zn2+Cd2 application decreased Cd content in shoot

760



YYU TAR BIL DERG (YYU J AGR SCI) 29 (4): 755-764
Bitiktas et al., / Effects of Cadmium and Zinc Applied to the Soil Enriched with Sewage Sludge on Plant Growth and Antioxidative Enzyme Activity of Lettuce (Lactuca
sativa L. var. longifolia)

compared to 10%SS+Cd2 application (Table 5). 10%SS+Znl and 10%SS+Zn2 applications increased
Zn content compared to the control in root and shoot. 10%SS+Znl1+Cd2 and 10%SS+Zn2+Cd2
applications increased Zn content compared to 10%SS+Cd2 treatment in root and shoot (Table 5).
This result indicated that Zn treatments increased Zn and decreased cadmium uptake in different plant
parts of lettuce. In the growing environment with Cd, Zn application reduces the Cd concentration in
the above-ground parts of the lettuce plant and also reduces the transport from the roots to the upper
organs. Cd concentration is higher in the root region of lettuce. It is thought that cadmium accumulates
more in roots as a plant defence mechanism. In a similar study, Rajapaksha and Amarakoon, (2011)
found that the presence of Zn decreased Cd accumulation in shoots of lettuce. Zn and Cd with a
common transfer membrane protein go into the root cell. Many investigators have suggested that Zn
inhibits Cd uptake (Sharma and Agrawal, 2006; Benakova et al., 2017). However Green et. al. (2017)
reported that Zn did not have an impact on Cd uptake in root and translocation to shoot in rice. Zareet.
al. (2018) reported that Cd: Zn ratio was to be very important in cadmium uptake by lettuce plant.
Results were consistent with the previous studies reportingan antagonistic relationship between Zn and
Cd (Cakmak, 2000; Zhao et al., 2005; Murtaza et al., 2017).

Table 5. Effects of SS, Cd (50,100 mg kg') and Zn (250, 500 mg kg™') applications on Cd and Zn
contents of lettuce

Applications Cd (mg kg™ Zn (mg kgh

Shoot Root Shoot Root
Control 0.10£0.026¢ 0.47+0.026 ¢ 39.5+ 1.81g 97.8+ 15.0gh
10%SS 0.19+0.039%¢ 0.84+ 0.036¢ 76.7+ 5.85¢e 170.6+9.37f
10%SS+Cdl 114.0+ 3.55¢ 985.9+ 8.91d 61.3+1.64f 109.1+ 5.62¢g
10%SS+Cd2 186.3+1.32a 1487+ 18.82b 56.7+£0.44f 85.74£3.21h
10%SS +Zn1 0.84+0.076e 5.814£0.128 ¢ 162.8+5.83b 485.2+ 6.31c¢
10%SS +Zn2 0.57+£0.051e 3.15+0.098e 217.7+7.28a 822.1+ 13.80a
10%SS +Zn1+ Cdl 103.34+0.863d 1070.1+£8.98 ¢ 119.2+2.00d 384.1+ 5.02d
10%SS +Zn1+Cd2 180.943.59ab 1654+ 36.51a 122.3+3.35d 339.6+ 8.83¢
10%SS +Zn2+Cdl 119.8+14.22¢ 1057+ 13.42¢ 150.8+ 2.28¢ 554.9 £25.60b
10%SS +Zn2+Cd2 178.5 £1.995b 1499+£27.92 b 164.0+ 5.69b 491.8 £8.71c¢

*a,b,c,d,e: Statistically significant mean differences are indicated with different letters in the same column (p<0.05).

3.4. Cd and Zn content of experimental soil

10%SS alone application did not increase DTPA-Cd compared to the control due to low Cd
content of SS. However 10%SS+Cd1 and Cd2 applications increased DTPA-Cd content compared to
the control. 10 % SS+ Zn+ Cdl application decreased DTPA-Cd content compared to Cdl alone
application. Similarly in 10%SS amended growth medium, increased Zn application with Cd2
decreased DTPA-Cd content compared to Cd2 alone application (Table 6). A reduction of the
extractable Zn in soil by the application of Cd may be due to the exchange of Zn by Cd from soil
sorption sites and non-absorbable complexes in the soil solution (Kabata-Pendias, 2010).
10%SS alone application increased DTPA-Cd compared to the control due to high Cd content of SS.
Increased levels of Zn application with Cdl increased DTPA-Zn content compared to Cdl alone.
Similarly, increased levels of Zn application with Cd2 application increased DTPA-Zn content
compared to Cd2 alone (Table 6).We found that 10% SS +Zn applications with Cd reduced Cd
concentration and increased Zn concentration in soil. Kéleli et al. (2004) reported that Cd application
in Zn deficient soil reduced Zn uptake in wheat, whereas the application of Cd to soil with adequate
Zn did not reduce Zn uptake in wheat. The decrease in grain Cd concentration by Zn application in
Cd-contaminated and uncontaminated soil might be due to the antagonistic effect of Zn (Saifullah et
al., 2014).
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Table 6. Effects of SS, Cd (50,100 mg kg!) and Zn (250, 500 mg kg!) applications on DTPA- Cd and
Zn contents of soil

Applications Cd (mg kg™ Zn (mg kg™
Control 0.0124+0.001 g 1.65+ 0.0341
10%SS 0.0434£0.001¢g 6.72+ 0.19h
10%SS+Cd1 109.8+ 1.31d 12.45+0.56g
10%SS+Cd2 202.5£5.51a 12.02+0.15¢g
10%SS +Zn1 0.075+ 0.024¢ 66.1£1.79¢
10%SS +Zn2 0.1334£0.092¢g 114.4+1.08a
10%SS +Znl1+ Cdl 93.6+1.15¢ 63.83+0.82f
10%SS +Zn1+Cd2 196.7+ 1.17b 67.56+ 1.074d
10%SS +Zn2+Cd1 86.8+4.95f 104.36+0.92b
10%SS +Zn2+Cd2 165.6+4.51¢c 93.53+0.95¢

*a,b,c,d,e: Statistically significant mean differences are indicated with different letters in the same column (p<0.05).

4. Conclusion

According to these results, the low cadmium content of the used sewage sludge did not cause
toxic effects. However, 10% SS +Cd applications had significant toxicity effects in the lettuce plant.
However, 10% SS +Zn applications along with Cd was found to decrease soil Cd concentrations and
increase Zn availability. It was found that this situation reduced Cd uptake in lettuce plant and resulted
in an improvement of yield criteria. Anti-oxidative enzyme activity, particularly SOD and GPX
enzymes, increased with Zn applications under 10% SS+ Cd conditions. These results indicate that a
10% SS+Zn application could be beneficial for ameliorating the toxic effects of Cd in lettuce.

Reference

Anonymous, (2010). T.C. Official Journal of Soil Pollution Control Regulation No: 27605, Ankara.

Abbas, M.S., Akmal, M., Ulah, S Hassan & MU Farooq, S. (2017). Effectiveness of zinc and gypsum
application against cadmium toxicity and accumulation in wheat (Triticumaestivum L.).
Commun Soil Sci Plan, 48, 1659-1668.

Aravind, P., Narasimha, M., & Prasad, V. (2005). Modulation of cadmium-induced oxidative stress in
Ceratophyllumdemersum by zinc involves ascorbate-glutathione cycle and glutathione
metabolism. Plant Physiol Bioch, 43, 107-116.

Benakova, M., Ahmadi, H., Ducaiova, Z., Tylova, E., Clemens, S. & Tuma, J. (2017). Effects of Cd
and Zn on physiological and anatomical properties of hydroponically grown Brassica napus
plants. Environ Sci Pollut Control Ser, 24, 20705-20716.

Benavides, M.P., Gallego, S.M., & Tomaro, M.L. (2005). Cadmium toxicity in plants.Braz J Plant
Physiol, 17, 21-34.

Beutler, E. (1984). Red Cell Metabolism: A Manual of Biochemical Methods. Thirth Edition. ed.
Orlando, FL: Grune and Startton.

Bouyoucous, G.D. (1951). A recalibration of the hydrometer method for making mechanical analysis
of soil. Soil Agron J, 43, 434-438.

Cakmak, 1. (2000). Possible roles of zinc in protecting plant cells from damage by reactive oxygen
species. New Phytol, 146 (2), 185-205.

Canal-Boysan, S., & Bozkurt, M.A. (2017). Effects of iron application against cadmium toxicity on
growth and anti-oxidative enzyme activity in lettuce. Fresen Environ, 26(4), 2614-2620.

Canal-Boysan, S., & Bozkurt, M.A. (2018). Kadmiyum toksisitesine karsi demir giibrelemesi ve
aritma c¢amurunun marul (Lactucasativa L. var .longifolia) bitkisinin gelisimine ve
antioksidatif enzim aktivitesine etkisi. YYU TAR BIL DERG, 28(1), 19-26.

Castro, E., Manas, P., & De las Heras, J. (2009). A comparison of the application of different waste
products to a lettuce crop: Effects on plant and soil properties. Science Horticulturae, 123,
148-155.

762



YYU TAR BIL DERG (YYU J AGR SCI) 29 (4): 755-764
Bitiktas et al., / Effects of Cadmium and Zinc Applied to the Soil Enriched with Sewage Sludge on Plant Growth and Antioxidative Enzyme Activity of Lettuce (Lactuca
sativa L. var. longifolia)

Chaoui, A., Mazhoudi, S., Ghorbal, M.H., & El Ferjani, E. (1997). Cadmium and zinc induction of
lipid peroxidation and effects on antioxidant enzyme activities in bean (Phaseolus vulgaris L).
Plant Sci, 127 (2), 139-147.

Cherif, J., Mediouni, C., Ammar, W.B., & Jemal, F. (2011). Interactions of zinc and cadmium toxicity
in their effects on growth and in antioxidative systems in tomato plants (Solarium
lycopersicum). J Environ Sci -China, 23, 837-844.

Diizgiines, A., Kesici, O.T., Kavuncu, O., & Glirbiiz, F. (1987). Arastirmave Deneme Metodlart
(Istatistik Metodlari-II). Ank. Universitesi Ziraat Fakiiltesi Yayinlar1, Ankara.

Erdogan, R., Zaimoglu, Z., Budak, F.,& Koseoglu, C. (2011). Use of sewage sludge in growth media
for ornamental plants and its effects on growth and heavy metal accumulation. J. Food Agric
Environ, 9, 632-635.

Fhole, L., & Giinzler, W.A. (1984). Assays of Glutathione Peroxidase. Method Enzymol 105, 114-121.

Grant, C.A., Buckley, W.T., Bailey, L.D., & Selles, F. (1998). Cadmium accumulation in crops. Can J
Plant Sci, 78, 1-17.

Green, C.E., Chaney, R.L., & Bouwkamp, J., (2017). Increased zinc supply does not inhibit cadmium
accumulation by rice (Oryza sativa L.). J Plant Nutr, 40, 869-877.

Giilser, F., & Sonmez, F. (2012). Cadmium effects on potassium content and pepper seedling growth
in different peat ratios. Eurasian Soil Sci, 2, 110-115.

Hana, S., Rachid, R., Ibtissem, S., Houria, B., & Mohammed-Reda, D. (2008). Induction of anti-
oxidative enzymes by cadmium stress in tomato (Lycopersicon esculentum). Afr J Plan Sci,
2(8), 72-76.

Hajiboland, R. (2000). Zinc efficiency in rice (Oryzasativa L.) plants. Ph.D dissertation: Verlag
Grauer, Stuttgart. Hohenheim University. Stuttgart, Germany: Verlag Grauer.

Hassan, M.J., Zhang, G., Wu, F., Wei, K., & Chen, Z. (2005). Zinc alleviates growth inhibition and
oxidative stress caused by cadmium in rice. J Plant Nutr Soil SC, 168, 255-261.

Hizalan, E., & Unal, E. (1966). Topraklarda Onemli Analizler, Ankara Universitesi Ziraat Fakiiltesi
Yayinlar1, Ankara.

Hossain, M.K., Strezov, V.,& Nelson, P.F. (2015). Comparative assessment of the effect of
wastewater sludge biochar on growth, yield and metal bioaccumulation of cherry tomato.
Pedosphere, 25, 680-685.

Jackson, M.L. (1958). Soil Chemical Analysis Prentice Hall, Inc., Prentice Hall, Inc.

Jibril, S.A., Hassan, S.A., Ishak, C.F., & Wahab, P.EM. (2017). Cadmium toxicity affects
phytochemicals and nutrient elements composition of lettuce (Lactucasativa L.). Hindawi
Advances in Agri, 2017, 1-7.

Kabata-Pendias, A., & Pendias, H. (1984). Trace Elements in Soils and Plants., FL: CRC Press.

Kabata-Pendias, A. (2010). Trace elements in soils and plants, CRC Press.

Kacar, B. (1994). Bitki ve Topragin Kimyasal Analizleri: III Toprak Analizleri, A.U.Z. Egitim
Arastirma ve Gelistirme Vakfi Yayinlari, Ankara.

Kacar, B., & Katkat, V.N. (1999). Giibreler ve Giibreleme Teknigi, Uludag Universitesi Giiglendirme
Vakfi Yayinlari, Ankara.

Koleli, N., Eker, S., & Cakmak, 1. (2004). Effect of zinc fertilization on cadmium toxicity in durum
and bread wheat grown in zinc-deficient soil. Environ Pollut, 131(3), 453-459.

Lin, Y.F., & Aarts, M.G.M. (2012). The molecular mechanism of zinc and cadmium stress response in
plants.Cell Mol Life Sci, 69 (19), 3187-3206.

Liu, H.J., Zhang, J.L., Christie, P., & Zhang, F.S. (2008). Influence of iron plaque on uptake and
accumulation of Cd by rice (Oryzasativa L.) seedlings grown in soil. Sci Total Environ, 394,
361-368.

Mannervik, B., & Guthenberg, C. (1981). Glutathione transferase (human placenta). Academic Press,
77,231-235.

McCord, J.M., & Fridovich, 1. (1969). Superoxide dismutase an enzymic function for erythrocuprein
(hemocuprein). J Biol Chem, 244 (22), 6049-6055.

Mckenna, I.M., Chaney, R.L., & Williams, F.M. (1993). The effects of cadmium and zinc interactions
on the accumulation and tissue distribution of zinc and cadmium in lettuce and spinach.
Environ Pollut, 79 (2), 113-120.

763



YYU TAR BIL DERG (YYU J AGR SCI) 29 (4): 755-764
Bitiktas et al., / Effects of Cadmium and Zinc Applied to the Soil Enriched with Sewage Sludge on Plant Growth and Antioxidative Enzyme Activity of Lettuce (Lactuca
sativa L. var. longifolia)

Monteiro, M.S., Santos, C., Soares, A.M.V.M., & Mann, R.M. (2009). Assessment of biomarkers of
cadmium stress in lettuce. Ecotox Environ Safe, 72 (3), 811-818.

Murtaza, G., Javed, W., Hussain, A., Qadir, M., & Aslam, M. (2017). Soil-applied zinc and copper
suppress cadmium uptake and improve the performance of cereals and legumes. Int J
Phytoremediat, 19 (2), 199-206.

Rajapaksha, RM.C.P., & Amarakoon, I.D. (2011). Response of Lettuce and Rhizosphere Biota to
Successive Additions of Zinc and Cadmium to a Tropical Entisol. Commun Soil Sci Plan, 42
(11), 1336-1348

Rizwan, M., Ali, S., Hussain, A., Ali, Q., Shakoor, M.B., Zia-ur-Rehman, M., Farid, M., & Asma, M.
(2017). Effect of zinc-lysine on growth, yield and cadmium uptake in wheat (7riticumaestivum
L.) and health risk assessment. Chemosphere, 187, 35-42.

Saifullah, N., Sarwar, M., Bibi, S., Ahmad, M., & Ok, Y.S. (2014). Effectiveness of zinc application to
minimize cadmium toxicity and accumulation in wheat (Triticum aestivum L.). Environ Earth
Sci, 71 (4), 1663-1672.

Sharma, R.K., & Agrawal, M. (2006). Single and combined effects of cadmium and zinc on carrots:
Uptake and bioaccumulation. J Plant Nutr, 29 (10), 1791-1804.

Shahabivand, S., & Aliloo, A.A. (2016). Piriformospora indica promotes growth and antioxidant
activities of wheat plant under cadmium stress. YYU TAR BIL DERG, 26 (3), 333-340.

Tran, T.A., & Popova, L.P. (2013). Functions and toxicity of cadmium in plants: recent advances and
future prospects. Turk J Bot, 37 (1), 1-13.

Viehweger, K. (2014). How plants cope with heavy metals. Bot Stud 55.

Walkley, A. (1947). A critical examination of a rapid method for determining organic carbon in
soils—effect of variations in digestion conditions and of inorganic soil constituents. Soil Sci,
63 (4), 251-264.

Wu, F.B., & Zhang, G.P. (2002). Alleviation of cadmium-toxicity by application of zinc and ascorbic
acid in barley. J Plant Nutr, 25 (12), 2745-2761.

Zare, A., Khoshgoftarmanesh, A., Malakouti, M., Bahrami, H.,& Chaney, R.(2018). Root uptake and
shoot accumulation of cadmium by lettuce at various Cd: Zn ratios in nutrient solution.
Ecotoxicol. Environ.Saf., 148, 441-446.

Zhao, A.Q., Tian, X.H., Lu, W.H., Gale, W.J., Lu, X.C., & Cao, Y.X. (2011). Effect of Zinc on
Cadmium Toxicity in Winter Wheat. J Plant Nutr, 34 (9-11), 1372-1385.

Zhao, 7.Q., Zhu, Y.G., Kneer, R., & Smith, S.E. (2005). Effect of zinc on cadmium toxicity-induced
oxidative stress in winter wheat seedlings. J Plant Nutr, 28(11), 1947-1959.

764



Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi Cilt 29, Say1 4, 31.12.2019

Yiiziincii Y11 Universitesi
Tarim Bilimleri Dergisi
(YYU Journal of Agricultural Science)

http://dergipark.gov.tr/yyutbd i |

Arastirma Makalesi (Research Article)

Effects of Peg-Induced Drought Stress on Germination and Seedling Performance of

Bread Wheat Genotypes

Didem BIiLGILI", Mehmet ATAK?*, Kazim MAVE?

!Cankir1 Food Agriculture and Livestock Provincial Directorate, 18100 Cankir1, Turkey
2Mustafa Kemal University, Faculty of Agriculture, Department of Field Crops, 31034, Hatay, Turkey
3Mustafa Kemal University, Faculty of Agriculture, Department of Horticulture, 31034, Hatay, urkey

*Corresponding author e-mail: matak@mku.edu.tr

Article Info

Recieved: 23.07.2019
Accepted: 02.12.2019

Online Published 31.12.2019
DOI: 10.29133/yyutbd. 595627

Key words

Bread wheat,
Drought stress,
Emergence,
Germination,
Polyethylene Glycol.

Abstract: This study was conducted to determine the response of some bread wheat
genotypes to drought stress during germination and seedling growth stages. Two
bread wheat cultivars (Karatopak and Sagittoria) and three advanced breeding lines
(SERIL.1B*2/3KAUZ*2BOW//KAUZ, 89N2090/WERAVER// SW91.4903 and
STAR’S’KAUZ’S’s) were used as the seed material. Three different doses of
Polyethylene Glycol (Control, -0.6 MPa and -1.2 MPa of PEG-6000) were used to
generate drought stress in germination and seedling growth stages of bread wheat.
Germination experiments were carried out in petri dishes placed into an incubator
with 4 replications in completely randomized factorial design. Seedling emergence
experiments were carried out in plastic containers filled with a mixture of sand and
peat placed into a growth cabinet with 3 replications in factorial arrangement of
CRD. Germination experiments showed that genotype, PEG and genotype x PEG
interactions were significant for examined traits except for germination rate. In the
seedling experiments, genotype, PEG and genotype x PEG interaction were
significant for all parameters, except for mean emergence time. Generally,
increased doses of PEG caused remarkable decreases in all examined traits, but
increase in mean germination time and mean emergence time. As the PEG doses
increased, genotypes responded differently with regard to examined traits in
germination and seedling emergence of bread wheat genotypes. It can be concluded
that PEG-6000 was useful agent to create drought stress in germination and
seedling growth of bread wheat, but greater doses and osmotic potentials lower than
-1.2 MPa could be applied to better determine the drought stress tolerance of bread
wheat genotypes.

PEG Kaynakh Kuraklik Stresinin Ekmeklik Bugday Genotiplerinin Cimlenme ve Fide
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Anahtar kelimeler

Ekmeklik bugday,

Oz: Bu calisma, baz1 ekmeklik bugday genotiplerinin ¢cimlenme ve fide gelisim
agsamalarinda kuraklik stresine tepkisini belirlemek amaciyla yapilmistir. Tohum
materyali olarak iki ekmeklik bugday c¢esidi (Karatopak ve Sagittoria) ve ii¢ adet
ileri bugday 1slah hatt1 (SERI.1B*2/3KAUZ*2BOW//KAUZ,
89N2090/WERAVER//SW91.4903, ve STAR’S’KAUZ’S’) kullanilmistir.
Ekmeklik bugdaym g¢imlenme ve fide gelisim asamalarinda kuraklik stresi
olusturmak i¢in ti¢ farkli dozda Polietilen Glikol (Kontrol, -0.6 MPa ve -1.2 MPa,
PEG-6000) kullanilmistir. Cimlendirme denemeleri tesadiif parselleri deneme
deseninde faktoriyel diizende 4 tekrarlamali olarak petri kaplarinda, fide gelisimi
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Kuraklik stresi, denemeleri ise plastik kaplarda tesadif parselleri deneme deseninde faktoriyel
Fide gelisimi, diizende 3 tekrarlamali olarak yiiriitilmiistiir. Ekmeklik bugday genotipleri,
Cimlenme, ¢imlenme ve fide gelisimi deneylerinde PEG'in neden oldugu kuraklik stresine
Polietilen Glikol.

tolerans agisindan bugday genotipleri test edilmistir. Cimlenme denemelerinin
sonucunda, ¢cimlenme orant diginda, incelenen tiim &zellikler i¢in genotip, PEG ve
genotip x PEG interaksiyonlarinin énemli oldugunu belirlenmistir. Fide gelisimi
denemelerinde ise genotip, PEG ve genotip x PEG etkilesimi, ortalama ¢ikis siiresi
hari¢ tim parametreler i¢cin dnemli olmustur. Genel olarak, artan PEG dozlar
incelenen tim oOzelliklerde belirgin diigiislere neden olmus, ancak ortalama
¢imlenme siiresi ve ortalama ¢ikis siiresi uzamistir. PEG dozlari arttikga, ekmeklik
bugday genotiplerinin ¢imlenme ve fide gelisimindeki incelenen 6zelliklere gore
farkli oranda tepkiler vermistir. PEG-6000'in, ekmeklik bugdayin ¢imlenme ve fide
gelisiminde kuraklik stresi yaratmada yararli bir ajan oldugu sonucuna varilabilir,
ancak ekmeklik bugday genotiplerinin kuraklik stres toleransini daha iyi belirlemek
icin -1.2 MPa'dan daha diisiik ozmotik potansiyeller uygulanmalidir.

1. Introduction

Wheat is the leading crop of Turkish agriculture in terms of the sowing area and grain production.
It is cultivated across the diverse environments, ranging from warm lowlands to temperate highlands
(Atak et al., 2016; Anonymous, 2017). There are some biotic and abiotic factors restricting yield in
wheat growing environments. One of the major environmental stress factors in wheat growing regions
adversely affecting uniform germination is drought. Wheat is mostly grown under rain-fed (dry)
conditions in Turkey. In such environments, soil available moisture constitutes the primary constraint
on wheat cultivation. Wheat sown in seedbeds with critical moisture because of limited rainfall at sowing
period is not able to exhibit sufficient and synchronized emergence. Then significant yield losses are
experienced in wheat fields. Stand establishment is required for successful crop production in stress
environments. Therefore, for better stand establishment, stress-tolerant genotypes or cultivars should be
used. Proper selection of wheat genotypes or growing genotypes with better adaptation to drought will
of course increase the yield in wheat fields under rain-fed conditions. Germination and emergence stage
of wheat as well as the other crops is the initial stage of plant growth and they constitute the most
important growth stages. Some researchers have indicated the primary reason of germination failure as
the inhibition of seed water uptake due to high osmotic potential of drought generated in germination
environment (Sayar et al., 2010). Drought stress is responsible for either inhibition or delayed seed
germination or seedling establishment (Bewley and Black, 1994; Sayar et al., 2010; Balkan and Gengtan,
2013). Although preliminary studies have been conducted about the drought tolerance of wheat and
other crop cultivars by using Polyethylene Glycol (PEG-6000) as a draught stress agent, the responses
of newly released wheat genotypes to drought stress haven’t been fully elucidated, yet (Almonsouri et
al., 2001; Giri and Schillinger, 2003; Dhanda et al., 2004; Okgu et al., 2005; Giirbiiz et al., 2009; Sayar
et al., 2010; Balkan and Gengtan, 2013). Responses of newly released bread wheat genotypes to drought
stress are not well known and this study was conducted to determine the effects of polyethylene glycol
(PEG) on germination and seedling growth of some bread wheat genotypes.

2. Materials and Methods

Seeds of bread wheat cultivars Karatopak and Sagittoria, which are recommended cultivars for
the Eastern Mediterranean part of  Turkey, and some breeding lines
(SERIL.1B*2/3KAUZ*2BOW//KAUZ, 89IN2090/WERAVER//SW91.4903 and STAR’S’KAUZ’S’)
supplied from International Center for Agricultural Research in the Dry Areas (ICARDA), which were
reported as drought tolerant lines, were used as the plant materials of the present study. Experiments
were conducted in the laboratory of the Faculty of Forestry, University of Cankir1 Karatekin in Turkey.
Drought stress was induced by polyethylene glycol (PEG-6000) treatments. Drought stresses with
different osmotic potentials of 0, -0.6 MPa and -1.2 MPa were arranged as described by Michel and
Kaufmann (1973). Distilled water served as a control treatment. Four replicates of 25 pre-sterilized (with
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5 % sodium hypochlorite) seeds were germinated between 2 sheets of Whatman No.1 filter papers in
petri dishes (150 x 15 mm) with 10 ml of each test solution and filter papers were replaced in every
other day to prevent PEG accumulation (Rehman et al., 1996). In order to prevent evaporation, the edges
of the petri dishes were tightly sealed with Parafilm. The seeds were allowed to germinate at 20 £ 2 °C
in the dark for 10 days (ISTA, 1996). A seed was considered as germinated when the emerging radicle
elongated to 1-2 mm. Germination rate (GR) was recorded every 24 h for 4 days. Mean germination
time (MGT) was calculated to assess the rate of germination (Ellis and Roberts, 1980). Germination
index (GI) was calculated according to Maguire (1962). The seedlings were thinned to have 10 plantlets
per petri dish after fourth day of germination. Shoot length (SL), root length (RL) and shoot fresh weight
(SFW) were measured on the tenth day. Germination vigor index (GVI) was calculated by multiplying
the sum of the root and shoot length by the germination percentage.

2.1. Germination Experiment and Data Analysis

Seedling growth experiments were carried out in plastic containers (97 x 165 x 90 mm) filled
with a mixture of sand and peat (1:1). Containers were placed into growth cabinet with 3 replications
and 20 seeds in each replication. Seeds were sown 3 cm in depth and containers irrigated with PEG-
6000 solutions as to generate osmatic potentials of 0, -0.6 and -1.2 MPa in field capacity. Containers
were then allowed to emerge at 25 °C and 70-80% relative humidity for 20 days. A seed/seedling was
considered as emerged when the emerging radicle reached to soil surface. Emergence rate (ER) was
recorded every 24 h for 12 days. Mean emergence time (MET) was calculated to assess the rate of
emergence (Ellis and Roberts, 1980). Emergence index (EI) was calculated according to Maguire, 1962.
The seedlings were thinned to have 10 plantlets per container. Seedling length (SLe), root length (RLe)
and shoot fresh weight (SFWe) were measured on the twentieth day. Emergence vigor index (EVI) was
calculated by multiplying the sum of the root and shoot length by the emergence percentage

2.2. Seedling Emergence Experiment and Data Analysis

A randomized complete design was used with a factorial arrangement of treatments (Genotype
and PEG levels) with 4 replications and 25 seeds in each replicate for germination experiment and 3
replications and 20 seeds for seedling emergence experiment. Data of two experiments were analyzed
by 2-way analysis of variance with MSTAT-C statistical software. Significant means were compared
with Duncan’s multiple range test (P < 0.05).

3. Results and Discussion

Figure 1 and Table 1 illustrates examined germination and seedling traits of bread wheat genotypes
exposed to PEG-6000 induced drought stress.

& Control B-0.6 MPa 03-1.2 MPa BControl H-0.6 MPa ©O-1.2MPa

a a

80

60 -

40 A

Germination rate (%)
Emergence rate (%)

20 +

I = I T T T T T
1 8 20 Karatopak Sagittoria 1 8 20 Karatopak Sagittoria
Genotypes Genotypes

Figure 1. Effects of PEG treatments on germination rate (%) and emergence rate (%) of bread wheat
genotypes (Different letters within the same column bar represent significantly different
means of each genotype).

Table 1. Effects of different PEG-6000 levels on germination and seedling characteristics of bread
wheat genotypes.
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Genotypes GI; Germination index EI; Emergence index

Control -0.6 MPa  -12MPa Mean** Control -0.6 MPa -1.2 MPa Mean
1 193a 1490 7.8 c** 14.3 7.8 a 2.7b 1.6¢ 4.0
8 229a 15.1b 99c¢ 15.9 7.6a 09b 03b 29
20 22.6a 129b 7.8¢ 14.5 8.1a 25b 03¢ 2.6
Karatopak 224 a 134b 6.5c 14.1 92a 45D 03¢ 4.7
Sagittoria 238a 10.5b 52¢ 13.1 95a 2.1b 04c 3.9
Mean 222 134 7.4 8.4 2.5 0.6

MGT; Mean germination time (day) MET; Mean emergence time (day)
1 1.63 1.86 2.15 1.88 ab 35b 4.7 a 7.0a 5.06
8 1.13 1.55 2.12 1.60 ¢ 3.1b 52a 4.5 ab 427
20 1.19 1.92 2.20 1.77 be 35b 4.5 ab 50a 433
Karatopak 1.20 2.07 2.50 1.92 ab 30c 53b 7.8 a 5.37
Sagittoria 1.10 227 2.93 2.10a 28¢ 4.8b 63a 4.63
Mean 1.25a 1.93b 2.38¢ 32 4.9 6.1
SL; Shoot length (cm) SLe; Shoot length (cm)
1 10.7 a 420 0.7¢ 5.7 234 a 20.7 ab 164 b 20.3
8 103 a 6.1b ¥ 8.2 23.0a 16.8 ab 18.7b 19.5
20 145a - - 14.5 252a 18.6b 11.0c¢ 18.3
Karatopak 142 a 38b - 9.0 199a 172 a - 18.6
Sagittoria 13.6a 6.6b - 10. 239a 20.0a 7.0b 17.3
Mean 12.7 52 0.7 21.1 18.8 134
RL; Root length (cm) RLe; Root length (cm)
1 216a 58b 1.0c 10.3 159a 14.1a 15.8a 15.3
8 189a 85b - 13.7 17.1b 15.7 ab 19.8a 17.6
20 25.6a - - 25.6 16.6 a 13.6 ab 11.6b 139
Karatopak 226a 4.4b - 13.5 165a 184a - 17.5
Sagittoria 23.8a 7.7b - 15.8 169a 159a 10.8b 14.5
Mean 22.5 6.59 1.0 16.6 15.6 14.5
SFW; Shoot fresh weight (mg/plant) SFWe; Seedling fresh weight (mg/plant)

1 194.1a 95.5b 375¢ 118.9 203.0a 11990 904 b 137.8
8 1214 a 79.0 b - 100.2 197.1a 105.1b 108.3b 136.9
20 180.9 a - - 180.9 2183 a 111.7b 533c¢ 127.8
Karatopak 1933 a 78.1b - 135.7 1999 a 111.5b - 155.7
Sagittoria 192.5a 779b - 1352 230.5a 124.0b 49.0 c 134.5
Mean 176.6 82.6 375 209.8 114.5 75.3

GVI; Germination vigor index EVI; Emergence vigor index
1 2933 a 910 b 95¢ 1313 2673.5a 1211.8b 727.8b 1538
8 2791 a 1102 b - 1946 3614.0a 446.8b 192.7 ¢ 1418
20 3805 a - - 3805 3778.8 a 1163.3b 139.7 ¢ 1694
Karatopak 3538 a 778 b - 2258 3650.0 a 25052 b - 3078
Sagittoria 3696 a 1045 b - 2371 40112 a 1115.8b 67.8 ¢ 1732
Mean 3353 959 95 3445.5 1288.6 282.0

* Since data could not be obtained, means were taken over the available values.
**) Means fallowed by different letters in the same row or in the same column are significantly different (p<0.05).

G, PEG and G x PEG interaction were significant (p<0.01) for germination rate (GR). Generally
decreasing GR values were observed with increasing PEG doses, but genotypes acted in a similar fashion
against the increasing osmatic potentials. The greatest GR was observed in control treatment of cv.
Sagittoria and the lowest GR was observed in 1.2 MPa treatment of cv. Sagittoria. When the GR values
of the control and -1.2 MPa treatments were compared, the greatest decrease (53.5 %) was observed in
cv. Sagittoria and the lowest decrease (27.4 %) was observed in line 8 (Figure 1). Present findings
comply with the results of Almonsouri et al. (2001) reporting decreasing germination percentage and
germination speed of durum wheat genotypes with increasing PEG concentrations. Similar results were
also reported for germination of pea seeds exposed to PEG-induced drought stress (Okgu et al., 2005).

G, PEG and G x PEG interaction were significant (P<0.01) for emergence rate (ER). ER values
decreased with increasing PEG concentrations. Present findings on ER were similar with the findings
of Almonsouri et al. (2001) for durum wheat. The highest ER (100 %) was observed in control treatment
of cv. Karatopak and the lowest ER (5 %) was observed 1.2 MPa treatment of line 8. When the control
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and the highest doses of PEG were compared for ER, it was observed that cv. Sagittoria was the most
susceptible and line 1 was the most tolerant genotype to increasing drought stress (Figure 1).

PEG and G x PEG interaction were highly significant (p<0.01) whereas G was significant
(p<0.05) for germination index (GI), (Table 1). The highest GI (23.0) was determined in control
treatment of cv. Sagittoria, while the lowest (5.2) GI was determined in 1.2 MPa treatment of cv.
Sagittoria (Table 1). Increased PEG doses resulted in decreased GI. GI of cultivars was more affected
from increasing PEG doses as compared to the lines. High value of GI shows the high seed quality and
better performance in seedling growth of crops (Wang et al., 2004). In this sense, it could be concluded
that lines had more vigorous germination as compared to the cultivars (Table 1).

G, PEG and G x PEG interaction were significant (P<0.01) for emergence index (EI), (Table 1).
The greatest EI (9.5) was obtained from the control treatment of cv. Sagittoria. Increased PEG doses
decreased EI of genotypes. When the EI values of the control and -1.2 MPa treatments compared, the
lowest decrease (79 %) was obtained from line 1 and the highest decrease (more than 95 %) was obtained
from the other genotypes (Table 1). Line 1 seemed to have the most powerful emergence vigor as
compared to the other genotypes.

G was significant (p<0.05), PEG was highly significant (p<0.01) and G x PEG was insignificant
for mean germination time (MGT) (Table 1). Increased PEG doses resulted in extended MGT of the
genotypes. Sagittoria, Karatopak and line 1 were lower germinated genotypes and the lines 8 and lines
20 were the faster germinated genotypes. Present findings were similar to finding of Balkan and Gengtan
(2013) proposing extended MGT of wheat genotypes with increasing PEG doses.

G were not significant whereas PEG were highly significant (p<0.01) and G x PEG interaction
were significant (p<0.05) for mean emergence time (MET). Increased PEG doses caused a remarkable
increase in MET. In control treatment, MET of genotypes was 3.2 day and this time was extended to 6.1
day in -1.2 MPa treatments (Table 1).

G, PEG and G x PEG interaction were highly significant (P<0.01) for shoot length (SL) in
germination experiment. The reason of G x PEG interaction was no shoot formation in higher osmatic
potential of PEG than -0.6 MPa in all genotypes except line 1. Even line 20 did not give any shoot
formation in -0.6 MPa. Generally, SL of genotypes shortened as the PEG concentration increased. The
highest SL (14.5 cm) was observed in the control treatment of line 20 and the lowest SL (0.7) was
observed in -1.2 MPa treatment of line 1. Only line 1 survived and performed SL in -1.2 MPa PEG
treatments. Line 20 did not even survive in -0.6 MPa PEG concentration. When the osmotic potential of
growth media increased, SL of wheat genotypes shortened (Gengtan and Saglam, 1988; Almansouri et
al., 2001; Dhanda et al., 2004; Balkan and Gengtan, 2013).

G, PEG and G x PEG interaction were highly significant (P<0.01) for seedling length (SLe) in
seedling emergence experiment. Generally, SLe of genotypes shortened as the PEG concentration
increased. The longest SLe (25.2 cm) was observed in line 20 and it was followed by cv. Sagittoria (23.9
cm). All genotypes did survive and gave SLe in -1.2 MPa treatments, but cv. Karatopak did not. It was
reported that when the osmotic potential of growth media lower than -1.0 MPa, SLe of wheat seedlings
were negatively affected (Sayar et al., 2010; Balkan and Gengtan, 2013).

G, PEG and G x PEG interaction were highly significant (P<0.01) for root length (RL) in
germination experiments. Generally, SL of genotypes diminished as the PEG concentration increased.
The longest RL (25.6 cm) was observed in line 20 and it was followed by the cv. Sagittoria (23.8 cm).
Only line 1 survived and performed RL in -1.2 MPa treatments. Line 20 did not even survive and showed
RL in -0.6 MPa PEG concentrations. Since some genotypes did not survive and did not have formation
at higher osmatic potential of PEG than -0.6 MPa, G x PEG interaction was found to be significant.
Some researchers reported that when the osmotic potential of growth environment went under -1.0 MPa,
RL of wheat seedlings was negatively affected (Sayar et al., 2010; Balkan and Gengtan, 2013).

G were significant (p<0.05), PEG and G x PEG interaction were highly significant (P<0.01) for
root length (RLe) in seedling emergence experiments. Generally, RLe of genotypes decreased as the
osmotic potential increased. The longest RLe (16.9 cm) was observed in cv. Sagittoria and it was
followed by cv. Karatopak (16.5 cm). All genotypes did survive and gave RLe in -1.2 MPa treatments,
but cv. Karatopak did not.

G, PEG and G x PEG interaction were highly significant (P<0.01) for shoot fresh weight (SFW)
in germination experiments. SFW of genotypes decreased as the PEG concentration increased. Lowest
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SFW (35.5 mg/plant) was observed in line 1. Only line 1 survived and performed SFW in -1.2 MPa
treatments. Line 20 did not even survive and gave SFW in -0.6 MPa PEG osmatic potential.

G, PEG and G x PEG interaction were highly significant (P<0.01) for seedling fresh weight
(SFWe) in seedling emergence experiments. SFWe of the genotypes decreased as the PEG concentration
increased. All genotypes did survive and gave SFWe in -1.2 MPa treatments, but cv. Karatopak did not.

G, PEG and G x PEG interaction were highly significant (P<0.01) for germination vigor index
(GVI]) in germination experiments. GVI of genotypes decreased as the PEG doses increased. The highest
GVI (3805) was observed in the control treatment of line 20. But, line 20 did not survive in the other
PEG treatments. Only the line 1 survived and performed GVI in -1.2 MPa treatments.

G, PEG and G x PEG interaction were highly significant (P<0.01) for emergence vigor index
and (EVI) in seedling emergence experiments. EVI of genotypes decreased as the osmatic potential of
PEG increased. All the genotypes did give emergence at all osmatic potentials, but Karatopak did not
yield any emergence in the osmatic potential of -1.2 MPa.

As to in conclusion; generally G x PEG interactions were observed in terms of germinations and
seedling characteristics of the examined bread wheat genotypes. Depending on the genotypes, all the
genotypes germinated and did perform seedling growth in all PEG concentrations, but some genotypes
did not survive or perform any shoot or root at higher osmatic potentials of PEG than -0.6 MPa. Line 20
cannot survive higher osmatic potential of -0.6 MPa as compared to other genotypes. Line 1 seemed to
higher tolerance to drought stress then other genotypes. PEG-6000 was useful agent to generate drought
stress in germination and seedling growth of bread wheat, but osmotic potentials lower than -1.2 MPa
could be applied to better determine the drought stress tolerance of the genotypes.
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Abstract: Chestnut has been used by humanity both as a fuel and as a food source
for many years. Chestnut-related fertilization data is still limited today. This
research was performed in order to study the fruit yield and some quality
characteristics of the nitrogen doses to be applied in the chestnut plantations of
Inegdl (Bursa) during two years. In the study, were used sweet chestnut
(Castanea sativa Mill. cv. Sariaasilama) trees 20 years old. During 2012 and 2013
the doses of 0.5, 1.0, 1.5 and 2.0 kg N / tree were applied to the chestnut
experimental orchard, except for the control. However, 0.75 kg P / tree and 1.5 kg
K / tree basic fertilization were applied to each tree. In the experiment, each
parcel was composed of 3 trees and 3 replications. According to the results of the
study, the highest fruit yield was recorded as 31.8 and 32.8 kg / tree in 1.5 kg N/
tree in both application years respectively. Total protein and starch in the highest
fruit were determined as 12.8 and 36.3 g/ 100 g in 1.0 kg N / tree dose in the
2013 year, respectively. The total sugar content in fruit was recorded as 10.8 g /
100 g in 1.5 kg N / tree in 2013. When all of these parameters are examined, the
amount of nitrogen to be applied to a mature chestnut tree at 20 years old is
determined as 1.5 kg N / tree / year.
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Oz: Kestane yillar boyunca insanlik tarafindan hem bir yakacak hem de bir besin
kaynag1 olarak kullanilmistir. Kestane ile ilgili giibreleme verileri bugiin hala
siirlidir. Bu ¢aligma, inegél'iin (Bursa) kestane plantasyonlarinda iki y1l boyunca
uygulanacak azot dozlarinin meyve verimini ve bazi kalite 6zelliklerini incelemek
amaciyla yapilmistir. Aragtirmada, 20 yasindaki tatli kestane (Castanea sativa
Mill. cv. Sariaasilama) agacglar kullanilmigtir. 2012 ve 2013 yillarinda, kestane
deneme bahgesine kontrol hari¢, 0.5, 1.0, 1.5 ve 2.0 kg N / aga¢ dozlar
uygulanmustir. Bununla birlikte, her bir agaca 0.75 kg P / aga¢ ve 1.5 kg K / agag
temel giibreleme uygulanmistir. Deneyde, her bir parsel 3 agag¢ ve 3 tekerriirden
olugsmaktadir. Arastirma sonuglarma gore, en yiiksek meyve verimi her iki
uygulama yilinda 1.5 kg N / aga¢ konusunda, sirastyla 31.8 ve 32.8 kg / agac
olarak kaydedilmistir. En yiiksek meyvede toplam protein ve nisasta, 2013 yilinda
1.0 kg N / aga¢ konusunda sirastyla 12.8 ve 36.3 g/ 100 g olarak tespit edilmistir.
Meyvede toplam seker orani ise yine 2013 yilinda 1.5 kg N / aga¢ konusunda 10.8
g / 100 g olarak belirlenmistir. Tim bu parameteler incelendiginde 20
yaslarindaki olgun bir kestane agacina uygulanacak azot miktar1 1.5 kg N / agag /
y1l olarak tespit edilmistir.
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1. Introduction

Chestnut belongs to the Fagaceae family. The 13 known species of chestnut are usually
distributed in different parts of the Northern Hemisphere. East Asia (China, Korea, Japan), Turkey,
South Europe and North America are the natural diffusion areas. (Ozkarakas et al, 1995). Chestnut
(Castanea sativa Mill.) is one of the very significant tree nuts in the globe (Ertan et al., 2015). Many
species of the Chestnut tree are grown in limited regions of the globe for wood or comestible nut
production (Portela et al., 2007). However, some herdsman also cut down wild fruit trees to enlarge
their meadow area, leading to the disappearance of the primary wild chestnut forest (Ercisli et al.,
2009).

According to the Food and Agriculture Organization Statistical Database, the worldwide
chestnut production is 2 327 500 tons. Chestnut fruits are highly regarded and widely consumed
throughout Europe, America, and Asia. In addition, chestnuts are one of the most popular nuts in the
oriental world. Chestnuts are mainly cultivated in China (1 879 000 tons), Bolivia (84 800 tons),
Turkey (64 750 tons), and Republic of Korea (56 200 tons) (FAO, 2019).

Chestnuts are rich in starch and sugars, primarily monosaccharides and disaccharides such as
sucrose, glucose, fructose, and raffinose (Bernardez et al., 2004; De la Montana Miguelez et al., 2004).
Besides, chestnuts differ from other nuts for their low-fat content which makes them ideally suited for
high complex carbohydrate and low-fat diets (Bounous, 2009).

The chestnuts can grow efficient crops of nuts without ever being fertilized, but to get the very
ultimate yields a program of organized fertilization will be essential. The higher expenses can be
readily balanced by the high price of the crop. If inorganic fertilizers are used then regular with soil
tests must determine the amounts and methods. No matter what kind of fertilizer is used, it must be
applied in the spring or at the beginning of June. Fertilizers applied after June will cause rapid growth
of fresh shoots that will be damaged in winter (Wahl, 2002).

Due to the accumulation of potential in nut, nitrogen fertilizers can be expected to affect many
quality parameters, primarily protein content in chestnut. It has been reported that low levels of
nitrogen in chestnuts while cause poor growth and reduced flowering, low phosphorus levels cause a
decrease in the number of developing female flowers. Besides, if the content of boron in the soil is less
than 3 ppm and more than 17 ppm, especially in Chinese Chestnuts, it causes the discharge of burrs,
and there is a problem of iron deficiency and besides, chestnuts have high zinc needs in calcium-rich
soil (Rutter et al., 1990).

On the other hand, there is little or limited information on mineral fertilization of chestnut
trees (Portela et al., 2007). In the past, only organic fertilization (farm manure) was applied to chestnut
trees not fertilized with chemical fertilizers. Regularly balanced mineral fertilization is a new topic
(Arrobas et al., 2017).

Nitrogen is present in the structure of many important organic compounds in the plant.
Proteins, amino acids, nucleic acids, enzymes, chlorophyll, ATP, ADP are important organic
compounds containing nitrogen (Aktas and Ates, 1998; Bosgelmez et al., 2001; Giizel et al., 2004;
Gardiner and Miller, 2008; McCauley et al., 2009). Nitrogen plays an important role in many
physiological and biochemical events taking place in the plant. Nitrogen has a great effect on the
synthesis of proteins and chlorophyll. It is the basic constituent of the plant cell wall. Nitrogen has a
significant role in the respiration of the roots, timely flowering, formation and ripening of the fruit
(seed). Nitrogen well-fed trees are increasing resistance to pests (Kantarci, 2000; Fageria, 2009).

In this study, the purpose was to determine the effectiveness of nitrogenous mineral fertilizer
applications on fruit yield and some quality properties in mature Sariasilama chestnut (Candy type)
trees.

2. Materials and Methods
The study was pursued in the chestnut orchards of Inegdl district of Bursa province in the
sweet chestnut (Castanea sativa Mill. cv. Sariasilama) trees of 20 years old. The research was planned

as a randomized parcels design with three replications. There are three trees in each parcel. In the
study, nitrogen fertilizers were applied in 2012 and 2013. Nitrogen fertilizer applications were
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adjusted to be No: 0, Ni: 0.5, No: 1.0, N3: 1.5, N4: 2.0 kg N / tree. However, basic fertilizers were
applied for nitrogen application treatments as 0.75 kg P/ treeand 1.5 kg K / tree.

All fertilizers (treatments and basic) were applied to under the canopy of chestnut tree in April
mixed in 0-30 cm soil depth. In the experiment, urea (CH4N»>O) was used as a nitrogen source, triple
superphosphate (Ca(H:PO.),.H,O) as a phosphorus source, and potassium chloride (KCl) as a
potassium source.

The region is located in the Marmara and the Aegean climate transitional zone. In the
vegetation period (from March to October), the total amount of rainfall was 333.8 mm in the first year
and 396.3 mm in the second year. The average temperature in the period of the research is consistent
with the average temperature long term years, and the total rainfall is consistent with the total rainfall
long term years. Climate data of the study area are shown in Figure 1 (During chestnut vegetation
periods).
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© 20 - - 300 &
215 I E
g - 200 =
2, 10 - I s
5 5. S " - 100
= 0 - I II.\.; — ~£i L0
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2013 Total rainfall Longterm total rainfall

Figure 1. Climate data at the research area over two years (2012 and 2013). The values shown (bars or
symbols) are means * standard deviation (SD). * : Climate data are taken from Inegol
Meteorology Station (17670).

The soil samples of the chestnut orchard were taken in March month. The physical and
chemical soil properties of the research area are shown in Table 1. Soil texture analysis was done by
the hydrometer method (Bouyoucos 1955), soil pH and EC were measured in water (1:2.5 soil:
distilled water), CaCOs equivalent by Scheibler calcimeter method. Organic matter and organic carbon
contents were determined by modified Walkley-Black method (Walkley and Black, 1934), total
nitrogen (N%), according to the modified macro Kjeldahl method (Bremner, 1965), phosphorus by the
Olsen sodium bicarbonate method (Olsen and Sommers, 1982), potassium according to | N Amonyum
acetate (NH4OAC) method (Nielsen, 1972; Pratt, 1965) and trace elements by DTPA soil test of
Lindsay and Norvell (1978).

According to the outcome of the soil tests, the chestnut orchard soil was determined that the
soil texture was loamy, the pH was slightly acidic and (5.87). Organic carbon contents (0.78%) and
organic matter contents (1.35%) were insufficient. It was found that the total salinity of the soil
(0.018%) was low levels. Also, the nitrogen, phosphorus and zinc concentrations were found to be
insufficient and potassium, iron and copper were found to be sufficient in the soil. Furthermore, Mn
content was excessive. The lime content of the soils was below 1% (non-calcareous soil) (Ulgen and
Yurtseven, 1995).
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Table 1. Some soil characteristics of research area (0-30 cm)

Soil characteristics Soil characteristics

Clay (%) 12.3 Total N (%) 0.068
Silt (%) 27.9 P (ppm) 6.28
Sand (%) 59.8 K (ppm) 139.2
pH 5.87 Fe (ppm) 41.3
Organic matter (%) 1.35 Zn (ppm) 0.39
Organic carbon (%) 0.78 Mn (ppm) 52.5
Total salinity (%) 0.018 Cu (ppm) 0.79

Chestnuts were collected during the harvest period when fruits reached a physiological
maturity stage where the chestnut burrs began to separate and the nuts had grown. To calculated the
total yield of each tree, nuts were collected by swinging trees and harvesting by hand. The samples of
about 120-150 g fruit that were casually sampled were crushed with muller after their burrs and seed
shells were removed and analysis was realized. The dry matter ingredients of the samples were
determined by drying them night long in the air oven at 105 °C (Ertiirk et al., 2006). Total protein
content quantity was calculated using the Kjeldahl method (AOAC 1990). Dinitrophenol method was
used in the analysis of total carbohydrates and total sugar (Ross, 1959) utilizing the Beckman Du 530
model spectrophotometer. The starch content was calculated by multiplying the value obtained by
subtracting the total sugars from carbohydrate contents by the coefficient 0.94 (Ertiirk et al., 2006).

Statistical analyses were conducted using analysis of variance (ANOVA) with IBM SPSS 22
Statistics Software. Applied nitrogen doses means were matched with Duncan’s multiple range test
(P<0.05, P<0.01).

3. 3. Results
3.1. Fruit yields

Nitrogen fertilization effects on yield in the present study were observed to be more significant
than those on other crops (Scholefield & Stone 1995; Liu et al. 2004). Fruit yields in the nitrogen
experimental orchard were determined between 23.4- 32.2 kg / tree. In the experimental orchard, the
highest fruit yield was obtained for Ns:px dose (first year: 31.8, second year: 32.2 kg / tree) and the
lowest fruit yield for control (first year: 23.4, second year: 23.5 kg / tree) (Figure 2). As it is known,
usually, when N applied to plants, it causes in increased nutrients in leaf tissues and an increase of
yields (Rodrigues et al 2006; Centeno & Campo 2011). A fruit yield increase of 36% was observed in
chestnut plants compared to control (No+px) in Nz+pk (1.5 kg / tree) treatment. Similar studies in which
nitrogen doses were applied, for example in garden cress (Yagmur et al. 2019) and chickpeas (Kayan
et al. 2018) indicated that nitrogen increased the yield.
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Figure 2. The effect of different nitrogen doses on the chestnut yields. The letters represent the results
of the Duncan test (*, P < 0.05) for the nut yields. The values are shown (bars or symbols)

775



YYU TAR BIL DERG (YYU J AGR SCI) 29 (4): 772-780
Toprak / Effect of Different Nitrogen Levels on Nut Yield and Some Quality Properties of Sweet Chestnut (Castanea sativa Mill.)

are means * standard deviation (SD). (CVao12: 9.1, CVa013: 10.5). Year x Nitrogen: (*, P <
0.05).

3.2. Fruit total protein contents

The protein amount of the fruit is an important criterion for fruit quality. In the chestnut fruit, a
50% total protein increase was recorded in N+px treatment compared to the control. The total protein
content of chestnut fruit varies between 4.88 and 10.87 g/ 100 g (Ertiirk et al 2006). The total protein
content in the nitrogen application orchard was recorded between 8.0- 12.8 g/ 100 g (Figure 3). The
highest protein content was determined for N»+px and Ns+pk doses (first year: 12.2 and 12.0 g/ 100 g,
second year: 12.8 and 12.7 g/ 100 g, respectively) and the lowest was recorded for control (first year:
8.0, second year: 8.6 g/ 100 g). In the studies conducted, the amount of nitrogen in the soil and many
cultural processes are reported to affect the protein ratio and quality (Bushuk, 1982; Atli, 1999;
Caglayan and Elgiin, 1999).

The increase in the protein content of the fruit continued until the Nspx dose and decreased at
the next dose. This may be due to the negative interaction of phosphorus and potassium fertilizers
given in basic fertilization with the last dose of nitrogen. As is known, high amounts of nitrogenous
fertilization causes the plant to not benefit from enough phosphorus and potassium (Kacar and Katkat,
1998).
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Figure 3. The effect of different nitrogen doses on the total protein in the chestnut fruits. The letters
represent the results of the Duncan test (**, P < 0.01) for the fruit total protein. The values
are shown (bars or symbols) are means + standard deviation (SD). (CV2012: 2.6, CVao13: 3.1).
Year x Nitrogen: (ns)

3.3. Fruit starch contents

In the chestnut fruit, a 36% starch increase was recorded in Nipx treatment compared to the
control. The increase of starch in fruit increased with potassium applied in basic fertilization.
Potassium activity in starch synthetase enzyme activity is very high up to a certain level (Preusser et
al. 1981). The starch is transport to the storage organs especially in the presence of sufficient
potassium (Kacar and Katkat, 1998). The highest starch content was obtained for Noipk (1.0 kg / tree)
dose (first year: 35.9, second year: 36.3 g/ 100 g) and the lowest starch content for control (first year:
27.0, second year: 27.3 g / 100 g). The starch content in the experimental orchard was recorded
between 27.0- 36.3 g / 100 g (Figure 4). The starch content of the fruit decreased in the last two
nitrogen doses. Similary, Dede et al. 1999; Karadogan et al., 1997 reported that increasing nitrogen
doses had a negative effect on the starch rate in a similar way to these findings. As the amount of
nitrogen applied to plants increases, carbohydrate, starch and sugar content decreases (Kacar and
Katkat, 1998).
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Figure 4. The effect of different nitrogen doses on the starch in the chestnut fruits. The letters represent
the results of the Duncan test (**, P < 0.01) for the fruit starch. The values are shown (bars
or symbols) are means + standard deviation (SD). (CVai2: 6.5, CVaoi3: 5.9). Year x
Nitrogen: (*, P < 0.05).

3.4. Fruit total sugar contents

Depending on the nitrogen doses applied, basic fertilizers (P and K) used caused an increase in
fruit sugar ratio. In the chestnut fruit, a 35% total sugar increase was recorded in Ns.px treatment
compared to the control. Nutrition of plants with phosphorus and potassium positively affects sugar
metabolism (Mengel, 1991). The highest total sugar content was obtained in application orchard, in
the Nowpx and Niwpx doses (first and second year: 10.1, second year: 10.7 and 10.8 g / 100 g,
respectively) and the lowest total sugar content was determined for control (first year: 7.8, second
year: 8.0 g/ 100 g). The total sugar content in the application orchard was recorded between 7.8 - 10.8
g / 100 g. At the last dose, the sugar content decreased (Figure 5). Similary, many researchers have
reported that sugar content decreases at high nitrogen doses (Turhan, 1992; Demirer et al., 1994;
Turhan and Ozgiimiis, 1992).The excess of nitrogen is extending the vegetative development period of
the plant, delays blooming and decreases sugar synthesis (Aktas and Ates, 1998; Bosgelmez et al.,
2001; Fageria et al., 2011).

m2012 =2013

ab ab

a a
ab a 2 g
10 - C**b** be I L
_ II I

Control 0.5kgN 1.0kgN 15kgN 2.0kgN
(NotPK) (Ni+PK) (N2+PK) (N3+PK) (N4+PK)

Nitrogen doses (g / tree)

Total sugar (g/ 100 g)

S N A~ N X

Figure 5. The effect of different nitrogen doses on the total sugar in the chestnut fruits. The letters
represent the results of the Duncan test (**, P < 0.01) for the total sugar. The values are
shown (bars or symbols) are means + standard deviation (SD). (CVa012: 6.1, CV2013: 5.4).
Year x Nitrogen: (*, P <0.01).
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4. Discussions and Conclusions

Chestnut trees in the region have been deprived of fertilization and other cultural maintenance
for many years and have always been recognized as a forest tree. In this research, significant increases
in chestnut fruit yield and quality characteristics have been determined along with balanced
fertilization and maintenance processes. The fruit yield in chestnut orchards were increased by
approximately 36%. A good balanced fertilization program could increase tree growth rates, fruit
yield, and strength to biotic and abiotic stress (Wahl, 2002).

In many studies, it has been reported that phosphorus and potassium used in nitrogen
applications and basic fertilization cause significant increases in both yield and fruit quality (Arrobas
et al., 2017; Brohi et al., 1994; Bremner, 1965; Fageria, 2009; Fageria et al., 2011; Kantarci, 2000;
Kacar and Katkat, 1998; McCauley et al., 2009)

According to the results, the highest fruit yield was determined for Ns+pk (1.5 kg N / tree) dose
as an average of 32.2 kg / tree, highest total starch and total protein contents were recorded for Naipk
(1.0 kg N / tree) dose as an average of 36.3 and 12.8 g/ 100 g respectively and the highest total sugar
content was obtained for Ns.px (1.5 kg N / tree) dose as an average of 10.8 g/ 100 g.

However, when year x nitrogen interactions were examined, statistical significance was
recorded in other parameters (yield, total sugar, and starch) than fruit protein content. When the
meteorological data are considered, both the amount of precipitation and temperature averages were
decreased in the second year compared to the first year.

In addition, the chestnut plant, which positive reacted to the nitrogen fertilization of the first
year, had a positive also result with the second year fertilization. This may be due to the nitrogen
residue in the soil. Moreover, in addition to nitrogen fertilization in the first year, fertilization in the
second year resulted in improvement in all parameters with dose increases.

Also, there is no continuous soil cultivation in the chestnut orchards. In this way, nitrogen
losses are prevented (Brohi et al., 1994). Although, the continuous, unidirectional and high doses of
inorganic fertilizers bring more harm than benefits over many years (Miiftiioglu and Demirer, 1998).

In the light of all these data, the amount of nitrogen which should be an application to a sweet
chestnut (Castanea sativa Mill. cv. Sariaasilama) tree was determined for the highest fruit yield and
quality characteristics as 1.5 kg / tree. Also, in addition to nitrogen fertilization, 0.75 kg P and 1.5 kg
K per tree should be applied for basic fertilization.
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Abstract: Climate-change-related impacts on the agriculture sector have been
intensifying in the Asian region particularly for developing countries. In order to
encourage innovative adaptation practices, it is critical to understand the farmers’
perspectives on the possibility of adopting climate-smart agriculture (CSA)
measures and the obstacles they face. However, limited studies have considered
how farmers respond to climate change impacts, and concerning to this, the
opportunities in the relevance of resilience via adaptive capacity (AC) were
addressed. This study investigates the adoption of climate-smart agriculture in
Punjab, Pakistan by using a survey of 420 farmers, with a view to understanding
the farmers’ practices, adaptive capacity to respond, and willingness for the
adoption of climate-smart agriculture measures to mitigate the climate change
impact. Driving factors of the farm households’ intended to the adoption of
climate-smart agriculture were examined using a logistic model. The results of
the study showed that the drivers of adaptive capacity such as the human,
physical, natural, financial and social capacity of the farm households were
significantly determinant to the possibility of adopting climate-smart agriculture
measures. Further, we also identified lack of institutional support and a lack of
information were the major obstacles for adopting these innovative measures.
This study suggested that climate-policy should be designed in a regional context
specifically focusing on the institutional services and access to the resources. It is
the best way to increase the acceptance for the adoption of these innovative
measures by increasing the farmers’ adaptive capacity endowment.

iklim Agisindan Akillh Tarimin (CSA) Benimsenmesi Konusundaki istekliligin
Ciftcilerin Uyum Kapasitesi Belirleyicileri Araciligiyla Degerlendirilmesi
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Oz: Iklim degisikliginin tarim sektorii lizerindeki etkilerine yonelik calismalar,
ozellikle gelismekte olan tilkeler i¢in Asya bolgesinde yogunlasmaktadir. Yenilik¢i
adaptasyon uygulamalarini tesvik etmek i¢in, ¢iftcilerin iklim agisindan akilli tarim
(CSA) onlemlerini benimseme olasiligi ve karsilagtiklar1 engeller konusundaki
bakis agilarint anlamak ¢ok 6nemlidir. Bununla birlikte, sinirl sayida arastirma,
ciftcilerin iklim degisikligi etkilerine nasil cevap verdigini degerlendirmis ve buna
bagl olarak, uyum kapasitesi (AC) ile esneklik arasindaki ilgi diizeyi ve firsatlar
konu edinmistir. Bu ¢aligmada, Pakistan'in Pencap kentinde iklim-akilli tarimin
benimsenmesi, 420 ¢iftgi anketi kullanarak, iklim degisikliginin etkisi
arastirtlmistir. Bu konuda ciftgilerin uygulamalarini anlamak, iklim degisikligini
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Iklim-akall: tarim, karsilama durumu ve uyum kapasitesi ile etkilerini hafifletmek igin akilli-iklim
Ciftgiler. tarim onlemlerinin benimsenmesine duydugu istek irdelenmistir. Iklim-akill
tarimm benimsenmesine yonelik ¢iftlik hane halkinin lokomotif faktorleri
ekonometrik bir model olan “lojistik model” kullanilarak incelenmistir. Calismanin
sonuglari, tarim igletmelerinin insan giicii, fiziksel, dogal, finansal ve sosyal
kapasiteleri gibi uyum kapasitelerini etkileyen faktorlerin, iklim-akilli tarim
Onlemlerini benimseme ihtimalini 6nemli Olgiide belirledigini gostermektedir.
Ayrica, kurumsal destek ve bilgi eksikliginin de bu yenilik¢i 6nlemleri almanin
ontindeki en biiylik engel oldugu belirlenmistir. Bu c¢alisma, iklim politikasinin
Ozellikle kurumsal hizmetlere ve kaynaklara erisime odaklanan bdolgesel bir
baglamda tasarlanmas1 gerektigini ortaya c¢ikarmustir. Ciftcilerin uyum kapasitesi
donanimini artirarak bu yenilik¢i dnlemleri kabul etmesini saglamak en iyi yoldur.

1. Introduction

Climate change is a global phenomenon, and it has varying impacts on the natural and human
systems, which need the mobilization of all the available resources to cope, anticipate, resist and recover
from the climatic variability. These climate changes include more frequent and extreme uneven
precipitation events, a rise in average temperature, and changes in cropping seasons. The impact of these
climate changes has serious effects particularly, on the agriculture sector by the decrease in crop
productivity, invasions of pathogens and pests, shifts in crop planting dates and reduced to the resilience
of agro-ecosystems. These impacts are more common in developing countries than in developed
countries.

Pakistan is ranked the 8" among the most vulnerable countries in the world to the adverse effects
of climate change (Sardar et al., 2016). Pakistan’s economy is built predominantly on the agriculture
sector which is highly sensitive to weather variability and as a result, farmers affect more from these
climate changes related to stressors. Traditional farmers’ practices result in low crop productivity
because these practices are not effective in stabilizing the agricultural production to cope with the impact
of climate change. Therefore, the adoption of climate-smart agriculture (CSA) practices is the only
possible way of overcoming the adverse effects of climate change. For instance, Food Agriculture
Organization (FAO) has introduced the concept of Climate-Smart Agriculture (CSA) under which
innovative and sustainable agricultural practices are proposed to adopt at the farm level. Adaptation to
climate variability involves adjustments in natural or human systems which reduces the negative impact
of climate change and exploits positive opportunities. It also refers to changing farming practices as an
important means to cope with climate variability. Examples include CSA practices such as adopting
improved water management, nutrient management, zero or minimum tillage, improved crop varieties
and modifying planting dates. These selected CSA practices are considered as effective in terms of
reducing vulnerability to climate shocks and by increasing the resilience of agricultural systems
(Pachauri et al., 2007). The primary purpose of adopting these CSA measures is to improve the average
yields and uncertain benefits to the farmers by reducing the risk to the current or expected climate
variability stresses. These CSA measures actually contribute to the adaptation of climate variability,
which depends on the adaptive capacity of the farmers to undertake the adjustments in farming practices.
While, adaptive capacity determinants include weather variability and socioeconomic factors, such as
individuals’ characteristics, institutional role, and market development, as well as agro-ecological
conditions of the region.

Existing literature in Pakistan focuses on the economic and bio-physical relationship among the
agriculture sector and climate vulnerability. But actual field-based studies to examine the farm level
adaptive capacity and adoption of CSA measures to mitigate the climate change impacts are rare.
Therefore, there is the need for a field-based study to truly understand the farmers’ adaptive capacity to
respond and willingness for the adoption (WTA) of CSA measures responses to climate change at the
farm level in Punjab.

This study investigates whether the farmers are willing to adopt CSA practices as adaptation
strategies to cope with climate variability in the context of climate change. And, how farmers’ adaptive
capacity, or lack thereof, affects the possibility of adopting CSA measures at farm level in Punjab. In
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this study, we seek answers to these questions in the context of the local farmers through the conditioning
factors that accelerate or hinder the use of these selected CSA measures.

2. Material and Methods

Literature that examines the farmers’ willingness to adopt (WTA) for agriculture adaptation
practices is based on the models of human behaviour that is adopted from neo-classical economics
theories e.g. Theory of Reasoned Action, The diffusion of innovation theory, and Theory of technology
adoption (Sheppard et al., 1994). These economic theories are based on the alternative behaviour models
that predict human behaviour for adaptation of new innovative practices. The adaptation of these
practices depends on the multiple factors and drivers of adaptive capacity such as individual and social
characteristics, their perceived usefulness, compatibility, its relative advantage, and the farmers’
acceptance for technology adoption.

Using the theory of technology adoption as a base, we modelled our study in which a rational
farm household who faces a problem of choice and chooses adoption of CSA practices option as the
outcome to maximize his utility subject to the constraints (Aubert et al., 2012). Farm household
experiences the common constraints regarding their adaptive capacity of adopting CSA practices e.g.
financial condition, institutional support, assets endowments, social and individual characteristics,
availability of the technology and other inputs resources for adopting CSA practices. Following (Aubert
etal., 2012; Magruder, 2018; Kumar et al., 2018; Zongo et al., 2015), we demonstrated a utility function
(U;;) for a farm household ‘i” who chooses j alternatives for willingness to adopt or reject CSA practices
to maximize his utility, that can be expressed as:

Uij = a; Zi + Eij (1)

where, j=1 if the farmer intended to adopt CSA practices otherwise, j=0 if the farmer is not willing to
adopt.

Farmers’ decisions for adopting CSA practices are assumed to provide the utility (U;;) for
adopters and (U;,) for non-adopted farmers respectively. A farmer, who adopts CSA practices, has a
greater value of the utility (U;,) than the alternative (U;,), which can be expressed as follows

Upn=a1Zi+ €1 > Up= agZ;i + & 2)

In this equation, Z; is a vector of adaptive capacity that consists of individuals, socio-economic
characteristics and institutional support to the farmers. a; and « are the vectors of the parameters to
be estimated. €;; and ¢;, are the error terms. The probability of a farm household who intended to adopt
CSA practices j=1 to the alternative j=0 is given as:

W,=Pr(j=1)= Pr(Ujy > Uyp) =Pr(a1 Z; + €1 > ay Z; + &jp) 3
Wo = Pr (e — &0 > aoZi — ayZ;) = Pr(&q — € > (ap— a1)Z;) (4)
Wo=Pr(w; > BZ) = o(BZ;) (5)

Equation (5) shows that the probability of a farm household who will adopt CSA practices. This
is the probability that a farm household achieved from the higher utility after adopting CSA practices
than the utility derived by the farmers who are not willing to adopt.

Methods to analyse the farmers’ decisions to adopt CSA practices such as logit models, tobit
models, and probit models are extensively used in the literature. In this study, farmers’ decision for
adopting CSA practices depend on the distribution function (¢ (8Z;)) associated with (w;). Therefore,
the following equation shows the farmers’ decision intended to adopt or reject the CSA practices that
can be expressed as:

Exp(BZ;)
Wo = @(BZ;) = Exp (#p(ﬁzi)) (6)
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In equation (6), W, represents the dependent variable with a binary outcome (willingness to
adopt), and @(BZ;) is the probability that farm households will adopt CSA practices to cope with the
impact of climate change.

The more specifically binary outcome variable of willingness to adopt (I/,), representing the
choice of adopting CSA practices in terms of its determinants, can be expressed as:

Pr(We;)) = a; Zi + BYi + &5 (7

Where,
Z; is the vector of adaptive capacity
Y; is the climate shocks index

This study employs the theory of technology adoption through which an economic agent who
intended to adopt CSA practices to mitigate the impact of climate change. The dependent variable (W)
defines farmers’ willingness to adopt CSA practices that refer to a binary outcome variable. It takes 1 if
a farmer is willing to adopt CSA practices and O otherwise. Explanatory variable (Z;) is the vector of
adaptive capacity that is related to the individual, socio-economic characteristics of the farmers and
institutional support provide to the farm household for adopting CSA, while (Y;) is the climate variable
depicting the climate shocks experienced by the farm household. Based on the data behaviour and for
unbiased findings, we estimated equation (7) using the logistic regression model to fulfil the objectives
of the study. We examined the drivers of adaptive capacity and their willingness to adopt for selected
CSA measures by using the primary data sets. We collected survey data from 420 farmers in August
2018 to September 2018 in three study districts such as Jhang, Sialkot and Rhim Yar Khan located in
different agro-ecological zones (AEZs). All three selected AEZs have different attributes of
environment, geography, and socio-economic conditions. The richness and the relevance of this dataset
allowed us to investigate the drivers of farmers’ adaptive capacity and their WTA for CSA practices at
the farm level in Punjab province. Details of the variables used in the assessment of adaptive capacity
and willingness to adopt for CSA practices are given in Table 1.

Table. 1. Variables description of the sampled data used in the study.

Factor/sub-factor (variables) Definition
Actual adaptation (AA) The farmer who adopted full package of CSA practices (1=yes, 0=no)
Willingness to adopt (WTA) The farmer who could not adopt the full package of CSA practices, but he is willing to

adopt (1=yes, 0=no)
Human capacity

Working family members (Working_memb) Working family members in a household (in numbers)

Education (Edu) Education attainment (in years)

Experience (Exp) Farming experience (years)

Social capacity

Access to information (Acc_info) Access to information related to crop and livestock production; and weather

forecasting information (1 if a farmer had access, 0 otherwise)
Social network and strength of collective action

(@) Social dependency (Social_dep) Dependence on the family system (i.e. to the head of the family) or to the head of the
village for making a decision related to agricultural production (1=yes, 0=no)
(b) Relative assistance (Relat_assis) Availability of relatives and friends for assistance such as seeking money or

equipment sharing (1=yes, 0=no)
Natural capacity

Irrigation resources (Irri_resour) Irrigation resources comprising of surface water resources (such as river and canal
water) and ground-water resources

Farm size (Farm_size) Size of farmland owned or rented for cultivation (in hectares)

Physical capacity

Distance to extension centre (Dist_ext) Distance from farmland to the nearest the extension centre (kilometres)

Agriculture technology assets Availability of agricultural technology assets such as tractors and machinery (in

(Agri_tech_assets) numbers)

Livestock owned (Livestock_own) Total livestock owned (in numbers)

Financial capacity (farm solvency)

Credit access (Credit_acc) Auvailability of credit access (1 = yes; 0 = no)

Financial resources (Financial_res) Total net income earned from the agricultural production (in rupees per year)

Climate Shocks (Climatic_shocks) Plot-disturbance-index

Note: Proxy indicators used for assessing the agricultural adaptive capacity based on the observed adaptation strategies /actions are derived
from the survey and documented in the literature review.
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3. Results
3.1. Farm-level characteristics of sample data

Descriptive statistics of responding farmers with respect to age group and education attainment
are shown in figure 1 and figure 2 respectively.

£ Over 16 Under 5
Over 60 Under 25 8.9% 14%
13% 18.1%

11 - 60 6-10
27.5% 24(’] 44” 11-16 40.7%
’ 36.4%
Figure 1. Respondent (%) with age group Figure 2. Respondent (%) with education attainment.

Fig. 1 shows that around 70% of the farmers who were willing to adopt CSA practices lie in the
age of 26 to 60 years while the remaining 30% belong to the rest of the age. This may be pointed out
that those farm households who were young and had greater farming experience were likely to have
more awareness of climate variability and more intended to adopt innovative CSA practices to cope with
climate change impact than the other farmers. The study showed that education attainment is an
important factor for taking the decision regarding the adoption of CSA measures. Fig. 2 showed that
more than 75% of respondent farmers who were ready to adopt CSA measures were qualified from
primary to the graduate level of education. It indicates that education raises more awareness for
accessing the information and for the application of the improved agricultural technologies at the farm
level to cope with climate change impact. Therefore, the farm households who have higher education
and belong to the younger age will likely more to adapt the climate changes as compared with the little
education.

We also comparatively examined sample statistics of the farmers’ adaptive capacity. To account
for this, we disaggregated farmers’ socio-economic characteristics based on the averages in three
categories. First, the farmer who adopted a full set of CSA measures (named as ‘actual adaptation’).
Second, the farmer who could not adopt the full set of CSA measures, but he was willing to adopt
(referred to as ‘willingness to adopt’), and third the farmer who was not willing to adopt CSA practices
(named as ‘not intended to adopt’). The average characteristics of the farmers in all three categories are
shown as follows in fig. 3 (a) and fig. 3 (b).
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Figure 3 (a): Average characteristics of the sample farmers.
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Figure 3 (b): Average characteristics of the sample farmers

Fig. 3(a) and 3(b) showed that the farmers who adopted a full set of CSA measures (Actual
adaptation) had a higher adaptive capacity than the farmers who could not adopt but they were willing
to adopt (Willingness to adopt). The farmers who had the least adaptive capacity. They were not
interested in adopting CSA measures. This may be pointed out that a rise in the adaptive capacity of the
farmers stimulated more to the farmers for adopting CSA measures because higher adaptive capacity
represents more institutional access, better financial resources, and higher asset endowments that farm
households’ hold. Therefore, it enables the farmers more to adopt CSA practices to mitigate the climate
change impact.

3.2. Factors affecting the adoption of CSA measures
To quantify the impact of farmers’ adaptive capacity for the choice of adoption of CSA

measures, we employed a logistic regression model. The coefficients of logistic regression estimates are
presented in Table 2 of column (1) and the marginal effects are given in table 2 of column (2).
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Table 2. Logistic regression results of WTA model and their marginal probability effects

Regressor Regression estimate Marginal effect

Human capacity

Working_memb 0.335* 0.017*
(0.172) (0.009)

Edu 0.418** 0.031**
(0.198) (0.015)

Exp 0.311* 0.002**
(0.162) (0.001)

Social capacity

Acc_info 0.433** 0.025*
(0.214) (0.014)

Social_dep 0.608 0.024
(0.571) (0.029)

Relat_assis 1.044*** 0.042***
(0.338) (0.012)

Natural capacity

Irri_resour 0.155* 0.003
(0.078) (0.002)

Farm_size 0.052* 0.039*
(0.029) (0.021)

Physical capacity

Dist_ext 0.813*** 0.011%**
(0.301) (0.004)

Agri_tech_assets 0.202* 0.061*
(0.113) (0.034)

. 0.089 0.007
Livestock_own (0.911) (0.006)
Financial capacity
(farm solvency)

Credit_acc 0.667*** 0.017**
(0.291) (0.007)

Financial_res 0.377*** 0.055***
(0.121) (0.017)

Climatic_shocks 1.268*** 0.018***
(0.424) (0.006)

Loglikelihood -361.471

LR chi-squared 150.385***

Pseudo R 0.328

Total observation 405

Note: ***, ** and * indicates the significance of probability levels at 1%, 5% and 10%, respectively. Standard errors in parenthesis.

In this study, we assessed human capacity by using the proxy of working family members,
education attainment and farming experience of the farm households. The positive coefficient of
working family members, education attainment and farming experience showed a positive association
with the probability of willingness to adopt for CSA measures in response to climate change (Table 2).
The human capacity indicators with a positive and significant impact confirmed that the farmers who
had more education, related knowledge, and skills of agricultural production and to cope with climate
variability were enabled more to adopt. The positive association of experience showed that farmers tried
their best to adapt and to cope with climate change within the known boundaries of knowledge and
experience. Similarly, some NGOs and the government agencies in Pakistan provide the training courses
and the awareness about climate variability to raise the knowledge and skills of the farmers. We can
conclude that the farm household who had higher education and greater farming experience were likely
to have more awareness about climate variability and more intended to adopt. The study suggested that
targeted training should be provided across a range of topics to improve their education and knowledge
for increasing the ability to manage the increased climate variability. And, the training should be
integrated with the active participation of the farmers’ leaders, village leaders with NGOs and
government authorities.

We estimated social capacity by using the indicators of access to information and social
networking of the farmers. Where the farm households’ social networks and institutional access were
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linked with local authorities and to the market development. The results indicated that a positive and
significant relationship was found between access to information and social networking for willingness
to adopting CSA measures to mitigate climate change impact (Table 2). Positive association of social
capacity indicators showed that timely institutional support provided by the extension department and
the other related institutions on agricultural production, techniques and for the use of technology to the
farmers dealing with climate variability encourage the farmers more to adopt. It showed the importance
of the farmer’s social networks with relative assistance that how it helps to facilitate the needy farm
household who requires money when he is sick or needs to buy any agricultural production-related
materials. It is also indicated the significance of the farmer’s community interaction with local
authorities and the government because farmers require help and support on the adoption of CSA
measures such as they need help from the agriculture extension department, development or seeking
information regarding applications of adaptation or mitigation measures. It helps the farm household to
use that knowledge in their production for adopting CSA measures. It may be pointed out that farmers
are living in different agro-ecological zones that vary according to the locally prevailed culture. It also
showed that relative assistance was very important when a farmer needed financial and moral support
for choosing innovative CSA measures to cope with weather variability. Our results support the study
findings (Brown et al., 2018).

Natural capacity, we assessed through irrigation resources and farm size holding by the farmers.
Most of the studies had already used these indicators for measuring the natural capacity of the farmers.
Estimation showed that farm size (land area cultivated by the farm household) had a positive and
significant impact on the probability of willingness to adopt CSA practices (Table 2) but irrigation
resources showed an insignificant impact (Table 2). Positive and significant association of farm size
confirmed that farm-size was the main factor in the development of the typologies because large
landholder framers had more production due to better access to the availability of the resources. It is
also indicated that large landholders were better endowed with natural resources than the other farmers.
Better endowment enabled the large landholders more to adopt. The insignificant coefficient sign of
irrigation resources showed that there is a need for the improvement of the irrigation infrastructure to
deliver the irrigation water for growing crops in time. The study suggested that actions should be taken
to the improvement of water resources and to improve the appropriate irrigation infrastructure. Focused
should be given to the institutional arrangements such as the construction and maintenance of canals,
flood bunds, and specifically, to establish the tubewells at the farm levels.

Studies such as (Brown et al., 2018) described that physical capacity was measured by using the
proxy indicators of agricultural equipment, and distance of the institutional infrastructure from the
farmland. Therefore, we assessed physical capacity by using the proxy indicators of distance to
extension centre, agriculture technology assets, and livestock owned by the farmers. The coefficient of
distance to the extension centre showed a negative and significant association with the probability of
willingness to adopt CSA practices. While the coefficient of agricultural technology assets remained
positive and significant with the probability of willingness to adopt. The negative and significant impact
of distance to extension centre showed that this distance is very important because less distance will
allow the farm household to move easily and quickly from farmland to extension centre whenever he
required such as consultation, for getting information and institutional help regarding the application of
CSA measures. While agricultural technology assets had a positive impact on the adoption of CSA
measures. It can be concluded that the farm household who had better agricultural technology were more
likely to adopt to make any adjustment at the farm level to cope with climate variability. It is indicated
that agricultural technology helps farmers more to adopt CSA measures to mitigate the impact of climate
change. The study suggested that subsidies should be given to the agricultural technologies that are used
for agricultural production. And, extension centres should be constructed in each area considering the
heterogeneity of agroecological zones and the environmental variability in the region.

The common indicators such as access to credit, cash, and income from other sources were used
in the literature for measuring the financial capacity of the farm households. Therefore, we examined
financial capacity by using farm solvency indicators such as credit access to the farmers and financial
resources through the proxy of total agricultural income earned from agricultural production. Credit
access to the farmers and financial condition both had a significant and positive effect on the probability
of willingness to adopt CSA measures. The positive and significant impact of access to credit showed
that lower interest rate encourages the farmers to save more money and invest more for adopting CSA
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technologies. Many farmers took loans to mitigate the impact of extreme weather events in Pakistan.
They used this money to recover agricultural losses and for adopting CSA measures. Financial resources
contributed as positively determinant because a farm household who had a better financial condition due
to good income, he will be able to spend more money on the adoption of CSA measures. Even, he can
repay the loans easily than those farmers who repaid the debt after the harvest. Thus, a framer with a
better financial condition was likely to adopt more.

The climate shocks index was calculated by using a simple count of weather shocks experienced
by the farmers in the study area. The coefficient of climatic shocks was found a significant and positive
impact on the probability of intended to adopt CSA measures. This positive association may be due to
the improvement in adaptation measures that were adopted by the farmers in the context of disaster risk
reduction strategies. It also showed that the farmers have learned from the past climatic events. This
ongoing exposure has developed their confidence to adopt to mitigate a wide range of climate change-
related hazards. We can conclude that the farmers who impacted more climatic shocks were more
intended to adopt sustainable agriculture as compared to the other farmers (Alemu and Mengistu 2019).

In this study, we also identified a number of constraints that farm households faced for the
adoption of CSA practices in the study area. The farmers who perceived long-term weather changes and
intended to adopt CSA practices, but could not adapt due to constraints. Fig. 4 shows the average of the
major constraint faced by the respondent farmers in all study districts. The main constraints were the
lack of institutional support (54%), lack of information (49%), resource constraint (43%) and followed
by the financial constraint (26%), and other constraints (4%).

60 %

50 %

40 %

30 %

Farm households (%)

20 %

10 %

Lack of information Lack of inst. support Resource constraint Financial constraint Others

Il Average
Figure 4. The average score of constraints for the adoption of CSA practices in the study area.

Lack of institutional support was identified as the key constraint for willingness to the adoption
of CSA measures to cope with weather variability. Institutional support was measured through the
farmers’ access to the institutional services provided by private or public institutions. This constraint
can be covered by providing timely information related to the weather and climate shocks, information
regarding the application of adaptation measures, and by giving subsidies on CSA related equipment to
the farmers. Lack of information was another key constraint that deals with weather information and
market development information related to agricultural production. This may be pointed out that farmers
should provide knowledge of agricultural production and should educate how to deal with uneven
patterns of rainfall, extremely high or low temperatures, water stress at the sowing stage, and weather
shocks.
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Resource constraint was the third major constraint identified by the responding farmers. It can
be due to less access to or availability to the adoption of CSA technologies at the farm-level which limits
the farmers’ capability for adapting to cope with the changes in the climate. Financial constraint was
comprised of farm-level credit access and financial capability for the adoption of CSA measures. Lack
of credit access may be due to a high-interest rate for poor households and the lack of access to
microcredit institutions at the farm level. It may be one of the key reasons for the minimal use of farm
credit in the study sites.

4. Discussion and Conclusion

Climate change is a reality that poses significant impacts on Pakistan’s economy. Pakistan’s
economy is based on the agricultural sector, and the sector is severely dependent on natural resources.
Consequently, it is more vulnerable to climate change impact. Most of the previous work for measuring
the farmers’ adaptive capacity was shown without socio-economic considerations. But this study has
focused on the concept of adaptive capacity through assessing its drivers that determine the possibility
of adopting CSA measures to cope with climate variability. We employed novel farm-level data sets
from 420 farm households to examine the farmers’ adaptive capacity to response and their willingness
for the adoption of CSA measures to cope with climate variability. Also, we identified the constraints
that farm households faced for adopting CSA measures. We presented that farm households had
different socio-economic features of adaptive capacity and heterogeneous rates of willingness for the
adoption of CSA measures to cope with climate change impact. We found that assets pentagon (such as
human, physical, social, natural and physical capacity) that farm households hold were the significant
drivers of the adaptive capacity. Most of the farmers were willing to adopt CSA practices to mitigate
weather variability for sustainable agriculture. We also showed that the farmers, who were well-
endowed of assets endowment and had better socio-economic characteristics, were enabled more likely
to adopt CSA practices than the other farmers. This study suggested that CSA adaptation measures-
oriented training and awareness workshops and programs should be started and should be provided at
the household level to facilitate the adoption of CSA practices, but the diversity of the agro-ecological
zones should also be taken into the account.

Further, we also identified the major constraints faced by the respondent farmers in the study
districts. These constraints can be covered with improving the institutional services by providing better
access to the credit services and subsidies to the CSA technologies, information for the use of adaptation
measures, by providing access to the availability of CSA technologies for increasing the viability against
climate change. Hence, the institutional policy should be designed in the local context to expand the
farmers’ adaptive capacity for improving the frequency of the adaptation of CSA measures.
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Pamuk kiitlii verimi.

Oz: Farkli tarla kapasitesi doygunluk derecelerinin (TKDD), pamuk ¢esitlerinde
bazi morfolojik 6zelliklere etkilerinin incelendigi bu galisma, Dicle Universitesi
Ziraat Fakiiltesi deneme alaninda 2014-2015 yillarinda tesadiif bloklarinda
boliinmiis parseller deneme desenine gore 3 tekrarlamali olarak yiirtitiilmistiir.
Ana parseller, farkl tarla kapasitesi doygunluk derecelerini (TKDD) (% 100,
%80, %60, %40) alt parseller ise pamuk ¢esitlerini (Stoneville-453, GW-Teks ve
Deltaopal) olusturmustur. Calismada bitki boyu (cm), gévde ¢ap1 (cm), ana kok
uzunlugu (cm), yaprak alan indeksi, boy/nod orani ve pamuk kiitlii verimi (kg/da)
ozellikleri incelenmistir. 2014-2015 yillar1 ortalamasina gore pamuk ¢esitlerinin
ana kok uzunlugu degerleri, 40.25 cm (GW-Teks) ile 43.52 cm (Stoneville-453)
arasinda; farkli TKDD uygulamalarinda ana kdk uzunlugu degerleri, 31.15 cm
(%100) ile 49.59 cm (%20) arasinda degisim gostermistir. Pamuk kiitli verimi
yoniinden cesitler, 301.42 kg/da (GW-Teks) ile 335.71 kg/da (Stoneville-453)
arasinda; farkli TKDD uygulamalari ise 146.04 kg/da (%20) ile 506.38 kg/da
(%80) arasinda degismistir. Kuraklik stresi kosullari ile ana kdk uzunlugu 6zelligi
arasinda negatif korelasyon; bitki boyu, boy/nod orani, gévde ¢api, yaprak alan
indeksi dzellikleri arasinda ise pozitif korelasyon saptanmistir.
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Abstract: This study was conducted to investigate the effects of different field
capacity saturation degrees (FCSD) on some morphological characteristics of
cotton varieties. The experiment was established as split-plot in RCBD with three
replications at Dicle University Faculty of Agriculture in 2014-2015. The main
parcels, FCSD (100%, 80%, 60%, and 40%) and the sub parcels were cotton
varieties (Stoneville-453, GW-Teks, and Deltaopal). In the study, the traits such
as plant height (cm), stem diameter (cm), root length (cm), leaf area index, and
height/nod ratio and cotton seed yield (kg.da™') were investigated. According to
the average of 2014-2015, the main root length values of cotton varieties were
between 40.25 cm (GW-Teks) and 43.52 cm (Stoneville-453); the main root
length values of different FCSD applications ranged from 31.15 cm (100%) to
49.59 cm (20%). Cotton varieties in terms of cotton seed yield were changed
between 301.42 kg.da' (GW-Teks) and 335.71 kg.da! (Stoneville-453); in
different FCSD applications, ranged from 146.04 kg da! (20%) to 506.38 kg.da"
! (80%) Negative correlation was found between drought stress conditions and
main root length trait; positive correlation was found between traits such as plant
height, height/nod ratio, stem diameter, leaf area index.
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1. Giris

Pamuk bitkisi, yaygin ve zorunlu kullanim alaniyla insanlik agisindan yarattig1 katma deger ve
istihdam olanaklariyla da iiretici iilkeler agisindan ekonomik éneme sahip bir iiriindiir. Iklim degisimi
ile birlikte son yillarda diinya genelinde yagis miktarinda bir azalma ve diizensizligin oldugu
goriilmektedir. Bu durum, pamuk iretiminde kurakligin gelecekte biiylik sorun olusturacagini
gostermektedir. Tlirkiye'nin birgok bolgesinde son yillarda kuraklagsma egiliminin arttig1 ve ilerde daha
siddetli ve uzun siireli kuraklik olaylariin goériilmesi ihtimalinin yiiksek oldugu bildirilmistir (Topgu ve
ark., 2012). Kiiresel iklim degisiminin etkisi ile iklim kusaklarmin kayacagi, Tiirkiye’ nin, bugiin Orta
Dogu'da ve Kuzey Afrika'da egemen olan daha sicak ve kurak bir iklim kusaginin etkisinde kalacagi,
bu iklim kusaklarina uyum gosteremeyen fauna ve floranin yok olacagi, bu degisim ile tarimsal iiriin
deseninin degisecegi dngdriilmektedir (Tiirkes ve ark., 2000). 2100 yilina kadar diinyanin sicakliginin
4 °C artacag; Tiirkiye ve c¢evresindeki bazi i¢ kisimlarda ise bu artis 89 °C kadar ¢ikabilecegi
belirtilmektedir (Tarak¢ioglu, 2008).

Toprak ve iklim Ozellikleri yoniinden biiyiik bir tarimsal potansiyele sahip olan GAP
Bolgesi’nde pamuk, biiylik bir dneme sahiptir. Pamugun yetisme mevsiminde yagisin yetersiz olmasi,
verim artig1 i¢in sulamayi gerekli kilmaktadir. Bdlgede sulanan alanlarin artmasina paralel olarak sulama
suyu miktarinin bu oranda artmamasi, sulama suyunun rantabl-verimli bir sekilde kullanilmamasi,
global iklim degisimi ile bolge ikliminin yagis rejiminde ve toplam yagis miktarinda olusan azaliglar
gibi problemler, kuraklik ve su sikintisini tarimsal {iretimde ana problem haline getirmigstir. Kuraklik
stresi tiim tarimsal iirlinlerin tiretimini ciddi bir sekilde etkilemektedir. Pamuk bitkisi genellikle sulanan
kosullarda yetisen yazlik bir bitki olup, bélgemizde yetisme periyodu siiresince ortalama 600-700 mm
su tiiketmekte, Harran ovasi gibi daha sicak bolgelerde ise su tiiketimi 1000-1100 mm’ye kadar
ylikselmektedir.

Kiiresel 1sinma ve buna bagli olarak olusan kuraklik stresi hem {ilkemizde hem de diinyada
pamuk tarimini olumsuz etkilemektedir. Diinya topraklarinin 1/3'iinden fazlasini1 yakindan ilgilendiren
kuraklik stresi, tarimsal {irlinlerinin iiretiminde ciddi sorunlara neden olmaktadir (Monti, 1987). Bu
nedenle kuraklik stresinin pamuk bitkisinin ekolojisinde, morfolojisinde nasil bir degisim meydana
getirdiginin arastirilmasi, kuraklikla olusan zararin boyutlarinin anlasilmasi ve ileride daha da artacagi
belirtilen zararlarinin 6nlenmesi icin tedbirlerin alimmasi ydniinden 6nem tasimaktadir. Yapilan
arastirmalar bitki su stresinin, kolaylikla olgiilebilen parametreler kullanilarak niceliksel olarak ifade
edilebilecegini gostermistir. S6z konusu parametreler, bitki tag ve hava sicakligi farki ile yaygin olarak
atmosferin buharlastirma istemi olarak tanimlanan havanin buhar basinci acigidir (Jackson, 1982; Idso
ve ark., 1977). Bu calisma, pamuk bitkisinin iiretiminde yasanan su kisintilarinda {iretimin daha az
etkilenmesine yonelik olarak bilimsel ve pratik uygulamalara katki saglamak amaciyla yapilmustir.

2. Materyal ve Yontem

Calisma, Dicle Universitesi Ziraat Fakiiltesi deneme alaninda 2014-2015 yillarinda bdliinmiis
parseller deneme desenine gore 3 tekrarlamali olarak yliriitilmistir. Ana parselleri, farkli tarla
kapasitesi doygunluk derecesi (TKDD, %) (%100, %80, %60, %40), alt parselleri ise pamuk cesitleri
(Stoneville-453, GW-Teks ve Deltaopal) olusturmustur.

Diyarbakir’in iklimsel faktorleri incelendiginde sert bir kara ikliminin egemen oldugu
gorilmektedir. Yazlar ¢ok sicak, kislar ise siddetli soguktur. En sicak ay ortalamasi 31 °C, en soguk
ay ortalamasi ise 1.8 °C’dir. 486.7 mm olan y1llik ortalama yagis miktarinin yaklasik %2'si yaz aylarinda
diismekte ve kuzeye dogru gidildik¢e yagis miktar1 artmaktadir. Ortalama nispi nem en ¢ok (%77)
Aralik ve Ocak aylarinda en az (%20) ise Temmuz-Agustos aylarinda olusmaktadir (Anonim, 2015).

Deneme alani topraklarinin fiziksel (biinye analizi, volim agirligi (gr/cm?®), tarla kapasitesi ve
devamli solma noktasi) ve kimyasal (pH, % kireg) 6zellikleri, 0-90 derinliklerden alinan 6rneklerde,
Tiiziiner (1990) tarafindan belirtilen analiz yontemleriyle belirlenmistir. Ayrica bitki boyu (cm), gévde
¢ap1 (cm), ana kok uzunlugu (cm) 6l¢iilmiis, yaprak alan indeksi (Sunscan cihazi ile), boy/nod orani ve
pamuk kiitlii verimi (kg/da) 6zellikleri belirlenmistir.
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[k sulama oncesi toprak su igerigi tespiti icin her parselin orta 2 sira arasina Delta T Profile
Probe cihazina ait 90 cm’lik probe tiipii yerlestirilmistir. Deneme yerini temsil eden bir noktadan profil
cukuru acilarak, 30’ar cm’lik katmanlar halinde 90 cm’ye kadar bozulmus ve bozulmamis toprak
ornekleri alinmistir. Toprak Orneklerinde, Tiziiner (1990) tarafindan belirtilen analiz ydntemleri
kullanilarak; tarla kapasitesi, devamli solma noktasi, volim agirligi ve toprak biinyesi gibi fiziksel
analizler ile toprak reaksiyonu, toplam tuz, organik madde, kire¢, yararlanilabilir fosfor ve potasyum
kimyasal analizler yapilmistir. Deneme yerinden 0-90 cm derinliklerden toprak numuneleri alinarak,
analiz edilmistir. Biinye smifi killi-tinli, su ile doygunluk %62, tarla kapasitesi (TK) %41.52, solma
noktas1 (SN) %11.88, voliim agirlig: 1.35 gr/cm?, pH 7.87, iletkenlik 1.064 dS/m, kireg igerigi %30.4,
fosfor icerigi %4.4, potasyum igerigi %1.25 ve organik madde miktarinin %1.8 diizeyinde saptanmustir.

Deneme alanina 16 kg/da N, 7 kg/da P,Os gilibrelemesi yapilmistir. Sulamalarda damla sulama
yontemi kullanilmustir. {1k sulamada, tiim parseller toprak tarla kapasitesine getirilecek diizeyde sulama
yapimigtir. Sulamalarda ana parsellere, toprak profilinin 90 cm derinligindeki eksik nemi tarla
kapasitesine getirmek icin gerekli sulama suyu miktarinin sayag ile verilmesi planlanmistir. Sulamaya
topraktaki elverisli nem %35’¢ diistiigiinde baslanilmistir. Bitki su tiiketimi, su dengesi esitligine
dayanan “Nem Azalma Yontemi’’ ile hesaplanmistir (Beyce ve ark., 1972). Tiim parsellerde Delta T
Profile Probe cihaz ile sulama Oncesi ve sulama sonrasi toprak suyu 6l¢iimleri yapmustir.

Calismada, her bir 6zellik igin elde edilen degerler, JMP 5.0 (Copyright © 1989-2002 SAS
Institute Inc.) istatistik paket programi kullanilarak, istatistiksel yonden analiz edilmistir. Sonuglar, F
testi, korelasyon ve regresyon analizleri ile incelenmis ve ortalamalar, EGF testi uyarinca
gruplandirilmistir.

3. Bulgular ve Tartisma

Incelenen 6zelliklerden bitki boyu, gévde ¢apr ve ana kok uzunluguna ait ortalama degerler
Cizelge 1°de, yaprak alani indeksi, boy/nod oram ve pamuk kiitlii verimine ait ortalama degerler ise
Cizelge 2’de verilmistir.

Bitki boyu (cm): Calismada kullanilan pamuk c¢esitlerinin, farkli TKDD uygulamalarinda bitki
boyu yoniinden, Cesit ve TKDD uygulamalar1 %1 diizeyinde 6nemli bulunmustur. Pamuk ¢esitlerinin
bitki boylar1 82.63 cm (Stoneville-453) ile 94.34 cm (GW-Teks) arasinda degisim gostermis; farkl
TKDD uygulamalarinda bitki boyu degerleri, 70.26 cm (%20) ile 117.48 cm (%80) arasinda degisim
gostermistir. %80 TKDD uygulamasi, en uzun bitki boyunun elde edildigi grubu olustururken, %20
TKDD uygulamasinin ise en kisa bitki boyu grubunu olusturdugu Cizelge 1’de goriilebilmektedir. El-
Zik ve Thaxton (1989), kurakliga dayaniklilik bakimindan cesitler arasinda 6nemli farkliliklarin
olabilecegini bildirmistir. Biitiin g¢esitlerde bitki boyunun farkli TKDD uygulamalarindan oldukga
etkilendigi, materyali olusturan her 3 pamuk ¢esidinde TKDD uygulamalari ile bitki boyu 6zelligi
arasinda quatratik bir iliski belirlenmistir. Tim gesitler dikkate alindiginda y=-0.0135x>+2.4815x—
6.8585 (R?>=0.60) degisim denkleminin elde edildigi, en uzun bitki boyunun elde edildigi TKDD
uygulamasimin %91 oldugu; en yiiksek bitki boyu degerinin ise 107.18 cm oldugu saptanmistir (Sekil
2). Pamuk bitkisi gelisiminde su oldukc¢a 6nemli bir yer tutmaktadir. Kurak kosullarda pamuk bitkisinin
gelisimi yavasladigi i¢in boyu kisa kalmaktadir.

Govde ¢apr (cm): Calismada kullanilan pamuk ¢esitlerinin, farkli TKDD uygulamalarinda
govde capi yoniinden, Cesit, TKDD uygulamalar1 ve CesitxTKDD interaksiyonunun %1 diizeyinde
onemli oldugu Cizelge 1’de goriilebilmektedir. Farkli pamuk cesitlerinin gévde ¢ap1 degerleri, 2.63 cm
(Stoneville-453) ile 3.10 cm (Deltaopal) arasinda; farkli TKDD uygulamalarinda gévde ¢api degerleri
ise 2.18 cm (%20) ile 3.80 cm (%80) arasinda degismistir. %80 TKDD uygulamasinin en yiiksek gévde
cap1 degerine; %20 TKDD uygulamasinin ise en diisiik govde ¢ap1 degerine sahip oldugu belirlenmistir
(Cizelge 1). Her 3 pamuk ¢esidinde de TKDD uygulamalari ile gdévde cap1 6zelligi arasinda pozitif ve
quatratik bir iligkinin, var oldugu goriilmektedir. Tiim ¢esitler dikkate alindiginda y=-
0.0005x%+0.0877x-0.1741 (R*=0.30) degisim denkleminin elde edildigi, en yiiksek gévde ¢ap1 degerinin
elde edildigi TKDD degerinin, %87.70 oldugu saptanmistir (Sekil 3). Davies ve Zhang (1991), ve Naqvi
(1995) kuraklik stresinin hormonal dengenin bozulmasina yol agtigini ve gévde -kok gelisiminin ters
yonlii etkiledigini bildirmislerdir.

Yaprak alam indeksi (LAI): Calismada kullanilan pamuk c¢esitlerinin, farkli TKDD
uygulamalarina gore yaprak alan indeksi 6zelligi yoniinden, Cesit, TKDD uygulamalari ve y1l varyasyon
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kaynaklarinin birbirinden %1 diizeyinde 6nemli farklilik gosterdigi Cizelge 2°de goriilebilmektedir.
Farkli pamuk ¢esitlerinin yaprak alan indeksi degerlerinin, 3.23 (Stoneville-453) ile 3.98 (GW-Teks)
arasinda degisim gostermis; GW-Teks ¢esidi en yiiksek; Stoneville-453 ¢esidi ise en diisiik yaprak alan
indeksi degerini almigtir. Farkli TKDD uygulamalarinda yaprak alan indeksinin ise 2.08 (%20) ile 6.36
(%80) arasinda degisim gosterdigi belirlenmistir (Cizelge 2).

Biitlin cesitlerde yaprak alan indeksi degerlerinin farkli TKDD uygulamalarimdan oldukca
etkilendigi, her 3 pamuk ¢esidinde de TKDD uygulamalar1 ile yaprak alan indeksi 6zelligi arasinda
quatratik bir iliskinin, var oldugu goriilmektedir. TKDD ile yaprak alan indeksi arasinda pozitif ikili
iligkinin (r=+0.70, p<0.001) saptanmasi1 bu sonucu desteklemektedir. Cesitler dikkate alindiginda y=-
0.0014x%+0.2557x-6.0717 (R*=0.60) degisim denkleminin elde edildigi, en yiiksek yaprak alan indeksi
degerinin elde edildigi TKDD uygulamasinin %91 oldugu; en yiiksek yaprak alan indeksi degerinin ise
5.60 oldugu saptanmustir (Sekil 4). Yaprak alan indeksi pamuk bitkisinin gelisimi ve fizyolojik
dengesinin bir gostergesi olarak kuraklik stresinden olumsuz etkilendigi saptanmigtir (Radin ve ark.,
1992). Gerek cesitler arasinda ve gerekse kuraklik stresi kosullarinin yaprak alan indeksinde énemli
farklilik olusturmasi, bu 6zelligin diger stres calismalarinda giiven ile kullanilabilecegini ortaya
koymaktadir.

Boy/nod orani: Calismada kullanilan pamuk cesitlerinin, boy/nod orani 6zelligi yoniinden, Cesit
ve TKDD uygulamalarinin %1 diizeyinde 6nemli oldugu saptanmistir. Pamuk ¢esitlerinin boy/nod orani
degerleri, 2.64 (GW-Teks) ile 3.01 (Stoneville-453) arasinda degisim gostermistir. TKDD
uygulamalarinin boy/nod orani degerleri ise 2.04 (%20) ile 3.92 °C (%100) arasinda belirlenmistir. %100
TKDD uygulamasinda en yiiksek, %20 TKDD uygulamasindan ise en diisiik boy/nod orani elde
edilmistir (Cizelge 2). Biitiin gesitlerde boy/nod orani degerlerinin farkli TKDD uygulamalarindan
oldukga etkilendigi, her 3 pamuk ¢esidinde de TKDD uygulamalar ile boy/nod orani 6zelligi arasinda
linear bir iliskinin, var oldugu goriilmektedir. TKDD ile boy/nod oram arasinda pozitif ikili iliskinin
(r=10.93, p<0.001) saptanmasi, linear iliskiyi desteklemektedir. Tiim ¢esitler dikkate alindiginda
y=0.0297x+0.9731 (R?=0.88) degisim denkleminin elde edildigi, Sekil 5’den goriilebilmektedir. Pamuk
bitkisi gelisiminde bitki boyu ve nod olusumlari, birbiri ile oldukga iligkili iki gelisim unsurudur.
Boy/nod oranindaki diisiis, bitki bliylime ve gelisimi ile benzerlik gosterdigi gibi, verim diisiist ile
benzerlik géstermistir. Bulgularimiz, Heitholt (1994), Kerby ve ark., (2010 ve Ekinci (2017) bulgular:
ile benzerlik gostermektedir. Kurakligin varligi ve siddetinin belirlenmesinde boy/nod oran1 parametresi
rahatlikla kullanilabilecegi saptanmistir.

Ana kék uzunlugu (cm): Calismada kullanilan pamuk ¢esitlerinin, farkli TKDD uygulamalarina
gore ana kok uzunlugu 6zelligi yoniinden, c¢esit, TKDD ve Yil varyasyon kaynaklar1 %1 diizeyinde
onemli oldugu belirlenmistir. Farkli pamuk cesitlerinin ana kok uzunlugu degerleri, 40.25 cm (GW-
Teks) ile 43.52 cm (Stoneville-453) arasinda degisim gostermistir. TKDD uygulamalarinin ana kok
uzunlugu degerleri ise 31.15 cm (%100) ile 49.59 cm (%20) arasinda saptanmigtir. GW-Teks ve
Deltaopal c¢esitleri en kisa; Stoneville-453 c¢esidi ise en uzun grupta yer almistir. %20 TKDD
uygulamasi, en yiiksek; %100 TKDD uygulamasi ise en diisiik ana kdk uzunlugu grubunu olusturmustur
(Cizelge 1). Biitiin ¢esitlerde ana kdk uzunlugu degerlerinin farkli TKDD uygulamalarindan oldukga
etkilendigi, her 3 pamuk cesidinde de TKDD uygulamalari ile ana kok uzunlugu arasinda linear bir
iligkinin, var oldugu saptanmistir. TKDD uygulamalar1 ile ana kdk uzunlugu 6zelligi arasinda negatif
ikili iliski (r=-0.90, p<0.001) saptanmasi, linear iliskiyi destekler niteliktedir. Tim g¢esitler dikkate
almdiginda y=-0.3042x+60.802 (R?>=0.81) degisim denklemi elde edilmistir (Sekil 6).

Pamuk bitkisinin ana kok gelisimi bitkinin kurak kosullarda toprak nemine ulasabilmesi igin
daha hizl1 gelistiginin gostergesidir (Kagar, 2007). ilk sulama suyunun geciktirilmesi ile bitkinin ana
kok gelisiminin arttig1 belirlenmistir. Calismada elde ettigimiz bulgular, Quisenberry ve ark., (1982),
Benedict (1984), Ramamoorthy ve ark., (2017), Niu ve ark., (2018), Singh ve ark., (2018), Bat ve ark.,
(2019), Hasan ve ark., (2019) ve Chen ve ark., (2019) kok morfolojisi ve biiyiime potansiyelinin, su
stresi kogullarinda 6nemli bir faktdr oldugu konusundaki bulgularinin destekler niteliktedir.

Pamuk kiitlii verimi (kg/da): Calismada kullanilan pamuk ¢esitleri ve farkli TKDD uygulamalar
kiitlii pamuk verimi yoniinden %1 diizeyinde 6nemli bulunmustur. Farkli pamuk c¢esitlerinin kiitli
verimleri, 301.42 kg/da (GW-Teks) ile 335.71 kg/da (Stoneville-453) arasinda meydana gelmistir.
TKDD uygulamalar1 pamuk kiitlii verimleri ise 146.04 kg/da (%20) ile 506.38 kg/da (%80) arasinda
degisim gostermistir. Stoneville-453 cesidi (335.71 kg/da) pamuk kiitlii verimi yoniinden en yiiksek
grupta yer alirken, GW-Teks (301.42 kg/da) ve Deltaopal (316.16 kg/da) gesitleri daha diisiik grupta yer
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almigtir. %80 TKDD uygulamasi (506.38 kg/da) en yiiksek pamuk kiitlii veriminin elde edildigi grubu,
%20 (146.04 kg/da) ve %40 TKDD uygulamalar1 (164.02 kg/da) ise en diisiik pamuk kiitlii veriminin
elde edildigi grubu olusturmustur (Cizelge 2).

Biitiin ¢esitlerde pamuk kiitlii verim degerlerinin farkli TKDD uygulamalarindan oldukga
etkilendigi ve her 3 pamuk ¢esidinde TKDD uygulamalari ile pamuk kiitlii verim 6zelligi arasinda
quatratik bir iliskinin var oldugu goriilmektedir. TKDD ile pamuk kiitlii Verim 6zelligi arasinda pozitif
almdiginda y—-O 1472x2+25 739x-645.11 (R?>=0.91) degisim denklemmm elde edildigi, en yiiksek
pamuk kiitlii veriminin TKDD degerinin, %87 oldugu saptanmustir (Sekil 7).

Pamuk bitkisi gelisiminde su olduk¢a dnemli bir faktdr olup, kuraklik (yetersiz toprak nemi)
kosullarinda, yaprak alan indeksinde (Gerik ve ark., 1996; Pettigrew, 2004; Awasthi ve ark., 2018);
gelisim ve biiylimesinde (Snowden ve ark.,. 2013; Wang ve ark., 2016; Ullah ve ark., 2017; Lei ve ark.,
2018; Ibrahim ve ark., 2019) verim ve verim unsurlarinda ciddi bir sekilde diisiislere neden olmaktadir
(Pettigrew, 2004; Hussein ve ark., 2011; Cave, 2013; Niu ve ark., 2018; Bahramloo ve Nasseri, 2019).
Ayrica, asir1 sulama (yiiksek toprak nemi) kosullarinda da bitki strese girerek gelisimini
yavaglatmaktadir. Bu durum, pamugun gelisim ve biiyiimesinde, pamuk kiitlii verimi ve verim
Ogelerinin olumsuz etkilenmesine neden olmaktadir.

4. Sonug¢

Kuraklik stresinin diger bir¢ok bitkide oldugu gibi pamuk bitkisinde de incelenen ozellikler
yoniinden olumsuz etkileri belirlenmis, kuraklik stres kosullari ile bitki boyu, govde ¢api, yaprak alan
indeksi 6zellikleri arasinda quatratik; ana kok uzunlugu, boy/nod oran1 6zellikleri arasinda ise linear bir
iliskinin var oldugu saptanmistir. Kuraklik stresi kosullari ile ana kok uzunlugu 6zelligi arasinda negatif
korelasyon; bitki boyu, boy/nod orani, gévde capi, yaprak alan indeksi ozellikleri arasinda pozitif
korelasyon tespit edilmistir. En uygun TKDD degerinin bitki boyu 6zelligi igin %84, gévde capi, 6zelligi
icin %87, yaprak alan indeksi 6zelligi i¢in, %91 oldugu sonuglarina varilmistir. Genotiplerin kuraklik
stresi kosullarinda performanslarinin belirlenmesine yonelik olarak yapilacak calismalarda ana kok
uzunlugu, boy/nod orani, gévde ¢api, yaprak alan indeksi parametrelerinin 6nemli ve pratik olmasi
nedeniyle kullaniminin 6nerildigi, kurak kosullarda, verim ve verim unsurlarinda ciddi diistisler
meydana gelirken agir1 sulama kosullarinda da bitki strese girerek gelisimini yavaglatmakta ve kiitli
verimi ve verim unsurlarinda diisiisler olusturmaktadir.
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Sekil 1. Sulama 6ncesi ve sulama sonrasi toprak nem degisimleri.
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Sekil 6. TKDD’lere gore ana kok uzunlugu Sekil 7. TKDD’lere gore pamuk kiitlii verimi
degisimi. degisimi.
Cizelge 1. Bitki boyu, gbvde ¢ap1 ve ana kok uzunluguna iliskin ortalama degerler.
Cesitler TKDD (%) Bitki Boyu (cm) Govde Capi (cm) Ana Kok Uzunlugu (cm)
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2014 2015 Ort. 2014 2015 Ort. 2014 2015 Ort.
20% 7000 70.83 7042 235 2.18 227 gh 51.09 48.10 49.59

40% 7346 7698 7522 264 256 2.60 fgh 4707 4459 4583

Deltaopal 60% 80.11 8044 8028 2.84 263 273 efg 4627  44.02  45.14
80% 121.67 127.86 124.76 465 452 459 a 3479 3301 33.90

100% 102.82  104.05  103.43 338 323 330 bed 2997 29.02  29.50

20% 6433 6491  64.62 215 203 209 h 5180 5001  50.90

, 40% 6770 68.88 6829 242 224 233 gh 5182 4920  50.51
S“’ﬂg‘“e' 60% 7460 7770 76.15 246 237 242 gh 48.12 4562  46.87
80% 106.59 110.00  108.29 329 3.09 3.19 bede 36.66  34.92 3579

100% 93.68 9790  95.79 319 3.07 3.13 cdef 3416 3291  33.54

20% 76.00 7547  75.74 230 207 2.19 h 4942  47.14 4828

40% 7945 8274  81.09 3.00 2.92 296 def 4736 4508  46.22

GW-Teks 60% 8627 8890  87.58 299 294 297 def 4569 4353 44.61
80% 120.11 118.67 119.39 383 343 3.63 be 3245 3103 3174

100% 107.27 108.49  107.88 378 3.62 370 b 30.15  30.68  30.41

Deltaopal 89.61 9203 9082 b  3.17 3.02 3.10 a 41.84 3975 40.79b
Stoneville-453 8138 8388 8263 ¢ 270 256 2.63 b 4451 4253 43.52a
GW-Teks 9382 9485 9434 a 318 299 3.09 a 41.01 3949 4025b
20% 7011 7040 7026 e 227 2.09 2.18 d 50.77 4841 4959a

40% 7354 7620 7487 d 269 257 2.63 c 4875 4629 47.52b

Ort. 60% 8033 8235 8134 ¢ 276 265 271 c 46.69 4439 4554¢
80% 116.12 118.84 11748 a 392 3.68 3.80 a 3463 3299 3381d

100% 10126 103.48 10237 b 345 330 338 b 3143 30.87 3l.15e

Ortalama 8827 9025  89.26 3.02 2.86 294 42452 40.59b 4152

Ort.: Ortalama; TKDD: Tarla kapasitesi su doygunluk derecesi; cm: Santimetre; Ayni harfler ayni gruplari géstermektedir.

Cizelge 2. Yaprak alan1 indeksi, boy/nod oran1 ve pamuk kiitlii verimine iliskin ortalama degerler

TKDD Yaprak Alan Indeksi Boy/Nod Orant Pamuk Kiitlii Verimi (kg/da)

Cesitler (%) 2014 2015 Ort. 2014 2015 Ort. 2014 2015 Ort.
20% 233 182  2.08 206 202 2.04 gh 147.97 149.88 148.93

40% 244 201 222 216 220  2.18 fgh 155.75 17169 163.72

Deltaopal  60% 3.08 276 2.92 267 268 268 efg 303.06 378.39 340.73
80% 579 787 683 343 347 345 a 500.90 480.00 490.45

100% 446 513  4.80 406 426  4.16 bed 440.05 433.89 436.97

20% 214 154 184 224 216 220 h 172.03 164.04 168.04

. 40% 225 170 198 234 236 235 gh 185.13  207.02 196.08
Sto‘;‘?}l“e' 60% 286 239 2.62 288 296 292 gh 337.52 33335 335.44
80% 507 604 556 358 362  3.60 bede 54278 525.00 533.89

100% 407 426 4.17 400 396  3.98 cdef 447.64 442.62 445.13

20% 253 215 234 189 185 187 h 125.74 11657 121.16

40% 265 235 250 1.99  1.97  1.98 def 13333 13121 13227

GW-Teks  60% 331 319 325 249 259 254 def 270.87 350.88 310.88
80% 571 7.68  6.69 312 326 3.19 be 507.58 482.04 494.81

100% 466 559  5.12 355 367 361 b 457.33  438.63  447.98
Deltaopal 362 392 377 b 287 293 290 b 309.55 32277 316.16b
Stoneville-453 328 319 323 ¢ 300 300 301 a 337.02 33441 335.71a
GW-Teks 377 419 398 a 261 267 264 ¢ 298.97 303.87 301.42b
20% 233 184 208 e 206 201 204 ¢ 148.58 143.50 146.04 d
40% 245 202 223 d 216 218 217 d 158.07 169.97 164.02d
Ort. 60% 308 278 293 ¢ 268 274 271 ¢ 303.82 35421 329.01c¢
80% 552 720 636 a 337 345 341 b 517.09 495.68 506.38a
100% 440 499 470 b 387 396 392 a 44834 438.38 443.36b

Ortalama 356 3.76a  3.66 283 287 285 315.18  320.30 317.76

Ort.: Ortalama; TKDD: Tarla kapasitesi su doygunluk derecesi; kg/da: Kilogram/dekar; Aym: harfler ayni1 gruplar gostermektedir.

Tesekkiir
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Bu makalede yer alan veriler, DUBAPI13-ZF-30 no'lu "Pamukta Su Stresinin Fizyolojik Bazi
Parametreler ile Incelenmesi" konulu projeye ait Sonu¢ Raporu’nun bir béliimiinden elde edilmistir.
Belirtilen projenin finansal destegini (biitgesi) saglayan DUBAP’a tesekkdirlerimizi sunariz.
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Oz: Karasal salyangoz (Helix lucorum L.), Helicidae ailesine ait, ormanlarda ve
nemli bolgelerde yasar; yaprak, aga¢c kabugu ve bol miktarda seliiloz igeren
bitkilerden beslenir. Karasal salyangozun sindirim sistemi, selliilozik materyali
sindirebilen 6zel enzim bilesenlerine sahiptir. Aseto karmin, Aceto orsein,
Feulgen ve farkli boyar maddeler kullanilarak yapilan kromozom ve karyotip
analizi caligmalarinda, tiire ait karakterlere bagli olarak kromozom boyu, tanen
miktar1 ve kromozom karsilastirmalarinda sorunlar yasanmigtir. Kara
salyangozu midesinin enzimatik bilesenleri, sitoplazma ve hiicre duvari
yumusamasi iizerinde etkili olmustur. Calismada, ¢avdar (Secale spp.) bitkisine
ait iki tiirde, en iyi ve kolay sekilde kromozomlarin ayrilmasi ve dagilmasi
amaciyla bu bilesenler kullanilmistir. Sitaz ve diger enzimlerin aktif bir
karigimmi  iceren enzimatik bilesenleri kullanmak amaciyla, karasal
salyangozlar Iran’in kuzey batisindaki nemli Arasbaran Ormanlari’ndan
toplanmis, bilesenler elde edilmis ve soguk kosullarda muhafazasi saglanmistir.
iki cavdar tiiriiniin (Secale cereale L. ve S. montanum) ¢imlenmis tohumlarmin
kok uglar1 a-bromonaftalin soliisyonunda on isleme tabi tutulmus ve aseto-iron
hematoxylin boyar madde ile boyanmigtir. Daha sonra, sitoplazmay1
belirginlestirmek, hiicre duvarmi yumusatmak ve tatminkar bir kromozom
yayilmasi ve ayrilmasi elde etmek amaciyla kara salyangozu midesinden elde
edilen enzimler kullanilmigtir. Arastirma sonucunda kara salyangozu midesinin
enzimatik bilesenleri kullanilarak, her iki tiirde kromozomlar agik bir sekilde
ayirt edilmis ve, iyl bir metafaz safhast ve dagilimi go6zlemlenmistir.
Kromozomlar bozulmadan kalirken, tiim hiicrelerin tamamen ayrilmasi kolay
bir sekilde saglanmistir. Cavdar tiirleri (Secale spp.) 2n=2x=14 kromozoma
sahiptir ve diploiddir. Her iki tiirde de satellit (uydu) kromozom vardir ve
satellitler, kromozomlarin kisa kollar1 {izerinde bulunmaktadir.

Karyotype Analysis of Rye (Secale spp.) Species by Using the Extracted Enzyme from
the Terrestrial Snail Stomach (Helix lucorum L.)
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Abstract: The snail (Helix lucorum L.) belongs to Helicidae family, lives in
forests and moist regions and feeds from leaves, wood, and vegetable containing
a lot of cellulose. The digestive system of this snail has special enzymatic
components for digesting cellulosic materials and has some effects on
cytoplasmic and cell wall digestion. Chromosomal studies and karyotypes
analysis using different methods of staining (Aceto Carmine, Aceto Orcein,
Feulgen and etc.) have some problems such as chromosomal size, amount of
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Keywords tannins and difficulty of contrast in chromosome detection depending on species

Rye, characters. We used these components that included an active mixture of Cytase

Karyotype, and other enzymes, for easy squashing and perfect chromosome separation in

g??;lle(Hehx)’ two species of rye (Secale spp.). The terrestrial snails were collected from

Cytase’. Arasbaran humid forests (North West of Iran), and extracted the components
and kept in freeze condition. The root tips of germinated seeds of two species of
rye were pretreated with a-Bromonaphtalin solution and stained in Aceto-Iron
Haematoxylin. Then the enzymes were used for clearing cytoplasm and
softening cell walls and to obtain sufficient squashing and chromosomes spread.
The using the enzymatic components of snail stomach was very effective in
squashing stage, and obtaining good metaphase plates, the chromosomes were
counted and distinguished very clearly. The separation of all cells, without
damaging the chromosomes, was achieved easily and completely. Species of rye
(Secale spp.) were diploid with 2n=2x=14 chromosomes. The satellited
chromosomes were seen in both two species on short arms of chromosomes.

1. Giris

Sitolojik ¢alismalar ve kromozomlarin karyotip hazirlanmasinda, hiicre boliinmesinin metafaz
evresinde, iyi ve net mikroskobik lamlar elde etmede, metafaz safhasindaki kromozomlarin
dagiliminda eksiklik, kromozomlarin hiicre organelleri tarafindan ortiilmesi, kromozomlarin {ist iiste
binmesi ve aymi diizleme oturmamasi ve son olarak da hiicre igi eklerin varlig1 gibi birgok sorun
yasanmaktadir. Bu sorunlar1 gidermek, kromozom arastirmalarini iyilestirmek ve bitki ve hayvan
hiicrelerinden uygun karyogram elde etmek icin organelleri ortadan kaldirmak ve sitoplazma
¢Oziiniirligiini artirmak gerekmektedir. Bu amagla, amilaz, seliilaz, pektinaz ve sitaz gibi enzimler
kullanilir (Sharma ve Sharma, 1980).

Yukarida adi gegen ticari enzimlerin saglanmasi ve saklanmasi ¢ok yiiksek maliyetli oldugu
i¢in, arastirmacilar bu sorunu giderecek yeni arayislar i¢ine girmislerdir. Bu dogrultuda da salyangoz
gibi hayvanlar sindirim sisteminde iiretilen enzimlerin daha elverigli ve daha ucuz elde edilir
olmasindan dolay1 tercih edilmeye baslanmistir (Greathouse, Klemme ve Barker, 1942; Niranjan ve
Roy, 1982).

Bu arastirmada kullanilan kara salyangozuna, ¢ogunlukla rutubetli bolgelerde bulunan bahge
salyangozu (Helix lucorum L.) adi da verilmektedir. Bu salyangozun sindirim sisteminde salgilanan
enzim, amilaz, seliilaz ve pektinaz karisimidir ve seliiloz ve pektin maddelerini ayristirma 6zelligine
sahiptir (Dorit ve ark., 1991; Moyes ve Schulte, 2008).

Bu arastirmada karasal salyangozun (Helix lucorum L.) sindirim sisteminden elde edilen
enzim karigimi, Graminae familyasindan olan iki tiir cavdarin (Secale spp.) kromozomlarinin
incelenmesi sirasinda ezme mikroskobik preparat ve goriintli hazirlama agamasinda kullanilmigtir. Bu
bitkinin tohumu insan ve hayvan beslenmesinde kullanilir ve iran’da 6 tiirii mevcuttur (Rechinger,
1973; Khodabande, 2013).

Karasal Salyangozun (Helix lucorum L.) Zoolojik Siniflandirilmasi: Karasal salyangoz, omurgasizlar
(Invertebrate) sinifindan, yumusakgalar (Teomophidea) grubundan, gastropoda kategorisinden, tek
kutuplu yumusakciklar’dan (Mollusks univalve) ve (Helicidae) familyasina ait bir tiirdiir. (Dorit ve
ark., 1991; Moyes ve Schulte, 2008; Schmidt-Nielsen, 1997). Diinyada tespit edilen gastropoda tiirii
yaklagik 35000 tiirdiir (Dorit ve ark., 1991; Miller ve Harley, 1992; Salahi Moghaddam, 2009).
Gastropodalarin ¢ogu denizde yasar, ancak bunlardan bazilari tatli suda, bazilar1 da karada yasamaya
adapte olmuslardir. Salyangozlar ise genellikle karada yasarlar (Pruitt, Underwood, ve Surver, 2000).

Salyangozun Morfolojik Ozellikleri: Yumusak beden ile kalsiyum karbonattan olusan sert bir kabuk
normal salyangozlarin ortak 6zellikleridir (Russel-Hunter, 1979). Bu salyangozun goriiniirde bir ayak—
bas kismi vardir ve bas, bu kismin en 6niinde konumlanarak iki ¢ift anten (1 ¢ift duyusal ve bir ¢ift de
gorsel) ile diger kisimlardan ayrilmistir. Agiz yarik benzeri bir deliktir ve tam olarak ayak — bag
kisminin 6n alt boliimiindedir ve ¢ok belirgin degil (Karami, 2000). Bu salyangoz karada yasar ve
yetiskin bir salyangozun kabuk c¢ap1 3 ile 5 santimetre arasinda degismektedir (Dalili, 2005).
Kabugunun rengi kahve tonundadir (Shekoohinezhad ve Amin, 1973). 4 adet anteni mevcuttur ve
gozler arka antenlerin {istiinde yer almistir. Bu salyangoz karin kaslarindaki dalgalanma hareketinin
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yardimiyla, agzinin altinda var olan bezden salgilanan mukoza dolu bir yol {izerinde yavas ve sabit bir
hizla ilerlemektedir. (Shekoohinezhad ve Amin, 1973; Habibi, 2015).

Karasal Salyangozun Iran’da Yasam Alani ve Dagilimi: Bu salyangoz ormanlarda ve rutubetli
bolgelerde yasayip seliillozu bol olan yaprak, agac, yesil bitki ve benzeri maddelerle beslenir. Bu
maddeleri agzindaki tiikiiriikle 1slatip ¢enesiyle tutarak kiiciik radula disleriyle kiigiik parcalara ayirip
ufaltir (Storer ve ark., 1968; Moyes ve Schulte, 2008; Habibi, 2015). Salyangozlar genellikle gece
saatlerinde ve rutubetli havalarda daha aktif olurlar ve kasli bacaklarindaki kasilma dalgalariyla
hareket ederler (Storer ve ark., 1968). Iran’da bu tiir kuzeybat1 ormanlarinda (Karadag Bélgesi) 1500
metre yiikseklikte bulunmaktadir.

Sindirim Sistemi: Karasal salyangozda sindirim agizdan baslar. Sistem, kasli bir bogaz, sert bir gene,
dil yerine gegen ve Radula denilen bir organ ve birkag sira kitinsel kiiciik dislerden olusur (Karami,
2000; Storer ve ark., 1968). Tasligin hizasinda iki adet tiikiiriik bezi mevcuttur. Bu bezlerin salgiladigi
enzimler yemek borusunun 6n kismina akar. Bu bezler kismen sulu ve gesitli enzimler ihtiva eden
miikoz salgilar. Tasliga ayni zamanda sindirim bezlerinin salgilar1 da dokiiliir. Bu salyalar arkaya
dogru akar, ayn1 zamanda kahverengi olan, sitaza benzeyen ve seliilozun hazmedilmesine yarayan bir
enzim de icerir (Karami, 2000). Gida maddelerinin sindirimi biiylik 6l¢iide hiicre disinda gerceklesir
ve midede bulunan bezlerden salgilanan enzimler vasitasiyla yapilir. Sindirim sisteminin diger
kisimlart hiicre i¢inde ve sindirim sekumu i¢inde yapilir (Dorit ve ark., 1991).

Sekil 1. Karasal Salyangozunun (Helix lucorum L.) Antenleri ve Morfolojisi, (Kaleibar, Arasbaran,
1500 metre) (Negah Media, 2013).

2. Materyal ve Yontem
2.1. Materyal

Bu ¢alismada kullanilan salyangozlar iran’mn kuzeybatisinda (Karadag, Arasbaran) yer alan
1500 metre yiikseklikteki rutubetli ormanlardan toplanip daha sonra sitogenetik laboratuvarlara
aktarilmustir. Salyangozlarin birkag¢ 6rnegi, tiriiniin tespit edilmesi amaciyla, Tahran Saglik Bilimleri
Universitesi’ne bagli Medical Malacology laboratuvarina gonderilmis ve tiirii tespit edilmistir.

Sitogenetik incelemelerin yapilmasi amaciyla ¢avdar tiirlerinin (TN00022; Secale cereale L.
ve TN00052; S. montanum Guss.) tohumlar1 iran Ulusal Gen Bankas1’ndan temin edilmistir.

2.2. Yontem

Kara salyangozlarindan sitaz enzimi elde etmek ve midenin enzim ve asit salgilamasini
saglamak amaciyla sdzkonusu salyangozlar 48 saat boyunca ag tutulduktan sonra salyangozun govdesi
kabugundan ayrilarak i¢ organlari disar1 ¢ikarilmistir. Midede bulunan maddeler 6zel kap i¢ine alinmig
ve fazla maddeleri enzimden ayirmak i¢in santrifiij islemi uygulanmis, tekrar tiipler i¢cine konularak
sifirm altinda sicaklikta muhafaza edilmistir. iki tiir gavdarm (Secale cereale L. & S. montanum Guss.)
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kromozomlarinin incelenmesi amaciyla tohumlar ilk olarak 1:9 oraninda ¢amasir suyunda 30 dakika
boyunca dezenfekte edilmis ve kok meristemler elde etmek igin 20°C petri filtre kagit iizerinde
¢imlendirilmiglerdir. Cimlenen tohumlardan elde edilen kdk ucu meristemlerin 3 saat boyunca ve 4
santigrat derecede %1 Alfa-bromo-naftalen soliisyonunda 6n islemi yapilmis Lewitsky soliisyonunda
bekletilmislerdir (Agayev ve ark., 2010; Zarifi ve ark., 2006; Zarifi ve Giiloglu, 2016). Daha sonra,
kok uglart 1 Normal NaOH ¢ozeltisinde 60°C 10 dakika boyunca hidroliz edilmisler ve Aceto Iron
Hematoksilin ile 30-32°C 16 saat boyunca boyanmislardir (Dirihan ve ark., 2014; Zarifi ve Giiloglu,
2016). Mikroskobik incelemeler yapmak amaciyla hiicre duvarimi, hiicre ekleri ve organelleri ayirmak
icin boyanmis koklerin meristem uglari cam kaplara konulmus ve istlerine birer damla kara
salyangozunun (Helix lucorum L.) midesinden elde edilen enzimden damlatilmig ve 30°C yarim saat
boyunca tutulmuslardir. Daha sonra mikroskobik ezme preparatlar hazirlanmistir. Elde edilen ezme
preparatlardan uygun metafaz saftasindaki hiicrelerde Zeiss Axiophot mikroskobu kullanilarak
karyotip analizi yapilmistir. Kromozomlarin uzunlugu, Micro Measure 3.3 yazilimi kullanilarak 10
metafaz plakasinda olciilmiistiir (Reeves, 2001) Karyotip verileri SPSS v20 ve Excell 13 (Microsoft
Excell) programlar1 kullanilarak analiz edilmistir. Kromozom tiplerinin isimlendirilmesinde Levan
yoOntemiyle sentromere pozisiyona gore yapilmistir (Levan ve ark., 1964).

3. Sonuclar ve Tartisma
3.1. Cavdar Tiirlerinin Sitogenetigi

Cavdar (Secale spp.) Triticeaec oymaginda, bugdaygil familyasinin (Poaceae (syn. Gramineae))
bir tiyesidir. Secale kii¢iik ama 6nemli bir tahil cinsidir. Kiiltiirii yapilan cavdar (S. cereale L.), ve
cesitli yabani cavdar tiirlerinden olusur, olumsuz iklim kosullarinda dayaniklilig1 ve verimi bugdaydan
daha yiiksek olabilir. Bu nedenle ¢avdar yiiksek rakimlarda, zayif topraklarda ve kislarin siddetli
oldugu bolgelerde temel tahil iiriinii olmustur (Fageria, 1992; Tang ve ark., 2011). Yabani ve yabani ot
cavdar tiirleri, yetistirilen tiirlerin gelisimi i¢in genis bir genetik cesitlilik kaynagi olusturmaktadir
(Meier ve ark., 1996).

Bu calismada, iki 6nemli Cavdar tiirinin (Secale cereale L. ve S. montanum Guss.)
kromozom sayilarim1 ve karyotip Ozelliklerini net bir sekilde belirleyebilmek icin ileri bir teknik
(Aceto-Demir-Hematoksilin boyasi) ve bu yontemle birlikte kara salyangozu mide sivist
kullanilmistir. Her iki Cavdar tiirliniin somatik kromozom sayisi, 14 (2x=2n=14) ve ploidi seviyesi
diploid olarak tespit edilmistir ve diger raporlarla bagdagmaktadir (Riley, 1955; Stutz, 1957; Khush,
1962, 1963; Kranz, 1976; Masoud ve Ali-Jarrahei, 2008).

Somatik kromozom sayilari, kromozom uzunluklari, karyotip formiilleri ve total karyotip
uzunlugu ve asimetri indeksleri (A1, A2) (Zarco, 1986) ya gore belirlenmistir. Secale cereale L. ve S.
montanum Guss. tiirleri icin karyomorfolojik parametreler, metafaz kromozomlar1 ve haploid
idiyogramlar sirasiyla Cizelge 1; Sekil 1 ve Sekil 3de gosterilmistir. Bu tiirlerin kromozomlari iyi
boyanmis ve kromozomlar tek tek taninabilir. Kromozom morfolojisi bakimindan, 13 ve 14 numarah
kromozomlarin (¢ift 7) kisa kollar1 {izerinde iki ¢ift uydu bulunmaktadir (Sekil 1 ve Sekil 3). Bu
uydular diger kromozomlarda, kromozomal isaretleyici olarak kullanilabilir. Tiirler arasinda yapilan
varyans analizi, biitiin kromozomlarin uzunluk 6zelligi ile kisa ve uzun kollarmin boyutunun % 1
diizeyinde anlamli oldugunu gostermistir (Cizelge 1).

Bu iki tiiriin karyogramini hazirladiktan sonra, 6 metafaz plaka kullanarak, kromozomlarm
tiirii Levan ve ark. (1964)’nin kullandig1 yontemle tespit edilmis ve S. montanum Guss. ve S. cereale
L. tiirlerinde en uzun kromozomun uzunlugu sirasiyla 11.85+ 0.06 ve 15.88+ 1.18 mikron olarak ve
kromozom tiirii de metasentrik olarak belirlenmistir. En kisa kromozom tiirii de sirasiyla 9.86+ 0.08 ve
12.64+ 0.61 mikron olarak ve kromozom tiirii de submetasentrik olarak gézlenmistir. Her iki tiirde
toplam yedi ¢ift kromozomdan, satellite olan ve yedinci sirada yer alan bir ¢ift kromozom
submetasentrik olarak belirlenmistir. Diger kromozomlar, S. cereale L. tiirlinde bes metasentrik ve bir
submetasentrik, S. montanum Guss. tiriinde de ise 4 metasentrik ve 2 submetasentrik kromozumdur.
Her iki tiirde de (S. montanum Guss. ve S. cereale L.) kromozomlarin ortalama uzunlugu ve kol orani
ortalamasi esittir. Bu tiirlerin kromozom 6zellikleri 1 ve 2 numarali cetvellerde gosterilmistir.
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3.2. Salyangozdan Elde Edilen Sitaz Enziminin Etkisi

Yiiz yildan az bir siirede, bitkilerin sitogenetigi, tiiriin kromozom sayis1 ve morfolojisinin
tanimindan, molekiiler karyotipleme calismalarina (¢esitli DNA problarinin fiziksel eslemeleri ile
kromozomlarin tanimlanmasi) kadar olduk¢a yol almistir. Bitki sitogenetiginin gelistirilmesinde
onemli bir adim, kromozomlarin boyanmasi ve uygun preparatlarin elde edilmesine yonelik
yontemlerin uygulanmasidir (Zarifi ve Giiloglu, 2016; Zarifi ve Gharesheikhbayat, 2018). Boliinme
halinde olan hiicrelerin i¢indeki organeller, kromozomlarin detayli bir sekilde incelenmesini
engellemektedir. Karyotip incelemesi igin kok hazirligr siireglerinin (6n islem, fiksasyon, hidroliz ve
boyama) higbiri, hiicre i¢i maddeler ve organellerin ortadan kaldirilmasi ve elemine edilmesinde etkili
rol oynamamaktadir. Bu nedenle hiicre iginde fazladan var olan maddeler, kromozomlarin metafaz
sathalarinda uygun ve diizenli dagilimimi da engellemekte ve bu durumda kromozomlar toplu ve
birbirine yapisik bir sekilde goriinmektedir (Kogyigit ve Alp, 2018). Bu sebeplerle kromozomlarin
gercek morfolojilerini gormek miimkiin olmamaktadir.

Arastirmalar, salyangozun sindirim sisteminden elde edilen salginin boyali koklerde
kullanilmasinin, sitoplazmada seffaflik ve netlige, ayrica hiicre boliinme asamasinda kromozomlarin
diizenli bir sekilde dagilmasma neden oldugunu gostermektedir. Salyangozun cevremizde bol
miktarda bulundugu dikkate alinirsa, ¢ok diigiikk maliyetli olan bu yontemle daha kaliteli preparatlar
elde etmek miimkiindiir (Sekil 1).

Bu arastirmadan elde edilen sonuglar, (Chambers, 1955; Myers ve Northcote, 1958; Quinn ve
Rattenbury, 1972) tarafindan yapilan arastirma sonuglarina benzemektedir. Karasal salyangoz Helix
lucorum L.min mide sivisinda ¢ok aktif bir sitaz ve diger enzim karigimi bulunmaktadir. Bu sivi, kok
uclarinin ve diger benzer bitki dokularinin ezme preparatlar i¢in ideal bir yumusatici ortam olusturur.
Tim hiicrelerin tamamen ayrilmasi kolayca saglanirken kromozomlar etkilenmemis ve kolaylikla
sayllmig ve ¢ok agik bir sekilde ayirt edilmistir. Bu siviyr kullanma yontemi agiklanmaktadir; skuas
yonteminde kullanilan standart fiksasyon ve boyalar herhangi biri ile birlikte uygulanabilir.
Salyangozun mide enzimi maserasyonu rutin amagclar i¢in olduk¢a zordur.

Bu ¢aligmanin amac1 yeni bir teknik tanimlamak degil, sitologlarin dikkatini bir¢ok kullanima
sahip olan yeni bir reaktife ¢ekmektir. Bu yontemin {stiin 6zelligi, etkin bi¢cimde sinirsiz giivenlik
marjidir Bu da, tiim hiicrelerin tamamen ayrilmasini etkileyecek sekilde kullanilmasini saglamasidir.
Hazirlanan kromozomlarin kimyasal yapisinin etkilenmemesi ve son derece berrak preparasyonlarin
Ornegin ultraviyole absorpsiyon ¢alismasinda kullanilmasi muhtemel gériinmektedir.

Cizelge 1. Iran'dan cavdar tiirlerin (Secale cereale L. & S. montanum Guss.) somatik kromozomlarin

parametreleri.
Secale cereale L.

CiftNo  Total (L+S)um  Uzun kol(L) pm  Kisa kol (S) um 5;1;333; CI(S*100/(L+S)) Sat Tip L% S% RL%
1 15.88+ 1.18 8.51+0.74 7.37+0.5 1.15+ 0.05 47 m 841 728 1570
2 15.72+ 0.84 10.45+ 0.66 527+032 2+0.14 34 sm 1033 521 1554
3 15.08+0.77 951+ 0.46 5.56+0.36 1.72+0.07 37 sm 940 550 1491
4 14.09+ 0.42 9.86+0.32 424+ 0.1 2.33+0.03 30 sm 975 419 13.93
5 1441 1.09 7.9+0.91 6.51£0.19 121£0.11 46 m 781 643 1424
6 13.35£0.78 7.12+0.48 6.23+0.35 1.14£0.05 47 m 704 616 1320
7 12.64+0.61 7.78+ 0.4 3.63+£0.29 2.16+0.07 29 123 sm  7.69 3.59 1249

Mean _ 14.45+0.36 8.73£0.3 5.54+0.26 1.67+ 0.09
Total (TC)= 101.17 6042 3836
S. montanum Guss.
1 11.85+0.06 6.33£0.09 552+ 0.08 1.15£0.03 47 - m 844 736 15.80
2 11.27+0.20 7.11£0.2 4.16+0.14 1.72+ 0.09 37 - sm 948 555 15.03
3 10.77+0.13 721£0.1 3.56£022 2.05+0.14 33 - sm 961 475 1436
4 10.93+0.13 5.93+0.13 5.00£0.16 1,19+ 0.06 46 - m 791 667 1458
5 10.18+0.22 6.83+0.19 3.35£027 2.09+0.19 33 - sm 911 447 1358
6 10.13£0.18 521+0.15 491%0.05 1.06+ 0.03 49 - m 695 655 1351
7 9.86+ 0.08 5.6+0.11 2.79+0.08 2.01£0.08 28 147 sm 747 372 1315
Mean  10.71+0.14 6.32+0.15 4.18+0.19 1.61% 0.09
Total (TC)=74.99 5897 39.06

L: Kromozom uzun kol uzunlugu (um), S: Kromozomun kisa kol uzunlugu (um), CI: Sentromer indeksi, (m: Metasentrik, sm :
Submetasentrik); Levan ve ark. (1964 )’a gore sentromer tipi, Sat: Satellit, N: Karyotip belirlemede kullanilan mitotik metafaz sayisi, L% ve
S%: Her bir kromozom i¢in her kolun ne oranda oldugunu gosteren indeksler, RL%: Goreli kromozom boylari.
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Sekil 1. A: Secale cereale L., B: S. montanum Guss. (2n=2x=14); kromozomlarin mitotik metafaz da
yayilist ve elde edilmis karyogramlar sagda, Satelitli kromozomlar, sekiller uzerinde oklarla

isaretlenerek gosterilmistir.

Cizelge 2. iran'dan ¢avdar tiirlerin (Secale cereale L. & S. montanum Guss.) karyotip 6zellikleri

Tiirler KF Ortalama(TL) Aralig: TC CI SAT CV% Al A A, DRL TF% SC

i E
2 g ° 8
9 < -
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2 z = 2
: ¥ = o
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5 wE E Vo)
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Karyotip Formiilii (KF), Ortalama Kromozom Uzunlugu (Ortalama (TL)), Satelit Boyu (SAT), Haploid kompleman toplam kromozom boyu
(TC), kromozom uzunlugunun aralig1 (Araligt), A, intrakromozomal asimetri (intrachromosomal asymmetry) indeksi ve A, interkromozomal

asimetri (interchromosomal asymmetry) indeksi (Zarco, 1986), Ortalama Sentromerik indeks (CI), Stebbins kategorileri asimetrisi (SC)

(Stebbins, 1971), Karyotipin toplam formu yiizdesi ( TF%)(Huziwara, 1962), Varyasyon Katsayis1 (CV%), karyotip asimetri indeksi (AI)

(Paszko, 2006; Watanabe, Yahara, Denda, and Kosuge, 1999) ve Nispi kromozom boyunun aralik farki (DRL).
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Sekil 2. Caligilan ¢avdar tiirlerinin haploid ideogrami (Secale cereale L. & S. montanum Guss.) 2n=2x=14, x=7
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Abstract: This study was conducted on the YYU campus area as a field survey,
according to the randomized block experimental design carried out in three
replicated. The yellow and orange marigold species with humic acids (HAO;0 kg
HA dal, HA1;10 kg HA da!, HA2;20 kg HA da!, HA3;40 kg HA da) were
used. At the end of the experiment, the soil samples taken from the field of
study were analyzed organic matter, soil reactions, total salt content, lime
content, nitrogen, phosphorus, potassium, calcium, magnesium, natrium, iron,
manganese, zinc, copper, cadmium, nickel and lead contents. The increased
humic acid applications have influenced pH (P<0.01), lime (P<0.01), organic
matter (P<0.05) with phosphorus (P<0.01), iron (P<0.05), zinc (P<0.05) and
nickel (P<0.01) contents. The effect variety (V) has been determined on the
available of soil iron (P<0.01), zinc (P<0.01), cadmium (P<0.01), nickel
(P<0.01), and lead (P<0.01) contents. The interaction of only affected the nickel
(P<0.01) and zinc (P<0.01) contents. As a result, humic acid applications have
an important and positive effect on many properties of soil.
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Oz: Bu calisma YYU kampiisii deneme alaninda tesadiif bloklari deneme
desenine gore ii¢ tekerriirlii olarak kurulmustur. Denemede test bitkisi olarak
kadife ¢icegi bitkisinin sar1 ve turuncu ¢esitleri ile humik asit (HAO;0 kg HA da
1 HAL;10 kg HA da, HA2;20 kg HA da?, HA3;40 kg HA da) kullanilmistir.
Denemenin sonunda alian toprak orneklerinde organik madde, pH, toplam tuz,
kireg, azot, fosfor, potasyum, kalsiyum, magnezyum, sodyum, demir, mangan,
¢inko, bakir, kadmiyum, nikel ve kursun elementlerinin analizleri yapilmistir.
Artan humik asit uygulamalar1 pH (P<0.01), kire¢ (P<0.01), organik madde
(P<0.05) ile fosfor (P<0.01), demir (P<0.05), ¢inko (P<0.05) ve nikel (P<0.01)
igeriklerine dnemli diizeyde etki etmistir. Cesit uygulamasi topraklarin yarayish
demir (P<0.01), ginko (P<0.01), kadmiyum (P<0.01), nikel (P<0.01) ve kursun
(P<0.01) igerikleri iizerine 6nemli etkide bulunmustur. interaksiyon yalnizca
nikel (P<0.01) ve ¢inko (P<0.01) {izerine etki etmistir. Sonu¢ olarak humik asit
uygulamalari topragin birgok ozelligi iizerine olumlu ve Snemli etkiye sahip
oldugu goriilmiistiir.
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1. Introduction

One of the important problems encountered in the agricultural activities is the decrease of the
organic matter content due to time and the loss of yield in the soil. To prevent this, it is necessary to
use farm manure, herbal waste farming (stubble sowing), green fertilization, compost or similar
organic materials. As a result of the use of such organic fertilizers, microbial activity occurs in soil and
many organic compounds emerge and humic and fulvic acids form their structure (Stevenson, 1982).
Since Leonardite is an oxidized state found in the upper layers of lignite, all lignite deposits in our
country are also a potential source of leonardite. An important source of humic and fulvic acid,
leonardite is another source of organic matter used as a soil regulator in agricultural production (Engin
and Cocen, 2013). Humic acids are widely marketed in solid and liquid form. These products in many
regions of studies of the wheat yield and protein content, sugar beet yield and sugar content of sugar,
corn in the silage yield, lettuce, tomatoes, lentils, walnuts, pistachios, plum and many more products
up to 80% increase in the product is reported (Gezgin, 2019). The presence of very high ion-exchange
capacities and hydrolysis of humic and fulvic acids lead to a large amount of amino acids and organic
acids. Humic and fulvic acid have colloidal properties. It improves the aggregate structure of soils with
these properties (Kitik et al., 2000). Humic acid in addition to recovering the soils physical and
chemical properties (Boyle et al., 1989; Schnitzer, 1992). By applying humic acid on its own or as a
combination with chemical fertilizers to a plant nutrient medium, allows an ideal growth medium to be
produced and reduces the environmental damage caused by chemical fertilizers (Sara et al., 2010; Ali
et al., 2014). In a study by Yilmaz and Alagdz (2005), it was determined that the soil had a significant
effect on aggregate formation and stability by applying humic acid to soils having different textures.
Baran et al. (2002) observed that the applied humic acids significantly reduced potassium fixation in
soils with different clay types. It has been reported that studies with humic acid applications increase
the pH and salt content of the soil (Imbufe et al., 2004; Alagoz et al., 2006; Glimiis and Seker, 2015).
Cacco and Agnolla (1984) reported that humic acid contained large functional groups, like carboxyl,
phenolic hydroxyl, alcohol hydroxyl, and ketones. Humic acids prevent the retrieval of plants,
mercury, cadmium and other harmful and heavy metals that are present in soil (Bozkurt, 2005).
Piccolo (1988), in the study of the effect of humic substances on the usefulness of heavy metals in the
soil in the study of the addition of humic matter in the soil, all metals in soluble and exchangeable
form has been found to effectively immobilize the further propagation of mineral soils. According to
Sénmez and Bozkurt (2006) with their work with humic acid applications of heavy metals from waste
bioavailability can be limited. Naik and Das (2007) reported the highest increase in DTPA-Zn content
with 0.2% humic acid.

In this study, the effects of increased humic acid applications on the soil physical properties,
nutrient element content and heavy metal content of two different marigold (Tagetes erecta L.) grown
soil were investigated.

2. Materials and Methods

This study was conducted on the YYU campus area as a field survey, according to the
randomized block experimental design carried out in three replicated. The yellow and orange tagetes
species were used. In the experiment were used of humic acids four doses (HA0;0 kg HA da, HA;;10
kg HA da?, HA;;20 kg HA da?, HA3;40 kg HA dal) in the commercial name Agrolig (%85 HA).
Parcel dimensions were designed to have dimensions 1.6x2: 3.2 m2. Once the tagetes seedlings that
were to be grown commercially were obtained, they were planted into row spacing and row tops so
that they were in parcels of dimensions 40x40 c¢cm. The experiment was carried out between
10.05.2014 and 21.10.2014.

At the end of the experiment, the soil samples taken from the field of study were tested
organic matter by a modified Walkey Black method (Walkey, 1947) for texture (Bouyoucous, 1951)
soil reaction (Jackson, 1958) total salt content (Richards 1954), lime content (Hizalan and Unal,
1966); while, N content was determined according to the Kjeldahl method (Kacar, 1994) and available
P content was determined by the Sodium bicarbonate (Olsen et al., 1954) method. According to
Thomas (1982), extractable K, Ca, and Na were shaken with 1 N Ammonium acetate and, as also
indicated by Lindsay and Norvel (1978). The available Fe, Mn, Zn, Cu, Ni, Pb and Cd were agitated
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with 0.05M DTPA with a pH of 7.3 (Kacar, 1994). The element content readings of the filtrates were
done by using the ICP-OES tool.

The properties of humic acid used in the experiment were pH 3.75, organic matter content
86.0%, nitrogen, 1.05%, phosphorus, potassium, calcium, magnesium, iron and manganese contents
respectively 4.7 mg kg, 97 mg kg, 3.04%, 0.59% 7800 mg kg* and 180 mg kg™.
At the end of the experiment, the obtained values were analyzed by using the SAS (1988) statistical
program according to the randomized block design. The significant differences between the averages
were subjected to Fisher’s Least Significant Difference (LSD) test.

3. Results

At the end of the study, the f values from the sample soil analysis were represented in Tables
1, while average Duncan results were shown in Tables 2, 3, and 4. As can be observed in the tables
showing F values, humic acid has 0.1% effect on pH, lime, phosphor, zinc, and nickel content, 5%
effect on organic matter content. It was observed that lead and nickel had a significant effect of 0.1%,
while zinc and iron had a significant effect of 1% as sources of species variation (Table 1).
As can be observed in Table 2, with increasing humic acid applications, lime content of soil in the
study area decreased. While lime content was 15.99% in the control group, when 40 kg da humic
acid was added, this content decreased to 13.00%. Similar results were observed for soil pH. While the
control group had an 8.48 pH, after 40 kg da™* humic acid was applied, the pH dropped to 8.21. The
organic material content of the parcels increased with the application of increasing amounts of humic
acid. While the control group had 0.84% organic matter, after the addition of 40 kg da* humic acid,
this increased to 1.29%.

Table 1. F values of the variance analyses physical and chemical the growth media

. pH Salinity Lime O.M.
Variation Source D.F. MS F value MS F value MS F value MS F value
Varieties (V) 1 0.0009 0.011m 34320 197" 0.0267 148" 0.0210 0.33™
Humic acids (HA) 3 0.0964 11.24%* 12795 0.73™ 9.4806  6.47** 0.2138  3.40*
VxHA 3 0.0011 0.13m 52726 2.83" 0.4811 145" 0.0335 0.53M
Error 7 0.0419 3298.3 4.2731 0.1089

_ Phosphorus Potassium Calcium Natrium
Variation Source D.F. MS F value MS F value MS F value MS F value
Varieties (V) 1 1.601 150" 176.04 0.60"™ 2380 0.24ns 2.667 0.02 s
Humic acids (HA) 3 20.540 19.28** 59426  2.03" 20694 2.07m 34778 0.23M
VxHA 3 0.387 0.31m 356.48 122" 15377 1.54 " 14333 0.09M
Error 7 9.198 432.61 9992 21.428

. Iron Manganese Zinc Cupper
Variation Source D.F. MS F value MS F value MS F value MS F value
Varieties (V) 1 0.8626 11.39**  3.010 347" 0.0400 6.61** 0.0150 3.22M
Humic acids (HA) 3 0.2658 3.51* 0.948 1.09 s 0.0420 6.29* 0.0003 0.05M
VxHA 3 0.1082 0.11ms 1.349 1.56 " 0.0278  4.37* 0.0007 0.16M
Error 7 0.2835 1.415 0.0356 0.0026

. Cadmium Nickel Lead
Variation Source D.F. MS F value MS F value MS F value
Varieties (V) 1 5.97x10® 7.73%* 0.0008  16.34**  0.0023  14.99**

Humic acids (HA) 3 6.34x10”7 0.82m 0.0027  55.44**  0.0005 3.32"™
VxHA 3 5.02x1077 0.65 M 0.0007  14.20** 0.0001 0.30"™
Error 7 1.34x107 0.0015 0.0006

*, **: 065, %1, ns: non significant
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Table 2. Effects of humic acid treatments on pH, salinity, lime and organic matter of the of the growth

media.

Treatments pH Salinity Lime Organic Matter
usS cm? %

Humic acids (kg da?)

Control (HAQ) 8.48 a 317 159a 0.84b

10 (HA1) 8.35hb 346 149a 0.99 ab

20 (HA2) 8.23 hc 316 13.7Db 1.02 ab

40 (HA3) 8.21c 315 13.0b 1.29a

LSD* 0.11* 52 1.2 0.32

Varieties

Yellow 8.32 336 14.34 1.06

Orange 8.31 312 14.41 1.01

LSD 0.08 36 0.88 0.24

*: LSD values (P<0.05); a, b, c: Means followed by the same letter within the same column are not statistically different
(Duncan’s test, P<0.05).

Increasing humic acid applications, when compared to the control parcel, resulted in an
increase in useful phosphor and available iron and nickel content. The most increase observed in these
contents were when 40 kg da* humic acid was added for phosphor, 10 kg da™* humic acid was added
for iron, and 20 kg da humic acid added for nickel, and the values were 12.43 mg kg?, 2.23 mg kg*,
and 0.0913 mg kg respectively. The calcium content in the study parcels, with increasing humic acid
applications, firstly increased a little then decreased when compared to the calcium content in the
control group. While the calcium content in the control group was 2287 mg kg2, in the group with 10
kg da? addition of humic acid, this value increased to 2345 mg kg, and the calcium content in the
group with 40 mg da* humic acid added decreased to 2211 mg kg™. However, zinc content decreased
with increasing humic acid applications. While the zinc content in the control group was 0.64 mg kg?,
this amount decreased to 0.46 mg kg™ when 20 and 40 kg da* humic acid were added. With regards to
other elements, increases and decreases in their content were observed, however these were deemed
insignificant changes (Table 3).

Table 3. Effects of humic acid treatments on contents phosphorus, potassium, calcium and natrium of
the growth media.

Phosphorus Potassium Calcium Natrium

Treatments =
mg kg

Humic acids (kg da?)
Control (HAQ) 8.07c 214 2287 ab 56.5
10 (HA1) 10.18 b 230 2345a 58.2
20 (HA2) 11.22 ab 224 2241 ab 53.3
40 (HA3) 12.43a 208 2211b 53.3
LSD* 1.28* 21 123 15.8
Varieties
Yellow 10.73 222 2281 55.0
Orange 10.22 216 2261 55.7
LSD 0.90 15 88 9.1

*:LSD values (P<0.05); a, b: Means followed by the same letter within the same column are not statistically different
(Duncan’s test, P<0.05).

The soil of the tested areas, where the different varieties of the tagetes were grown, showed
significant changes in only usable iron, cadmium, and lead. The samples with the highest
concentrations of useable iron, cadmium, and lead were found in the soils where yellow tagetes
species were grown of which the concentrations were as follows: 2.20 mg kg, 0.00778 mg kg, and
0.1602 mg kg respectively. The study areas where orange tagetes species were grown showed usable
iron, cadmium, and lead concentrations, when compared to the control group, significant ratios of
14.9%, 22.2%, and 13.9% respectively. Other elements did not show statistically significant changes
in their concentrations (Table 4).
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Table 4. Effects of humic acid treatments on contents iron, manganese, zinc, copper, cadmium, nickel,
and lead of the growth media.

Iron Manganese Zinc Copper Cadmium Nickel Lead

Treatments 1
mg kg

Humic acids (kg da?)
Control (HAQ) 1.75b 12.28 0.64a 0.49 0.00756 0.0443 ¢ 0.1589 a
10 (HAL) 197 ab 13.25 051b 0.51 0.00754 0.0846 a 0.1576 a
20 (HA2) 2.25a 12.82 0.46 b 0.49 0.00693 0.0913 a 0.1415b
40 (HA3) 2.06 ab 12.70 0.46 b 0.50 0.00706 0.0660 b 0.1434 ab
LSD* 0.44* 1.20 0.11 0.09 0.00113 0.0121 0.0180
Varieties
Yellow 2.20a 13.12 0.56 a 0.53 0.00778 a 0.0658 b 0.1602 a
Orange 1.82b 12.41 0.48 b 0.48 0.00677 b 0.0773 a 0.1406 b
LSD 0.31 0.82 0.10 0.05 0.00072 0.0190 0.0125

*:L.SD values (P<0.05); a, b, c: Means followed by the same letter within the same column are not statistically different (Duncan’s test,
P<0.05).

The nickel content of experimental area has increased significantly with increased humic acid
applications. Nickel content of 0.0443 mg kg in the control parcel increased to 0.0913 mg kg™ in 20
kg HA application. Soil available lead and cadmium contents of yellow and orange tagetes were
significantly different from each other. Yellow tagetes cultivated soil lead and cadmium contents of
the soil can be taken in the orange tagetes variety of lead and cadmium contents of the soil was
observed to be more. The soil of cadmium and lead contents of the yellow tagetes species were
0.00778 mg kg* and 0.1602 mg kg, respectively. Orange tagetes were 0.00677 mg kg™ and 0.1406
mg kg*. The nickel content of the soil in which the orange tagetes were grown was determined to be
higher than the nickel content of the soil in which the yellow tagetes were grown (Table 4).
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Figure 1. Effect of humic acid applications on the available nickel content of soil, HAO; 0 kg HA da™,
HAZL; 10 kg HA da* HA2; 20 kg HA da, HA3; 40 kg HA da?
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Figure 2. Effect of humic acid applications on the available zinc content of soil, HAO; 0 kg HA da?,
HAL; 10 kg HA da* HA2; 20 kg HA da, HA3; 40 kg HA da*
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4. Discussion and Conclusion

In the field of study where the experiment was conducted, a statistically significant decrease
was observed in pH. Between the control soil parcel and the parcel where 40 kg da* HA was applied,
the observed difference was approximately 3.3%. This effect occurred due to the various functional
groups present in humic acid that neutralizes the pH of the soil (Celik, 2008). Therefore, lime content
can result in a small decrease in the pH of high soil. Hence, with increasing humic acid applications, a
decrease in soil lime content at a significant level was determined. This decrease occurred at 22.3%.
This situation can be explained as the freeing of carbon dioxide (CO;) from calcium carbonate by
humic acid (Larcher, 2003) resulting in carbon dioxide mixing with the water in the soil solution to
form carbonic acid; the carbonic acid then separates into its ions from which the hydrogen ions help
lower the soil pH. With increasing humic acid, the organic matter content of the tested soil increased.
This increase was 53.6 % for the 40 kg da® HA applied group when compared to the control group
(Table 3).

The useable phosphor content in the area of study increased with increasing humic acid
applications. The 40 kg da® HA applied group showed a 54.0 % increase in useable phosphor content
when compared to the control group. This case could not only be the result of humic acid applications
and the resulting decrease in soil pH plus the decrease in lime content, but also be the result of
phosphor-humic compound formations from humic acid and phosphor (Kacar and Katkat, 2008). The
phosphorus in these compounds can, in time, become unbound thus increases the useable phosphor
content in the soil. Likewise, this case could also result from the phosphor present in humic acid.
Similarly, Erdal et al. (2000) and Wang et al. (1995) reported in their study that with increasing humic
acid applications useable phosphorus content in the soil also increased.

At the end of the study, according to the analysis of the results, the extractable calcium
contents in the studied soil showed a certain amount of increase but then decreased to a significant
level with increasing applications of humic acid. While the calcium content in the control was 2287
mg kg?, this content increased to 2345 mg kg* when 10 kg da' HA was applied, after which it
decreased to 2211 mg kg when 40 kg da HA was added. While the decrease was 3.4% compared to
the control group, the increase in calcium content compared to the 10 kg da® HA applied group was
6.1%. This situation most probably resulted from the washing away of calcium in the soil that, due to
the addition of humic acid to increase the solubility of calcium was, therefore, easily carried away
from the root areas. The decrease in calcium content is in accordance with the decrease in lime
content. Kloster and Avena (2015) reported that the addition of a small dose of humic acid resulted in
a little increase in calcium content but that adding a large dose of humic acid decreased the calcium
content.

With the application of humic acid, significant changes were observed in soil Fe, Zn, and Ni
content. With increasing HA applications, useable Fe content in the soil increased when compared to
the control group. While the Fe content was 1.75 mg kg in the control group, this level increased to
2.25 mg kg* when 20 kg da! HA was added and this increase was at 28.9%. A similar case was
observed for useable Ni content in the soil. While the nickel content in the control soil was 0.0443 mg
kg, this amount increased by 106.9% and reached 0.0913 mg kg in the group where 20 kg da* HA
was applied. A significant decrease in nickel content, from the 20 kg da* group, was observed in the
group where 40 kg da* HA was applied. This decrease was of 38.3%. This may be due to the heavy
metal content of the commercially available humic acids. Pekcan et al. (2018) reported that the heavy
metal content of leonardit-derived organic materials sold in the market was above the permissible
limits. This may be due to the fact that the yellow tagetes variety can take lead and cadmium elements
more than the soil according to the orange tagetes variety (Sonmez et al., 2018).

The available zinc content in the soil decreased by 39.1% with increasing HA dose
applications (Table 4). This phenomenon may have occurred due to the functional groups present in
humic acid. These functional groups form complexes with metals (Livens, 1991). Thus, while some
metals become easier for the plant to take-up, some become more difficult (Stevenson, 1994;
Kerndorff and Schnitzer, 1980). In their study, Clement and Bernal (2006) reported that while Cu and
Fe content in soil increased when humic acid was added, Zn and Pb content decreased. Pilanali and
Kaplan (2002) reported that they work with the soil nutrient content of liquid humic acid applications
between the important relationships.

814



YYU TAR BIL DERG (YYU J AGR SCI) 29 (4): 809-816
Sonmez ve Alp / The Effects of Applications Humic Acids on Macronutrient, Micronutrient, Heavy Metal and Soil Properties

The pH of the medium has a significant effect on the formation of metal-organic
complexcompounds between humic acid and metals. With an increase in soil pH, the strength of bond
formation between humic acid and metals also changes (Liu and Gonzales, 1999). This phenomenon
was explained by the changes that occur in humic acid structure when the pH of the soil alters
(Engebretson and Von Wandruszka, 1998).

As a result, humic acid applications of soil, pH, lime, organic matter, phosphorus, calcium,
iron, zinc, and nickel contents have a positive and significant effect. It has been observed that there are
differentiated effects on soil properties in different varieties of the same plant.
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widespread, gaining extremely popularity along with various nanotechnology
research programs and engineering applications, attracting the attention of
researchers. The use of nanomaterials in agriculture is called “‘under explorer”’.
Nanomaterials with their superior characteristics, what order of agricultural
applications can create a positive contribution is a matter of wonder. Working
with this hypothesis includes current research in terms of the availability of
various nanomaterials as fertilizers and growth regulators. The review paper is
important for the researchers concerned in the application of nanomaterials in
agriculture at a level that may be an important data source and point of action.

1. Giris

Gelisen Diinyada, 2000’1i yillarin baslarinda 35’ten fazla iilkenin nanoteknoloji aragtirma
programlar1 ve miithendislik uygulamalarinda nanomalzemelerin kullanilmasiyla "Nano-era", adiyla
bilinen yeni bir akim ortaya c¢ikmistir (Roco, 2003). Bu akim giderek yayginlasmis hatta
nanomalzemelerin tarimda kullanilabilecegi 6ngoriisiiyle arastirmacilar bu alanda gesitli ¢caligmalara
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baglamislardir. Boyutu 100 nm’nin altinda olan maddeler nano madde olarak adlandirilmus, iiretim,
isleme tagima, paketleme ve tarimsal {iriinlerin tasinmasi konusunda kullanilabilecegi goriilmiistiir
(Scott and Chen, 2003; Wiesner et al., 2006). Bitki gelisim {izerine farkli nanopartikiillerin etkisi Sekil
1’ de verilmistir. Nanomalzemeler tarimda giibre uygulamalarinda 6nemli bir yer edinerek, bitkiyi yavas
yavas kontrollii bir bigimde besleyebilecegi Sohrab et al. (2016) tarafindan bildirilmistir. Nano-gubreler,
kimyasal giibrelerin neden oldugu toprak kirliliginden dogan ¢evresel risk etmenlerini azaltarak bitki ve
dogaya olumlu bir etkide bulunabilir (Naderi et al., 2011). En biiyiik avantajlarindan biri de diger
giibrelere gore daha az miktarda kullanilmasidir (Selivanov and Zorin, 2001; Reynolds, 2002; Raikova
et al., 2006; Batsmanova et al., 2013; Subramanian et al., 2015).
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Sekil 1. Cesitli nanomateryallerin tarimda kullanilmasi ve bitki gelisimine farkli diizeylerdeki etkileri
(Mukherjee ve ark., 2015).

Nano-giibreler konusunda yapilan pek ¢ok calismada sahip olduklar1 genis yiizey alanlarinin
yant sira bitkilerin yaprak ve kok gozenek boyutlarindan daha kiiclik boyutlara sahip olduklarindan
temas ettikleri ylizeyden bitkiye gegisleri, besinlerin alimini daha kolay hale getirerek kullanim
etkinligini arttirdiklar belirtilmistir (Sing ve ark., 2017). Nano-giibrelerin, bitkinin yasam periyodu
boyunca gelisime olumlu katki saglamasina yardimci olmalarinin temelinde bitki metabolizmasinda
yarattiZ1 olumlu etkilerin, enzimsel ve hormonal diizeyde etki mekanizmasi ile degisken ve siddetli
atmosferik kosullara, biyotik-abiyotik strese ve hastaliklara karsi direngli hale gelebildigi 6ne
stirilmiistir (Mukherjee ve ark., 2015). Toprakta nanopartikiil uygulamalariyla elverisli ve yeterli
miktarda mikro element igerigi bulunabilir, bdylece bitkilerin patojenlere kars1 direnci de artabilir. Fakat
baz1 faktorler toprakta bulunan besin elementlerinin bitkiler tarafindan alimi tizerinde olumsuz etki
yaparak smirlandirir. Alkalin topraklarda mikro besin elementlerinin bitki tarafindan alinabilirligi
azalmaktadir. Ornegin; toprak pH’s1 baziklestikge topraklarda ¢inko, mangan ve demir biyo yarayishilig
azalmaktadir. Bu elementlerin alimlart kdkler tarafindan smirlandirilarak bitki enfeksiyona agik hale
gelmis olur (Giines ve ark., 2007; Servin ve ark., 2015).

Nano-giibrelerin boyutlarinin kiigiik olmasi, mineralin stomalardan kolaylikla gegmesine yol
acarak bitkinin minerallerden kolayca faydalanmasini saglarlar (Liu ve Lal, 2016; Sing ve ark., 2017).
Boylelikle uygulanmig giibrelerden maksimum verim alinabilecegi Liu and Lal, 2016 tarafindan
bildirilmistir. Nano-giibrelerin geleneksel giibrelere gore, bir¢ok avantajalar1 vardir (Liu ve Lal, 2016;
Sing ve ark., 2017; Daghan, 2017, Ahmad, 2019). Bu avantajlarin bazilari; giibreyi ¢ok az miktarda
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kullanarak en diisiik maliyetle en yiiksek verimin alinabilecek olmasi, halihazirda olan besinin bitkide
kullanim verimliligini arttirmasi, giibre kullanim etkinliginin arttirilmasi, siirekli giibre kullanilmasinin
Ontline gecilmesi, bitkiler i¢in yararli olan besinlerin kayiplarim azaltarak c¢evre iizerine olasi olumsuz
etkilerinin minimize edecek olmasi, toprak muhtemel olusacak toksisite riskini azaltilip, toprak
verimliliginin ve Uriin kalitesinin arttirilmasi olarak siralanabilir. Nano-giibreler bitkinin yetisme
periyodu boyunca saglikli olarak gelisme ve biiylimesini imkan saglayarak {iriin verimi ve besin degerini
arttirirlar. Boylelikle saglikli olan bitki hastaliklara ve olumsuz ¢evre kosullarina kars1 daha fazla direng
kazanmasi agisindan nano-giibreler 6nemlidir (Daghan, 2017).

Nano-giibrelerin pek cok iistiin 6zelliklerine ragmen bazi olumsuz etkileri de bulunmaktadir.
Nano boyuttaki partikiiller sagliga ve ¢evreye karst bazi riskler barindirmaktadir. Nano-malzemelerle
ilgili yapilan ilk ¢alismalarda, insanlar iizerinde toksik etkilere neden oldugunu gostermistir.
Nanopartikiiller insan viicuduna girerek tiim hayati organlara ulasip dokularda zararlara neden
olabilmektedir (Daghan, 2017). Literatur bilgisine gore nano-gubrelerin toksik etkilere de sahip
olduklari, ekosistem i¢in 6nemli problemlerin olusmasinda etken ve olusturduklar1 ¢evre sorunlarinin
onariminin oldukea gii¢ oldugu bildirilmistir (Daghan, 2017).

Bu derleme ¢aligmasinin amaci; tuz stresinden kaynaklanan bitkisel iiriin kaybinin nanopartikiiler
c¢inko ve mikrobiyal sentez formiilasyonu kullanilarak biyoteknolojik yontemlerle azaltilmas1 yoniinde
giibre formiilasyonlarinin olusturulmasidir. Boylelikle, muhtemelen {iretici mikrobiyal giibre ve nano-
giibre ad1 altinda pahali giibreleri ayr1 ayr1 almak yerine olusturulacak giibre formiilasyonunun tek bir
iirlin olarak kullanilabilirligi denemelerle arastirilmistir.

1.1.Bazi1 Nanopartikiillerin Bitkiler Tarafindan Alim Formlar

Nanopartikiiller (NP), bitki besin elementlerini su ii¢ yoldan biriyle bitkiye iletirler; 1) Besin
elementi, nano-tlpler veya nano gozenekli malzemeler gibi nanomalzemeler igine kapsillenebilir, 2)
ince bir koruyucu polimer film ile kaplanir veya 3) nano Olgekli boyutlardaki partikiiller veya
emilsiyonlar halinde bitkiye tasmirlar (Nair et al.,, 2010). Nano-giibre formiilasyonlarindaki
nanopartikiiller’in boyutlari, hiicre duvart gozeneklerinden kiigiikse, direkt bitki hiicrelerine girmesi
miimkiindiir. Ancak NP’lerin daha ileri asamalar1 hiicre zari, besin maddelerinin sitoplazma ile
etkilesimleri incelemenin otesinde ve NP tasinim mekanizmasi ¢ok karmasiktir (Nair et al. 2010).
Bununla birlikte, besin elementleri su/toprak ¢ozeltisinde nanoparcacik ¢oziilmesi yoluyla bitki kokii
sistemi tarafindan absorplanmaktadir. Bagka bir deyisle, NP’ler suda ¢6ziiliir ve besin maddelerini
¢Oziinmiis iyonlar halinde serbest birakir (Denklem 1-3). Bitkiler ayrim gézetmeden besleyici ¢oziinmiis
iyonlar1 konveksiyonel giibrelerden alabilir. Ancak, su/toprak ¢ozeltisindeki NP’lerin ¢oziinme hiz1 ve
kapsamu, yiiksek spesifik ylizey alanlar1 ve boyutlart ilgili kat1 ylizeylerden daha yiiksek olmasindan
dolay1 konveksiyonel giibrelere gére daha etkin bir isleve sahip olabilirler (Ma et al., 2010; Nair et al.,
2010; Lin et al., 2008;).

1.2. Nanopartikiiler Makro Besin Elementi iceren Giibrelerle Yapilan Cahsmalar
1.2.1. Nanopartikuler fosfor (P) iceren gibreler

Liu and Lal (2014) yaptig1 calismada 16 nm boyutlarinda yeni bir hidroksiapatit tiiri
(Cas(PO4)3sOH) NP’ler sentezleyerek sera denemesi ve atil bityiime ortaminda NP’lerin %50 perlit ve
%50 turba yosunu ortaminda yetistirilen soya fasulyesi {izerindeki giibreleme etkisini
degerlendirmislerdir. Calisma sonucunda elde edilen veriler (Ca(H2PQ.)2) NP’lerin uygulanmasinin
biliylime oranini ve tohum gelisimini sirasiyla %33 ve %20 oranlarinda arttirdiginm tespit edilmistir.
Biyokiitle iiretimi, yeriistii aksam i¢in sirasiyla %18 ve yeralt1 aksamlar ig¢in %41 oraninda artirtlmistir.
Veriler, soya fasulyesinin koklerinin hidroksiapatit NP’leri etkin bir fosfor besin kaynagi olarak
emebilecegini ve saglikli biiyimeyi ve yliksek verim saglayabilecegini gostermistir. Ayni zamanda
fosfora ek olarak, NP’ler bitkilere besin Ca da saglayabilecegi tesbit edilmistir. Apatit NP’leri yeni bir
P sinifi giibre olarak kullanmak, tarimsal verimliligi potansiyel olarak artirabilecegi, NP’ler sayesinde
fosforun mobilizasyonunun geleneksel fosforlu giibrelere gore azalmasiyla Gtrifikasyon riskini
engelleyebilecegi ortaya konmustur. Ornegin, apatit NP’ler yiiklii POs*-, HPO4?-, H,PO*- veya Ca,*
iyonlarina kiyasla zemin bilesenleri ile ¢ok daha zayif etkilesime sahiptir. Bu nedenle, NP’lerin 6nemli
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bir kismi1 koklerin emilmesi i¢in toprak ¢ozeltisinde kalir. Geleneksel fosforlu giibreler ise NP’lere gore
yikli fosfat iyonlarin ¢ogu toprak pargaciklari tarafindan absorbe edildigi igin bitkiler tarafindan alim1
azalir (Liu ve Lal 2014). Buna ek olarak, apatit NP’ler ¢oziinebilir fosfat iyonlarina gore daha az
biyolojik olarak bulunabilir ve 6trofikasyon agisindan diisiik riskler olusturabilir. Apatit NP’lerin, toprak
parcaciklariyla olan etkilesimleri, toprak gézeneklerindeki taginim, alglerin biyo-yararliliklar ve tarla
kosullarinda iiriin tepkisi iizerine diger diizenli fosfor giibrelerine kiyasla bu potansiyel yararlarim teyit
etmek icin ek aragtirmalara ihtiya¢ duyulmaktadir.

1.2.2. Nanopartikiler kalsiyum (Ca) iceren gubreler

Liu ve ark. (2005) tarafindan Hoagland ¢6zeltisi ile kumda 80 giin boyunca yetistirilen fistik
fidelerine Ca besin maddesi olarak CaCOs; NP’leri (20-80 nm, 160 mg Ca L) olacak sekilde
uygulayarak, Ca-NP’lerin fide biiylimesini kontrol’e kiyasla oOnemli o6lgiide gelistirdigini
gozlemlemislerdir. Ca kaynagi olarak kullanilan Ca-NP’leri kok gelisimini sirasiyla %3.04 ve %1.58
arttirdigi gézlemlenmistir.

Liu ve ark. (2005) aym zamanda Ca-NP’ler ve humik asitlerin (1.000 mg L) birlikte
uygulanmasinin fistik fidelerinde maksimum biiylimeyi sagladigini bildirmislerdir. Bu ¢alisma Ca-
NP’lerin tarla bitkileri i¢in Ca igerigi agisindan biiyiik bir potansiyeli oldugunu gostermistir.

1.2.3. Nanopartilkiiler magnezyum (Mg) igceren giibreler

Delfani ve ark. (2014) bezelyede Mg-NP ve Fe-NP eriyiklerinin yapraktan uygulanmasini test
etmisler ve 0.5 g Mg-NP ve Fe-NP L kombinasyonunun 1.000 tane agirhia %7 oraninda agirlik artist
saglayarak, klasik Fe ve Mg uygulamalarindan yiiksek oldugunu goézlemlemislerdir. S6z konusu
calismada bu iki elementin yapraktan uygulanmasinin bitkinin fotosentez miktarini arttirdig
gozlenmistir. Fakat Mg-NP uygulamasi yalniz bagina verimliligi kontrole gore %6 oraninda
diistirmiistiir. Ancak, arastirmacilar Mg NP’lerin uygulanmasinin bitki saplar1 ve yapraklarinda diizenli
Mg tuzu kullanimiyla karsilastirildiginda Mg alimini gelistirdigini ve Mg-NP’lerin daha yuksek
kullanilabilirlik ve hareketliligini gosterdigini gbzlemlemislerdir.

1.3. Nanopartikuler Mikrobesin Elementli Nano-Giibrelerle Yapilan Calismalar

Genellikle bitki beslenmesinde rol alan énemli mikro besin maddeleri, demir (Fe), ¢inko (Zn),
mangan (Mn), bakir (Cu), bor (B), klor (Cl) ve molibden (Mo)’dir. Mikro besin elementleri makro besin
maddeleri (N, P, K, Ca, Mg ve S) ile karsilastirildiginda, Hoagland ¢6zeltisinin bilesiminde gosterildigi
gibi, bitki ve diger bitkilerin saglikli bir sekilde biiyiimesi i¢in daha az miktarda mikro besin maddesi
gereklidir (Hoagland ve Arnon 1950). Ancak bitkiye yarayiglilik konusunda mikrobesin elementlerinin
yarayisliligimi azaltan durumlar (kaba tekstiir, alkalilik, diisiik organik madde vb.) vardir. Bu kotii
durumlara karst mikrobesinlerle nano-giibreleme bu besinlerin biyolojik olarak kullanilabilirligini
arttirir.

Mikrobesinler, cogunlukla N, P ve K igerikli giibrelerin etkin alimi i¢in diisiik oranlarda ¢6ziinebilir
tuzlar olarak ilave edilir. Bu kompozit giibrelerde bulunan mikro besinler genellikle yeterli besin saglar
ve cevresel riskleri az etkiler. Mikro besin maddesi igeren NP’lerin, mikrobesinli nano-giibreleme
konusunda aragtirma ve gelistirme yapmak icin bazi temel bilgiler besin maddelerinin bitki gelisimini
artirabilecegi 6ngoriilmektedir (Mahajan ve ark., 2011).

1.3.1. Nanopartikiler demir (Fe) iceren gubreler

Ghafariyan ve ark. (2013) tarafindan yapilan bir sera denemesinde, siiper paramanyetik Fe-
NP’lerin diisiik konsantrasyonlarinin bile hidrofobik kosullar altinda, soya fasulyesi yapraklarindaki
klorofil igerigini 6nemli Slgiide arttirdigini bildirmislerdir. Boylelikle Fe-NP’lerin soya fasulyesinde
demir kaynagi olarak kullanilabilir ve demir eksikliginin klorotik belirtilerini azaltabilecegi
gosterilmistir. Fe-NP’lerin 45 mg L konsantrasyonundaki kullanma etkisi Fe-EDTA nim ayn1 dozdaki
kullanim etkisinin bitkiye yaptig1 etkilerinin benzer oldugu goézlenmistir. Delfani ve ark. (2014),
bezelyede yaptiklari ¢alismada 500 mg Fe-NP’ler L™nin yapraktan uygulamasinin, bitki basina bakla
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sayisini (%47 oraninda), 1.000 tane agirliginda (%7 oraninda), Fe igerigini (%34 oraninda) ve klorofil
icerigini (%10 oraninda) ise kontrole gore arttirdigini tespit etmislerdir. Fe-NP’lerin uygulanmasi ile
elde edilen {irlin performansi, Fe tuzu ile elde edilen iiriin performansindan daha fazla olmustur. Fe-NP
muamelesi altinda olan bitkilerde sirastyla %28, %4, %45 ve %12 artmigtir.

1.3.2. Nanopartikiiller Cinko (Zn) iceren Giibreler

ZnO-NP’ler yillardir endiistride en ¢ok kullanilan metal oksit nanopartikiillerinden biridir.
Boylece, Zn-NP’lerin bitkiler ve diger organizmalar {izerindeki etkileri yogun olarak incelenmektedir.
Mahajan ve ark. (2011) tarafindan bitki agar yontemini kullanarak, ZnO-NP’lerin diisiik
konsantrasyonlarda fasulye ve nohut fidelerinin biiylimesini arttirdigini gézlemlemislerdir. Fasulye
fidelerinin kokleri i¢in en iyi biiyiime tepkisi (uzunlukta %42 veya %41 artis, biyokiitlede %98, %76),
kontrol grubunda 20 mg L' konsantrasyonunda gozlenmistir. Nohut fideleri i¢in 1 mg L*
konsantrasyonunda, kokte (%53) biyokutlede (%37) ve surgunde uzunluk (%6) oraninda 6nemli
artislara neden olmustur. Bununla birlikte, kok ve siirgilinlerin biiylime hizlarindaki diisiis, bu optimal
konsantrasyonlarin 6tesinde gézlenmistir.

Zhao ve ark. (2013) tarafindan yapilan bir sera ¢aligmasinda, bir toprak karigimina 400 ve 800
mg ZnO-NP kg uygulanmasinin salatalik biyokiitlesini arttirdig1 bildirilmistir. Sonuglar, meyvelerin
kuru agirliginin, kontrol grubuna kiyasla sadece %6 ve %8 oraninda artmasina ragmen, bitki kokii kuru
kdtlesinin kontrol grubuna gore 1,1 ve 1,5 kat daha yiiksek oldugunu ortaya koymustur. Hasat edilmis
salatalik meyvelerinde, ZnO-NP’lerin uygulanmasi da, nisasta igerigini (1.1-1.6 kat), glutelin (0.9-2 kat)
ve Zn’yi (1.7-2.5 kat) arttirdigin bildirmislerdir (Zhao ve ark., 2013). Lin ve Xing (2007), 2 mg ZnO-
NP L uygulanmasmin gimlendirilmis turp tohumlarimin kék uzamasini kontrole gore arttirdigim
bildirilmiglerdir. Optimum konsantrasyonlarda Zn-NP’lerin kullanilmas1 bu fideler iizerinde onleyici
veya toksik etkilere sahiptir. Bununla birlikte, bu raporlarin hepsinde ZnO-NP’lerin ciddi fitotoksisitesi,
400 ile 2000 mg L arasindaki yiiksek NP-Zn konsantrasyonlarinda oldugu anlasilmistir (Lee ve ark.,
2010; Lin ve Xing, 2007; Lopez-Moreno ve ark., 2010; Zhao ve ark., 2014).

1.3.3. Nanopartikiler manganez (Mn) iceren guibreler

Pradhan ve ark..(2013), metalik Mn-NP’lerin piyasada bulunan MnSQO, tuzundan daha iyi bir
mikrobesin elementi oldugunu bildirmislerdir. Ayn1 arastirmacilar Mn-NP’lerin fasulye blyimesini ve
fotosentez oranim arttirdigini gézlemlemislerdir. Diger bir calismada fasulye fideleri, biiyiitme odalar
icinde Hoagland ¢ozeltisiyle birlikte perlit ortaminda 15 giin inkiibe edilmistir. Litrede 0.05 mg Mn-
NP’lerin uygulanmasi ile kontrole kiyasla kok uzunlugu (%52), siirgiin uzunlugu (%38), koklenme
sayisi (%71) ve maksimum biiylime artig1 saglanmigtir. Taze biyokiitle ve kuru biyokiitle de MnSO4
tuzu ile muamele edilen fideler ile karsilastirildiginda, bu parametreler sirasiyla %2, %10, %28, %8 ve
%100 Mn-NP’lerin kullanimi ile arttinilmustir. ilging bir sekilde MnSOs uygulamasi, 1 mg L*
konsantrasyonunda bitki blylmesi Uzerinde inhibe edici bir etki sergilerken, Mn-NP’lerin
uygulanmasiyla bu seviyede hala pozitif bir etki seyrettigini bildirmistir. Bitkiler, saglikli bir biiytime
icin toprak ¢ozeltisinde genellikle 0.5 mg Mn L* konsantrasyonuna ihtiyag duyarlar.

1.3.4. Nanopartikiiler bakir (Cu) iceren giibreler

Bir tir su otunda (Elodea densa) kullanan 3 giinliikk inkiibasyon g¢alismasi sonucunda, Cu-
NP’lerin diisiik konsantrasyonlarinin (0.25 mg Cu L) bitki fotosentez hizin1 kontrol grubuna kiyasla
%35 oraninda arttirdigini gostermistir (Nekrasova ve ark., 2011). Shah ve Belozerova (2009), metalik
NP-Cu (130 ve 600 mg kg?) ile degistirilen topragin, 15 giinliik marul fide biiyiimesini, sirastyla %40
ve %91 oraninda dnemli dl¢iide arttirdigini bildirmistir. Ancak, yiiksek konsantrasyonlarda (200-1.000
mg L) metalik NP-Cu, fasulye, bugday (Triticum aestivum) ve sar1 kabagin (Cucurbita pepo
subspecies) fide gelisimi tizerine toksik etkileri gézlemlenmistir (Lee ve ark., 2008; Musante ve White,
2012). Stampoulis ve ark. (2009), 1.000 mg metalik Cu-NP L uygulamasiin, kabaklarin biyolojik
kiitlesini Hoagland ¢ozeltisinde 14 giin siireyle uyguladiktan sonra, kontrole gore %90 diisiirdiiglinii
bildirmistir. Bununla birlikte, bitki biiyiimesi igin optimal sulu Cu konsantrasyonu sadece 0.02 mg L™
olup, yiiksek Cu seviyelerinde fitoksisite ortaya ¢ikabilecegi bildirilmistir.
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1.3.5. Nanopartikiler molibden (Mo) iceren gubreler

Batsmanova ve ark. (2014) tarafindan nohutta molibden mikrobesin kaynag: olarak Mo-NP’ler
¢ozeltisi kullanilmasini esas alan bir ¢alisma yapilmistir. Tinli topraklarda nohut tohumlar1 ekiminden
once dort grup (su, Mo-NP’ler, azot bakterileriyle mikrobiyal inkiibasyon ve mikroorganizmalarin bir
kombinasyonu) olusturulmustur. Ortalama 1-2 saat olacak sekilde ayri ayr1 inkiibasyona tabi tutmustur.
Nohut rizosferinin kapsamli bir mikrobiyolojik testi yapilarak, dordiincii uygulamanin ‘agronomik
acidan degerli” mikroorganizmalarla hemen hemen tiim gruplarin gelismesini kontrole gore iki ile (ig
kat arttirdiginm1 gostermistir. Bu sonuglar ayn1 zamanda bitki bagina kok sayis1 ve nodiil kiitlesinin kontrol
grubu i¢in 20 kat ve 8 kat fazla oldugu gézlenmistir.

Nohutta yapilan bir galismada Mo-NP uygulanmasinin nohudun gelisim parametreleri tizerine direkt
faydalar1 gézlemlenmistir. Ornegin, bu uygulamayla bitki basina nodiillerin sayis1 ve kiitlesi sirastyla
kontrollerden 10 ve 6 kat daha fazla olmustur. Ayrica, kontrol ile karsilagtirildiginda, 10 mg L gibi
konsantrasyona sahip tuim Mo-NP uygulamalari, nohutta bir antioksidan enzimin aktivitesini 2-3 kez,
bitki patojenlerine direncin arttiginin bir géstergesi olmustur. Bu nedenle, Mo-NP’lerin tek basina veya
mikrobiyal tedavi ile birlikte uygulanmasi, baklagilin ve diger {irlin tiirlerinin performansini, verimini
ve hastalik direncini artirabilir. Normal metabolizma i¢in bitkiler genellikle toprak ¢6zeltisinde 0.01 mg
Mo L* konsantrasyonuna ihtiya¢ duyarlar (Batsmanova ve ark., 2014).

1.4.Nanomalzemelerle Giiclendirilmis Giibreler

NM ile gii¢lendirilmis giibreler, bitki besin maddeleri ile zenginlestirildiginde, besin maddelerinin
bitki alim etkinligini artirabilecek ve/veya geleneksel giibre uygulamasinin olumsuz etkilerini
azaltabilecek olan nanomalzemeler olarak tanimlanir. Bu NM’ler hedeflenen besin maddelerini igererek
bitkiye ulagmasini saglar. Bu tipin en 6nemli 6rnegi, besin artirici-zeolitlerdir.

1.4.1. Nano yapih zeolit materyali

Zeolit pargaciklar1 genellikle nano 6l¢eklerde goriilmez. Fakat zeolitlerin SiOs ve AlO.
tetrahedranin 3 boyutlu ¢ergevesinde Al ve Si’nin diizenlenmesi, nanometre (0.3-10 nm ¢ap) igindeki
kanallar ve bosluklarin olusmasina neden olur (Ming ve Allen, 2001). Bu nedenle, zeolitler, nano-yapili
materyallerdir. Benzersiz nano gézenekli 6zelliklerinden dolayi, zeolitler genellikle ¢ok yuksek spesifik
yiizey alam, yiiksek katyon degisim kapasitesine sahiptirler ve bitki makro besin maddeleri (K* ve NH™)
yoniinden oldukea segicidirler. Bu temel elementler zeolit degisim ylizeyleri boyunca degistirilebilir,
boylelikle bitki yetistirme i¢in besin maddeleri yavas yavas serbest birakilabilir. Bu nedenle bu
besinlerin yeralti suyuna taginmasi ve ¢evre kirliligi riskleri azaltilir. Dahasi, gaz halindeki azotun (NHs,
N2 veya N2O) buharlasmasi da azaltilabilir, ¢ilinkii adsorbe olan N, toprak mikroorganizmalar ile
amonifikasyon siireci i¢in kullanilamaz. Zeolitlerin bitki besin maddeleri ile yliklenmesi yeni bir kavram
degildir ve 1970’lerden beri yogun bir sekilde incelenmistir (Ming ve Allen, 2001).

Fakat besinlerce zenginlestirilmis zeolit giibreler bir¢ok laboratuvar ve tarla drnegi iizerinden
test edilmis ve kanitlanmis nadir nanomalzemedir. Simdiye kadar zeolitler, azot kullanim verimliligini
artirmak, besin kayiplarin1 azaltmak ve g¢evresel riskleri azaltmak i¢in halen ideal bir alt-tabaka
halindedir. ilgilenen okuyucular igin bazi besin artirrmli zeolit giibrelerinin tarimda kullanilmasinin
yararlarin1 gosteren bazi saha calismalart Ming ve Allen (2001) tarafindan detayli bir sekilde
yapilmaktadir. Azot kullanimi1 verimliligi, (NH4).SQ4 ile uygulanan topraklarin %30-76’sina kiyasla, 42
glinltik bitki buylmesinden sonra NHs-zeolit ile degistirilmis topraklarda %72-95 arasinda degismistir.
MacKown ve Tucker (1985) tarafindan yapilan ¢aligmada, 30 ton h? NH4 ile degistirilmis zeolit
acisindan zengin tiif kullanildiginda, nitrifikasyon oranlarinin bir tinli kumda %11, siltli kil tininda %4
oraninda azaldigini bildirmistir. Azaltilmis nitrifikasyon oranlari, zeolitin NH'4’in tutulmast ve
dolayisiyla  NH'4’in  nitrifikasyona  ugramig  bakteriler  tarafindan  doniistiiriilmesinden
kaynaklanmaktadir. Malekian ve ark.. (2011) NOsz-N sizmti suyu ve musir gelisimine zeolit
degisikliginin etkilerini incelemek igin lizimetrik deneyler uygulayarak, 60 kg’lik bir degisikligin,
kontrol igin 18 kg’lik ha’den 13.8 kg’lik bir ha*’e kadar %22 oraminda azot sizintisim1 azalttigim
bildirmistir. Buna ek olarak, hububat verimi (5.907 kg ha™) ve kuru yiik (10,361 kg hat), kontrole gore
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sirastyla %4.9 ve %10.3 artmistir (5.631 ve 9.393 kg ha). Ayrica, zeolit uygulamasi ile iiriiniin
beslenme etkinligi %77.4’ten %85.8 e yiikselmis olduguna dikkat ¢ekmislerdir.

1.4.2. Dogal olarak bazi besin elementlerini tasiyic1 nanopartikiiller

Bazi laboratuvar deneylerinde, NP’lerin (silis, Fe oksitler, C kapli demir ve polimerler vb.) bitki
dokularma/hiicrelere girebilecegi ve doku/hiicrelerde DNA ve kimyasallarin taginmasina rol
oynayabilecegi belirtilmistir (Ghafariyan ve ark., 2013; Liu ve ark., 2002). Bu tiir ¢alismalar, bu
NP’lerin bitki besleme konusunda yeni bir teknik olarak kullanilabilecegini, bitkilere besin maddeleri
verebilecegi hipotezini gelistirmistir. Bununla birlikte, bu yaklagimin, giibre kullaniminin etkinligini
arttiran ya da cevresel bozulma risklerini azaltmak ic¢in kullanilan geleneksel yontemlere gore
avantajlarinin kanitlanmas icin kesin bir kanit bulunmamaktadir. Ornegin, bitkiler dogal olarak kok
sistemleri yoluyla toprak c¢ozeltilerinden ¢oziiniir besin maddelerini (N, P ve K gibi) emebildiginden
biiytimelerini arttirmak i¢in bitki dokularma besin ytkli NP’leri enjekte etmek gerekli olabilir. Bu asal
NP’ler araciliiyla bitkilere yeni besin madde aktarma yaklagiminin arastirilmasini ve uygulanmasini
desteklemek i¢in daha kuvvetli ve 6zel ¢calismalar gerekmektedir (Ming ve Allen, 2001).

1.5. Bitki Gelisimini Tesvik Edici Diger Nanopartikiiller

Diger bazi nanopartikiil tiirlerinin bitki gelisimine olumlu etki yapan 6nemli besin elementlerini
icermemesine ragmen, bitki biiylimesini bir dereceye kadar gelistirebilecegini gosteren birkag rapor
bulunmaktadir. Bu ¢alismalarin bazilar1 TiO. nanopartikiller (Ti-NP’leri) ve karbon nanotipler
(CNT’ler)’dir (Yang ve ark., 2007).

1.6. Nanopartikiiler Titanyum Dioksit iceren Giibreler

Bitkilere mutlak gerekli veya bazi bitkilere yararli besin elementleri arasinda titanyum yoktur. Diger
bir ifade ile titanyum bitki beslemede olmazsa olmaz bir besin maddesi degildir. Cogu toprakta
genellikle %0,1-%0,9 arasinda degisen yiiksek Ti seviyeleri ve toprak ¢ozeltisinde ortalama 0,03 mg Ti
L bulunur (Kabata-Pendias ve Pendias, 1984). Ancak, Ti-NP uygulamasinin (giines 1s1§ma maruz
kalma tzerine) bitki-fotosentezinin etkinligini artirabilecegini; bitki-enzim aktivitesini arttirabilecegi ve
havada N2’nin kimyasal olarak fiksasyonu ile bitkilere daha fazla N besin saglayan bitki buyumesini
dolayli olarak arttirabilecegine iliskin bulgular vardir (Yang ve ark., 2007; Gao ve ark., 2008; Su ve
ark., 2009).

Ornegin, Yang ve ark. (2007) 1spanak (Spinacia oleracea) tohumlarini 2.5 g Ti-NP L™ soliisyonunda
2 giin siireyle 1slatmiglar ve bunlari inert bir biiylime ortaminda ekmislerdir. Cozelti, daha sonra
¢imlendirilmis fidanlar lizerinde 35 giin boyunca haftada bir kez bir serada yapraklara piiskiirtiilm{istiir.
Sonuglar, bitkilerin taze ve kuru agirliklarinin, kontrollere oranla (TiO. olmadan veya toplu TiO>
muamelesi ile) yaklasik 2 kat fazla oldugunu gostermistir. Yapraklardaki toplam N, klorofil ve protein
igerikleri sirasiyla %23, %34 ve %13 artig gostermistir.

Gao ve ark. (2008) tarafindan yapilan caligmalarda da benzer sonuglar gozlemlenmistir.
Uygulamalar on kat daha diisiik 0.3 g Ti-NP L™ konsantrasyonunda gerceklestirilmistir. Song ve ark.
(2012), 7 guinluk bir stirede 0.5 g L™ Ti-NP’lerin fasulye (Lemna minor)’nin uzamasin 2,5 kattan fazla
ve taze agirligi da 2 kat arttirdigini bildirmislerdir. Benzer sekilde diisiik konsantrasyonlarda bir SiO>
ve TiO; NP’ler karisimi, soya fasulyesinin rizosferinde nitrat rediiktaz aktivitesini arttirdigi ve
dolayisiyla soya fasulyesinin ¢imlenmesi ve biiyliimesini hizlandirdiginmi bildirmislerdir (Lu ve ark.,
2002). TiO2-NP, mordtesi 151n altinda etkili bir foto-katalizor olup, organik bilesiklerin ayrigsmasi ve
giines enerjisi kullanilarak bir yakit olarak H» Uretimi de dahil olmak Uzere, fotokatalitik uygulamalar
icin kapsamli olarak incelenmistir (Gupta ve Tripathi, 2011). Uygun konsantrasyonlarda Ti-NP’lerin
yapraktan uygulanmasiin, bitki fotosentezinin ve ilgili fizyolojik etkinliklerini arttirarak bitki
biiytimesini tesvik edebilecegi ortaya konmustur. Bununla birlikte, bitki biiylimesinin iyilestirilmesinde
Ti-NP’lerin saf kimyasal reaksiyonlarinin (foto-kataliz) bitkinin biyokimyasal siiregleri ile nasil
koordine oldugunu veya olmadigini gosteren ayrintili ¢alismalar veya kanitlara ihtiya¢ vardir. Tohum
cimlenmesi tizerine de Ti-NP’lerin negatif etkileri bildirilmistir (Castiglione ve ark., 2011).
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1.7. Nanopartikiiler Boyutta Kapsiillenmis Karbon Materyalleri (CNT)

Yapilan bazi c¢aligmalarda diisiik dozlarda CNT’lerin tohum ¢imlenmesi ve bitki biiylimesini
uyarabilecegi belirtilmistir. Lin ve Xing (2007), 2 g L? olacak sekilde ¢ok katmanli CNT’lerin
uygulamasinin misirin ¢imlendirilmis tohumlariin 5 giinliik inkiibasyonu ile kok uzunlugunu kontrole
kiyasla arttirdigini bildirmislerdir. Ancak, turp, marul veya salatalik tohumlarinda hic¢bir olumlu sonug
alinmazken benzer sekilde, ¢cimlenmis sogan (Allium cepa) ve hiyar (Cucumis sativus) tohumlarinin kok
buytmesi, 48 saatlik bir inktinasyon stiresince 0.16, 0.9 ve 5 g L'’ de (Canas ve ark., 2008) tek duvarlh
CNT’lere maruz birakilmasi sonucu arttirdigi gézlemlenmistir. Bununla birlikte, ayni kosullar altinda,
CNT’ler lahana tohumlar1 (Brassica oleracea) veya havug (Daucus sativus) Uzerinde 6nemsiz etkilere
sahipken ¢imlendirilmis domates tohumlarinin kok gelisimini engelledigi bildirilmistir. Daha yakin
zamanlarda, her iki tip CNT’nin de tohum ¢imlenme yiizdesini arttirdigi domates, soya fasulyesi ve
misirin fide bilylimesini arttirdigini bildirmislerdir (Khodakovskaya ve ark., 2013; Lahiani ve ark., 2013;
Villagarcia ve ark., 2012). Ornegin, Khodakovskaya ve ark. (2013) tarafindan yapilan bir ¢alismada,
suya ve aktif karbon uygulamasina karsilik gelen kontrollere tabi tutulanlarin her ikisine kiyasla, 50 mg
Lt CNT’lerin uygulanmasmi domates verimini iki kat arttirdigim bildirmislerdir. Yazarlar, domates
bitkilerinde su kanal proteinlerinin ekspresyonunu ve bitylimesini hizlandirmak (Hodakovskaya ve ark.,
2013; Villagarcia ve ark., 2012), dolayisiyla bitki su alimini ve kullanim verimliligini arttirmak igin,
CNT kullanilmasmi 6nermislerdir. CNT’lerin bitkiler {izerindeki biiylime uyarict islev gdrmesi
konusunda 6nemli ve umut verici bir yaklagim oldugu bildirilmistir. Bu CNT'lerin soya fasulyesi ve
misir gibi dnemli bazi tarla bitkilerinin verimleri tizerindeki etkilerini incelemek icin daha fazla alan
arastirmasi yapilmasi gerekmektedir (Khodakovskaya ve ark., 2013).

Genel olarak bakacak olursak, bitkilerde tek duvarli karbon nanotiipler (SWCNT ler) ve ¢cok duvarlt
karbon nanotiipler (MWCNT ’ler) bitkinin ¢esitli fizyoloji ve biyokimyasim etkiler. Tek duvarli karbon
nanottpleri (SWCNT ’ler), kok gelisimini bitkinin tiirine bagimli olacak bir sekilde etkiler (Canas ve
ark., 2008). Khodakovskaya ve ark. (2013) tarafindan yapilan bir arastirmada, karbon bazli tiim
nanopartikiillerin, bitki genlerinin ekspresyon diizeyini potansiyel olarak degistirebilecegine isaret
etmistir. Ornegin, SWCNT ler domateslerde stres tepkilerine katilan genlerin ekspresyonunu etkiler, bu
da bitki gelisimini kontrol etmek i¢in kontrol edilebilir bir 6zelliktir (Lahiani ve ark., 2015). Karbon
tabanli NM’ler tarafindan indiiklenen misir (Zea mays) hiicre duvar matrisinde katyonik degisim
biyokimyasal degisiklikler gibi bazi iyonlarda redoks modifikasyonlarini etkiler (Tiwari ve ark., 2014).

1.8. Nanopartikiiler Besin Elementlerinin Bitki Biinyesine Alinim1 ve Kullanim Alanlari

Bitki sistemlerinde nanopartikiiler olmayan besin elementleri gibi, NP’lerin alinmas1 ve taginmasi
icin de iki dogrulanmis yol vardir: kokten yaprak-meyvelere veya yapraktan-koklere dogru taginmadir
(Ma ve ark., 2015a). Sekil 2°de gosterildigi gibi, bir taraftan, kokten yaprak-meyve yoluna yapilan
calismalar, hidrofonik (Hernandez-Viezcas ve ark., 2016) ya da toprak kiiltirt (Rico ve ark., 2015a)
yontemleri yoluyla gergeklestirilir ve bildirilen NP’lerin translokasyonu fideler (Servin ve ark., 2012)
veya olgun yumrulardan baglar (Ghodake ve ark., 2011). Yapilan bazi ¢alismalarda, NP’lerin apoplastik
yollarla kdkiin endodermisi tarafindan absorbe edilebilecegini ve daha sonra simplastik yollarla vaskiiler
silindire transfer edilebilecegini gostermektedir (Zhao ve ark., 2012b).

NP’lerin bitki kokiinden, yapraga veya meyveye yer degistirmesi, ksilem veya filoem yoluyla
olusabilir (Hernandez-Viezcas ve ark., 2013; Servin ve ark., 2013; Zhao ve ark., 2014). Ote yandan,
yapraktan koke dogru olan yollar, NP’lerin stoma yoluyla niifuz etmesini veya NP’lerin sikigmasini
kapsar ve saplara yeniden dagilir (Hong ve ark., 2014; Larue ve ark.,, 2014). NP’lerin bitkiye aliminda,
her iki yolda aragtirmacilar tarafindan fizyolojik parametreler (¢imlenme orani, uzama ve su igerigi gibi),
antioksidan aktiviteleri (enzimler, H,O; seviyesi ve lipid peroksidasyonu gibi), tarimsal parametreleri
mikro-makro element degerleri, gida kalitesi ve fotosentetik parametreler (klorofil igerigi, kloroplast
say1s1 ve fotosentetik oran gibi) olarak degerlendirilmis ve farkliklar gozlemlenmistir.
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Sekil 2. Farkli ortam ve uygulamalarin nanopartikiillerin tasinimi konusunda bitkinin fiziksel ve
biyokimyasal icerikleri tizerine etkisi (Zhao ve ark., 2012b).

NP’lerin bitki dokularindaki birikimi hakkinda, iletim elektron mikroskopisi (TEM) (Du ve ark.,
2011), taramali elektron mikroskopisi-SEM (Bandyopadhyay ve ark., 2015), konfokal mikroskobi
(Xanes) yakininda X-1s1m1 emilimi(Hernandez-Viezcas ve ark., 2012b), iki foton uyarim mikroskobu
(Wild ve Jones, 2009), mX-1sin1 fliloresansi (Servin ve ark., 2013) ve uzatilmis X-151n1 emme ince yapist
(Lv ve ark., 2015) ve diger teknikler kullanilarak bilgiler vermislerdir.

Sekil 3’ de goriildiigii gibi sonuglar, ZnO-NP’ler topraktaki inkibasyondan bir saatlik periyot
boyunca nano-formda tespit edilmemistir. Nano-ZnO ve nano-CuO nano-partikillerinin formunu
muhafaza etmek yerine ¢Ozlniir tuzlara biyotransformasyon yaptigini gostermistir. Boriilce (Vigna
unguiculata) (Wang ve ark., 2013a), bugday (Triticum aestivum) soya fasulyesi (Glisin max)
(Hernandez-Viezcas ve ark., 2013) ve musir (Zea mays) dokulart ile (Lv ve ark., 2015) benzer bir etki
gbzlemlenmistir.

Bitkilerle temas halinde olan nanopartikiiller Sekil 4’deki gibi kok epidermisinin hiicre duvarina
ve hiicre zarina niifuz eder. Bitki vaskiiler demetine (ksilem) girmek i¢in karmasik bir olaylar dizisiyle
stelize yapraklara translokasyon yapmak iizere simplastige gecer. Bununla birlikte, bozulmamis hiicre
zarin1 gecmek icin NP, hiicre zarindaki gézeneklerle hareket eder ve bu da, nanomateryalin aliniminin
boyuta 6zel oldugunu goésterir (Ma ve ark., 2010a, 2010b; Rico ve ark., 2011). NP’ler stele ulasmadan
once endodermis apoplasti yoluyla pasif olarak entegre edilir .
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Sekil 3. S. tabernaemontani kok yiizeyindeki ZnO NP’ler, Zn?* iyon birikiminin SEM goruntileri (A)
kontrol; (B) 1.000 mg Zn?" L ve (C) 1.000 mg ZnO NP’ler L'* (Bandyopadhyay ve ark.,
2015).

Ksilem, nanopartikiillerin dagilimi ve translokasyonunda en onemli aragtir. NP’lerin alimm
mekanizmasi, genel olarak, sinyal verme, geri doniisiim ve plazma zarinin regiilasyonu gibi birkag
hiicresel islemi iceren bir aktif aktarim mekanizmasi olarak diisiiniiliir. Bircok calismada, bitki hiicre
duvarinin yalnizca secilen nano parcgaciklarin gézeneklerden gegmesini kolaylastiran yar1 gecirgen bir
bariyer gibi davrandig1 gozlenmistir (Lin ve ark., 2009a-2009b; Chen ve ark., 2003). Nanopartiktliin
hiicre igine girisi, hiicre siispansiyonu ortaminda farklilagir. Burada, vakuoldaki endositoz, plazma
zarindan olusan vesikiiller yoluyla apoplast yoluyla olur (Chen ve ark., 2003). Ornegin, yonca
(Medicago sativa) hicrelerinde, nanopartikillerin (CdSe/zZnS) birikimi, 6zellikle sitoplazmada ve
¢ekirdekte meydana gelir. Tohumda, nanopartikiiller sivi soliisyonun kotiledona difiizyonuna yardimci
olan parenkimal hiicreler aras1 bosluklardan gegebilir (Van Dongen ve ark., 2003; Lee ve ark., 2010;
Ma ve ark., 2010a,b). Lee ve ark. (2010), SiO.NP’lerin ve Al,O;NP’lerin Fare Kulagi Teresi’nin
(Arabidinopsis thalian) ¢imlenmesini ve biiyiimesini etkilemedigini, ZnONP’lerin ¢imlenmesini
engelledigini One siirmiislerdir. Cekirdekte, nanoparcaciklarin girigini diizenleyen baska bir yapi
akuaporin varlig1 gozlemlenmistir (Khodakovskaya ve ark., 2009). Hidroelektrik iletkenlik farki, hiicre
duvart gézenek boyutu vb. gibi bitki tirleri arasindaki cesitli fiziko-kimyasal degisimler,
nanoparcaciklarin taginmasi ve birikimine etki edebilir. Son zamanlarda, molekiil/iyon toplama ve
translokasyon kinetiginin anlasilmasinda ¢ok ilerleme kaydedilmis ve tretilen NP’lerin bu toplama,
translokasyon ve aglomerasyon kinetigini izlemek i¢in genisletilebilmistir. NM’lerin alimmin ve
translokasyonunun sekil, boyut ve kompozisyona bagl oldugu goriilmektedir.
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Sekil 4. Kokleri vasitasiyla nanopartikiillerin bitki biinyesine alim siiresince olusan akis semasi (Ma ve
ark., 2010a).

1.9. Farkh Dozlarda Uygulanan Nanomateryallerin Bitkiler Uzerinde Kritik Toksik Etkileri

Raliya ve ark. (2015), ZnO (<50 nm) nanopartikillerini domates bitkisine 10, 100, 250, 500, 750,
1.000 mg L™ olacak sekilde topraktan uygulama yapmislar, 66 giin siiren deneme sonucunda 750 mg L~
Lye kadar olan dozlarda ¢imlenme, kok gelisimi ve toprak iistii aksamlarinin gelisiminin kontrole gore
arttigim gozlemlemislerdir. Fakat 1.000 mg L™’ de kok gelisimi, ¢gimlenme ve toprak iistii aksamlarin
gelisiminin kontrole gore olumsuz etkilendigini bildirmislerdir.

Mukherjee ve ark. (2014), ZnO (<10 nm) nanopartikillerini 125, 250, 500 mg L? olacak sekilde
yesil bezelyeye topraktan uygulayarak 25 giinliik siire sonucunda 500 mg L™ uygulamasimin klorofil
icerigini %77 oraninda azalttigin1 gozlemlemislerdir.

Lee ve ark. (2013a), ZnO (<50 nm) ve CuO nanopartikiilleri karigimini 50, 500, 2.000, 4.000 mg L~
! olacak sekilde karabugday koklerine uygulamis, 7 giinliik siire sonucunda 2.000 ve 4.000 mg L*!
uygulamasinin kok uzunlugunu ve biyokiitlesini azalttigini gézlemlemislerdir.

Servin ve ark. (2013), TiO, (< 27 nm) nanopartikilleri 250, 500, 750 mg L* olacak sekilde bibere
topraktan uygulamiglar ve 90 giinliik siirede CAT aktivitesinin arttigini, 500 mg L™ uygulamasmin APX
aktivitesini azalttigin1 gdzlemlemistir.

2. Sonug ve Oneriler

Bitkiler i¢in Oneme sahip olan bitki besin elementlerinin bitkilerce alinim formlarinin
nanomateryal seklinde uygulanmasi ile bitkinin ihtiyaci olan besin elementlerinden maksimum diizeyde
istifade edebilecegi ongdriilmektedir. Nanomalzemelerin genis spesifik ylizey alanlar sayesinde toprak
kolloidleri tarafindan tutunma potansiyelleri artarak, yikanip uzaklasma riskinin de diisiiriilecegi
ongoriilmektedir. En 6nemli faktorlerden biri de konvansiyonel giibrelerin maliyeti ve asir1 dozda
uygulanmasi ¢evresel risk potansiyeli olusturmaktadir. Fakat nanomateryallerin bu giibrelere gore daha
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diisiik miktarda kullanimlar1 ile hem maliyetlerin diismesine hem de risk etmenlerinin minimize
edilmesine neden olacaktir. Nanomalzemeler igerisine kapsiillenmis elementler bitkiye direk kayba
maruz kalmadan ulasacaktir.

Tiim bu bilgilerin 15181inda glinlimiiz teknolojisinden faydalanarak dogru ve ilkeli modelleri
tarima entegre etmek biz bilim insanlarinin en biiyiik sorumlulugudur. Bu derleme makale heniiz bakir
olan bu alanda calismak isteyen ve ¢aligmig olan bilim insanlarina 151k tutacak ve diisiince altyapisi
olusturacak potansiyele sahiptir.
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