jotaf

Journal of Tekirdag
Agricultural Faculty

Tekirdag Ziraat Fakdiltesi Dergisi

Issue: 3

Volume: 18
2021

ISSN: 1302-7050
e-ISSN: 2146-5894



] Journal of Tekirdag
o a Agricultural Faculty
Tekirdag Ziraat Fakiltesi Dergisi

ISSN:1302-7050  e-ISSN:2146-5894

Cilt / Volume 18 Sayi / Issue 3 Eyliil / September 2021
Owner (On Behalf of Faculty) Sezen ARAT
Tekirdag Namik Kemal University
Editor-in-Chef Fulya TAN
Tekirdag Namik Kemal University
Editorial Management Ersen OKUR, Tekirdag Namik Kemal University
Eray ONLER, Tekirdag Namik Kemal University
Section Editors Adnan ORAK, Tekirdag Namik Kemal University

Fatih KONUKCU, Tekirdag Namik Kemal University

Aydin ADILOGLU, Tekirdag Namik Kemal University

H. Ersin SAMLI, Tekirdag Namik Kemal University

Giilen OZDEMIR, Tekirdag Namik Kemal University

Sureyya ALTINTAS, Tekirdag Namik Kemal University

Fulya OZDiL, Tekirdag Namik Kemal University

A. Stikrii DEMIRCI, Tekirdag Namik Kemal University

Nihal KILIC, Tekirdag Namik Kemal University

M. Recai DURGUT, Tekirdag Namik Kemal University
Editorial Adviser Board Ayse GUL, Ege University

Jim HANCOCK, Michigan State University

Nasser MAHNA, University of Tabriz

Bryan M. JENKIS, California University

Peter KISS, Szent Istvan University

Ali ihsan ACAR, Ankara University

Hristo I. BELOEV, Ruse University

Necdet DAGDELEN, Adnan Menderes University

Unal KIZIL, Canakkale Onsekiz Mart University

Manzoor QADIR, United Nations University

Mohammad T. SATTARI, University of Tabriz

Erol BAYHAN, Dicle University

Mammadova TURANE, Azerbaijan State Agrarian University

Mammadova AYTEKIN, Azerbaijan State Agricultural University

Gamze SANER, Ege University

Mariana IVANOVA, Agribusiness and Rural Development University

Alberto POMPO, El Colegio de la Frontera Norte

Eugenia BEZIRTZOGLOU, Thrace University

Muhammet ARICI, Yildiz Teknik University

Atilla YETISEMIYEN, Ankara University

Nermina SPAHO, Sarajevo University

Tugrul GIRAY, Puerto Rico University

Mehdi RAHIMI, Graduate University of Advanced Technology

M.Rlsti KARAMAN, Afyon Kocatepe University

Josef GORRES, Vermont University

Christina YANCHEVA, Agriculture University

Cafer Sirri SEVIMAY, Ankara University

Abdurrahim Tanju GOKSOY, Bursa Uludag University

Nurettin TAHSIN, Agriculture University

Janos PAUK, Szent Istvan University

Ramazan DOGAN, Bursa Uludag University

Gursel DELLAL,Ankara University

Horia GROSU, Agr. Sciences and Veterinary Medicine University

Tirker SAVAS, Canakkale Onsekiz Mart University

Ignacy MISZTAL, Breeding and Genetics University

Zlatko JANJECIC, Zagreb University

Language Editor Petru GOLBAN, Tekirdag Namik Kemal University
Statistics Editor Yahya Tuncay TUNA, Tekirdag Namik Kemal University
jotaf

Address: Journal of Tekirdag Agricultural Faculty/ Tekirdag Ziraat Fakiiltesi Dergisi, Tekirdag Namik Kemal University, Agricultural Faculty
59030, Degirmenalti — Tekirdag / TURKEY



Journal of Tekirdag "N

ct a f Agricultural Faculty @
Tekirdag Ziraat Fakiltesi Dergisi %,‘1;@

ISSN:1302-7050  e-ISSN:2146-5894

Yayin Tarihi / Publication Date Eyliil 2021 / September 2021

Yayinci/Publisher Tekirdag Namik Kemal Universitesi, Ziraat Fakiiltesi

Tekirdag Namik Kemal University, Faculty of Agriculture

Yayin Tiirii/Type of Publication Uluslararasi Stireli Yayin/International Periodical
Yayin Dili/Type of Language Tirkce ve ingilizce /Turkish and English
Yayin Periyodu/Publishing Period Dort ayda bir Ocak, Mayis ve Eylil aylarinda yayimlanir

Triannual (January, May & September)

Tarandigi indeksler/Indexed by ESCI
TR DiZIN
ULAKBIM-Ulusal Akademik Ag ve Bilgi Merkezi)
SCOPUS
AGRIS/CARIS (FAO-AGRIS veri tabani)

CABI

EBSCO

ProQuest
iletisim/Correspondence Tekirdag Namik Kemal Universitesi, Ziraat Fakiiltesi
Telefon +90 282 250 20 00/22 70
Web http://jotaf.nku.edu.tr

(jotaf-en.nku.edu.tr)
dergipark.org.tr/tr/pub/jotaf
(dergipark.org.tr/en/pub/jotaf)
Elektronik posta/E-mail ziraatdergi@nku.edu.tr
ftan@nku.edu.tr

Journal of Tekirdag Agricultural Faculty, Tekirdag Namik Kemal Universitesi Ziraat Fakiiltesi’ nin ulusal, uluslararasi ve hakemli dergisidir.
Yayimlanan makalelerin sorumlulugu yazarina/yazarlarina aittir.

Journal of Tekirdag Agricultural Faculty is the official peer-reviewed, international journal of Tekirdag Namik Kemal University Agricultural
Faculty. Authors bear responsibility for the content of their published articles.

jotaf

Address: Journal of Tekirdag Agricultural Faculty/ Tekirdag Ziraat Fakiiltesi Dergisi, Tekirdag Namik Kemal University, Agricultural Faculty
59030, Degirmenalti — Tekirdag / TURKEY



] Journal of Tekirdag
o a Agricultural Faculty
Tekirdag Ziraat Fakiltesi Dergisi

ISSN:1302-7050  e-ISSN:2146-5894

icindekiler / Contents

Arastirma Makaleleri / Research Articles

Investigating The GMO Existence in Chips and Breakfast Cereals Marketed in Turkey ..........ccccocveveieneeccnnecccnnnnee 375-385
Sebnem MUTLU, Osman SIMSEK, Omer OKSUZ

Tiirkiye’de Pamuk Uretimi Ile Fiyat: Arasindaki [liskinin Koyck Yaklagimi fle Analizi ..........cooovveevverrerernrrinrininnen. 386-399
Seymur AGAZADE

Long-term Water Productivity of Maize (Zea mays L.) From Limited Irrigation Conditions under Moderate

Semi-arid ENVITONIMENL ......c.ccoviiiiiiriieieiireiciireteerntetei sttt ettt a bt sa et sa b e st s nesenne 400-410
Abolfazl NASSERI

Identification of Virus Causes of Mosaic Diseases in Zucchini Plants in the Bali Island of Indonesia............cc.cccceenneee. 411-418

N1 Putu PANDAWANI, I Ketut WIDNYANA

The Effect of Building Orientation on Utilization of Solar Energy in Dairy Cattle Barns ..........ccccoceovineinenninencnnens 419-427
Hatice DELICE, Erkan YASLIOGLU

Morphological Characterization of Some Hybrid Red Head Cabbage (Brassica oleracea L.var. capitata subvar. rubra)
VATIELIES ..ot 428-435
Mehtap OZBAKIR OZER, Hayati KAR, Senay MURAT DOGRU, Nur KOBAL BEKAR

Tiiketicilerin Fast Food Tiiketim Sikligint Etkileyen Faktorlerin Analizi..........cococoveeiienieineneinieineeeeceeceeeeine 436-445
Hasan Burak AGIR, Cuma AKBAY

Empirical Modelling of Global Solar Radiation in Hatay (Turkey) Province...........ccccvvueeinveecnnecinniecenneccnenenes 446-456
Recep KULCU, Rabia ERSAN

Prediction of Photovoltaic Panel Power Outputs Using Time Series and Artificial Neural Network Methods ............... 457-469

Aylin DUMAN ALTAN, Bahar DIKEN, Birol KAYISOGLU

Tiiketicilerin Siit ve Siit Urtinleri TrCIRIETNIN ANAIZE «..o.o.veeveeeeeeeeee oottt ettt et ee et eeeeeeeeeeeeeeseeeeeseeeeeseeeeeeeeen 470-481
Sait ENGINDENIZ, Turgay TASKIN, Awo Abdoulaye GBADAMONSI, Aysar Shihab AHMED,
Alpha SALOUM CISSE, Ahmed Fathy SEIOUDY, Cagrit KANDEMIR, Nedim KOSUM

Yar1 Kurak Bélge Kosullarinda Zeytin Bitkisinin Yetistigi Toprakta Karbondioksit Emisyonunun Olgiilmesi ............. 482-493
Erdal SAKIN, Korkmaz BELLITURK, Ahmet CELIK

Soya Bitkisinin Verim Parametreleri ile Bazi Kimyasal Toprak Ozellikleri Arasindaki Pedotransfer Modellerin
UYGUIANADIIIITISE -ttt ettt bbbttt b e st e e et et e st s s et e b et e st st et ebe st eneeteneenenan 494-507
Nalan KARS, Imanverdi EKBERLI

Kisimtili Sulama Kosullarinda Yetistirilen Kivircik Marulda Bitki Kok Bolgesindeki Tuzluluk Birikimi ..........c......... 508-520
Harun KAMAN, Halil DEMIR, ilker SONMEZ, Ersin POLAT, Salahudin Saed MOHAMOUD, Zafer UCOK

Mikroorganizmalarin Biiyiime Egrilerini Tanimlamak I¢in Excel Tabanli, Kullanic1 Dostu, Ucretsiz Bir Arag:
OKBUZ GROFIT ...veovenieeianeiaeiseessesae s sesses s ssse s ss s e840 581084ttt 521-532
Hasan Basri OKSUZ, Sencer BUZRUL

Yield and Water Use of Eggplant (Solanum melongena L.) Under Different Irrigation Regimes and Fertilizers............ 533-544
Mahmud ALI, Cafer GENCOGLAN, Serpil GENCOGLAN , Ali Beyhan UCAK

Investigating of Some Agricultural and Quality Traits of Advanced Barley (Hordeum vulgare L.) Lines ..................... 545-556
Ali Cevat SONMEZ

jotaf

Address: Journal of Tekirdag Agricultural Faculty/ Tekirdag Ziraat Fakiiltesi Dergisi, Tekirdag Namik Kemal University, Agricultural Faculty

59030, Degirmenalti — Tekirdag / TURKEY



] Journal of Tekirdag
e a Agricultural Faculty
Tekirdag Ziraat Fakiltesi Dergisi

ISSN:1302-7050  e-ISSN:2146-5894

icindekiler / Contents

Arastirma Makaleleri / Research Articles

Development of Quality Characteristics of Pasta Enriched with Lupin (Lupinus albus L.) Flour and Resistant

STATCH TYPE 4 -ttt ettt ettt e a e ekt e st et et e bt e E e st ek et e st et e m e e bt e e st e b en e e b et ene b et e bt et et b et st abene 557-568
Elif YAVER, Nermin BILGICLI

Ceviz Bakteriyel Yaniklik Etmeni Xanthomonas arboricola pv. juglandis’e Kars1 Antagonist Bakteriyel
izolatlarin in vitro Kosullarda Biyokontrol Etkinliklerinin Belirlenmesi.............cco.evurveeveeierieienessriesssssssseesssssseessensens 569-577
Bilgen YORUK, Mustafa MIRIK

The Effects of Feeding Frequencies on The Growth Performance and Life Rate in Electric Yellow Fish Fry
(LADIAOCRIOMIS CACTUIGUS) ..o s 578-585
Cemal POLAT, Cetin YAGCILAR

Orta Karadeniz Bélgesinde Kirsal Alanlar icin Keten Bir Sans Mi? Karlilik Analizi ve Yapilabilirligi
Esin HAZNECI, Sahane Funda ARSLANOGLU

.......................... 586-598

jotaf

Address: Journal of Tekirdag Agricultural Faculty/ Tekirdag Ziraat Fakiiltesi Dergisi, Tekirdag Namik Kemal University, Agricultural Faculty
59030, Degirmenalti — Tekirdag / TURKEY



Journal of Tekirdag Agricultural Faculty EylilSeptember 2021, 18(3)

8]
. . . . . L. Bagvuru/Received: 13/01/20
J Tekirdag Ziraat Fakultesi Dergisi Kabul/Accepted: 29/04/21

DOI: 10.33462/jotaf.670008

http://dergipark.gov.tr/jotaf
http://jotaf.nku.edu.tr/

ARASTIRMA MAKALESI RESEARCH ARTICLE

Investigating The GMO Existence in Chips and Breakfast Cereals Marketed in Turkey
Tirkiye'de Satilan Cips ve Gevreklerde GDO Varliginin Arastirilmasi

Sebnem MUTLU!, Osman SIMSEK?, Omer OKSUZ?
Abstract

In this research, processed or low processed samples containing corn or corn products (corn semolina, flour, etc.)
and soybean were randomly collected from the market, and 25 products in total (chips, nuts, cereals, flour) were
analyzed for genetic modification using DNA based detection method, the polymerase chain reaction. First,
homogenization of the samples was performed. Then DNA isolation was done by using Cetyl Trimethyl
Ammonium Bromide (CTAB) and Roche High Pure DNA Isolation Kit. Since the Roche High Pure DNA Isolation
Kit gave better results, the analysis was completed with this method. After DNA isolation, the detection of the
Lectin gene, Zein gene, CaMV 35S Promoter and NOS Terminator regions was performed by conventional PCR.
Zein gene determination was done for searching and proving corn presence and similarly, Lectin gene
determination was done for searching and proving soybean presence in the samples by conventional PCR.
GMO3/GMO4 and Zein3/Zein4 primer pairs were used for Lectin and Zein gene determination, respectively. The
amplification of DNA was observed in agarose gel electrophoresis. Lectin or Zein genes were detected in 17
samples while these genes were not detected in 8 samples. Samples, in which Lectin or Zein gene was detected
were scanned for 35S promoter or NOS terminator. 35S-3/35S-6 and tNOS2F/tNOS2R primer pairs were used for
scanning 35S Promoter and NOS Terminator, respectively. To observe possible contamination in the mix sterilized
deionized water was used and 0% Bt-11 and 0% GTS 40-3-2 were used as a negative control, 5% Bt-11 and 10%
GTS-40-3-2 were used as a positive control. All of the 25 samples did not provide enough DNA with the required
quality. This result was considered to be sourced by the applications (frying, extruding, pressing etc.) that samples
had been exposed to during processes. Neither 35S Promotor nor NOS Terminator was determined from any of
the samples.

Keywords: GMO, Convantional PCR, Lectin, Zein, 35S Promotor, NOS Terminator
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Oz

Bu ¢alismada piyasada satilan misir ya da misir iiriinleri (misir irmigi, misir unu vb.) veya soya igeren islenmis
veya yarl islenmis tlriinler rastgele segilerek toplamda 25 adet iiriinde (cips, ¢erez, gevrek, kuruyemis kaplamasi,
un) GDO varligt DNA temelli bir tespit metodu olan konvansiyonel Polimeraz Zincir Reaksiyonu (PCR) ile
arastirllmistir. Bu amacla homojenize edilen 6rneklerde CTAB (Cetyl Trimethyl Ammonium Bromide) yontemi
ve Roche High Pure DNA Isolation Kit ile DNA izole edilerek ¢ogaltilmasi denenmistir. DNA Isolation Kit
kullanilarak DNA izole edilmesi yontemi daha basarili oldugundan islemler bu yontemle tamamlanmistir. DNA
izolasyonunun ardindan Lektin geni, Zein geni, 35S Promotdr ve NOS Terminatdr bdlgelerinin tespiti
konvansiyonel PCR ile yapilmistir. Zein geni tespiti Orneklerdeki misir varligini, Lektin geni tespiti ise
orneklerdeki soya varligini arastirmak ve kanitlamak amaciyla yapilmistir. Zein ve Lektin genleri tespiti igin
sirastyla GMO3/GMO4 ve Zein3/Zein4 primer ¢iftleri kullanilmigtir. Elde edilen DNA’larin amplifikasyonundan
sonra DNA agaroz jel elektroforezi ile gozlemlenmistir. Agaroz jel elektroforezi sonucu alinan goriintiilerde 17
ornekte Lektin ya da Zein geni tespit edilirken 8 6rnekte bu genler tespit edilememistir. Lektin ya da Zein geni
tespit edilen iiriinlerin 35S Promotér ve NOS Terminatdr taramasi i¢in ¢alisilmaya devam edilmistir. Bunun i¢in
sirastyla  35S-3/35S-6 ve tNOS2F/tNOS2R primer ciftleri kullanilmistir. Miimkiin kontaminasyonlari
gozlemlemek i¢in sterilize su kullanilirken, negatif kontrol amaciyla 0 % Bt-11 ve 0% GTS 40-3-2, pozitif kontrol
amactyla ise 5% Bt-11 ve 10% GTS-40-3-2 kullanilmistir. 25 &rnegin higbirinde istenen kalitede ve yeterli
miktarda DNA elde edilememesinin sebebinin isleme sirasinda uygulanan prosesler (kizartma, kavurma, ekstrude
etme, basing vb.) oldugu diisliniilmektedir. Hicbir numunede 35S Promotdr ve NOS Terminatdr bolgesine
rastlanmamustir.

Anahtar Kelimeler: GDO, Konvansiyonel PCR, Lektin geni, Zein geni, 35S Promotdr, NOS Terminator
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1. Introduction

Genetically Modified Organism is an organism, except for human beings, in which the genetic material has
been altered in a way that does not occur naturally by mating and/or natural recombination (Kulag et. al, 2006;
Chao, 2007; Ozmert-Ergin and Yaman, 2013). The genes which are transferred to these organisms are called
"transgene" (Gungoren, 2012). These genes are responsible for the genetical regulation. The two sequences more
frequently used with this purpose are the promoter P-35S from Cauliflower mosaic virus (CaMV) and the nopaline
synthase gene terminator, nos3’, from Agrobacterium tumefaciens (McBride and Summerfelt, 1990; Jen et al.,
2010; Kiran and Osmanagaoglu, 2011). In recent years, GMOs are used in the food industry, and hence, new ideas
are developed, production is growing up, and also speeded up every year. GM (Genetically Modified) agriculture
was 181.5 million hectares in 2014 while it was 1,7 million hectares in 1996. So, agriculture has been a developing
trend in recent years. As a result, nowadays there are many GD products. The most known are potato, tomato,
rice, soybean, sunflower, peanut, rapeseed, papaya, some fish species (Kaynar, 2010).

Gene transfer is carried out by using one of biolistic, electroporation, microinjection methods, or
Agrobacterium-mediated gene transfer. While producing a GM product has many benefits such as an increase in
quality, production and endurance time of the product, development of new drug formula and new food types,
reduction of product waste, and recycling to the environment, it also has adverse effects such as antibiotic
resistance, potential toxicity, undesirable gene exchange, decrease in species richness, unfair competition (Cakar,
2010). Recent advances in genetic engineering have brought many questions especially about food safety,
ecological balance protection, and socio-economic risks. Some scientific circles argue that the risks associated
with the use of genetically modified organisms, which have a large share in agriculture, are not adequately and
effectively investigated (Ekinci, 2008).

This study is aimed to determine whether there are genetic modifications in chips and breakfast cereals. It is
tried to clarify whether the GM corn or soya which is allowed to be used only feed production is used for food
production by investigating GMO presence in chips, breakfast cereals, and some dried nuts covered with soya.
Besides, it is aimed to have an idea about whether sufficient amounts of DNA can be obtained as a result of the
DNA extraction process which is the preliminary process for the determination of GMOs in highly processed
products such as chips and crisp.

2. Materials and Methods

A total of 25 chips, crisps and nuts samples were used as materials. Samples containing corn and soybean
consist of local samples purchased from local markets. Samples were obtained from June 2014 to June 2015, they
belong to different brands and whether they contain corn or soya. The methods proposed by Kay and Paoletti
(2001) were used in the sampling. The samples were ground and pulverized until they were as small as possible
(Guerra, 2005). Homogeneous flours (Certified Reference Materials - CRM) containing different ratios of
Genetically Modified produced by European Union Institute Materials and Measurements and European Reference
Materials IRMM, ERM) were used as reference material.

2.1. DNA Extraction and Purification of Samples

“Roche High Pure DNA Isolation Kit " was used for DNA extraction. 200 mg homogenized sample which was
floured was put into sterile reaction tube. 1000 pl of extraction Buffer was added and mixed with the vortex. After
the solutions were incubated at 80 °C for 30 minutes, they were centrifuged at 12000g for 10 minutes. The
supernatant was added to another 2 ml-microcentrifuge tubes which contain 400 pl Binding Buffer. Then, 80 pl
Proteinaz K solution (20 mg/ ml ddH20) was added to it and incubated at 72 °C for 10 minutes. After that 200 pl
isopropanol alcohol was added and mixed kindly all together. 650 pl solution was taken and put into the filtered
tube which is also placed in the collection tube. This volume was centrifuged at 5000g for 1 min. 450 pl Wash
Buffer was added after removing the passing amount to the collection tube. Again it was centrifuged at 5000g for
1 minute. This washing process repeated 2 times. Filtered tubes were centrifuged at 13000g for 10 seconds to
remove all the Wash Buffer. Finally, filtered tube was placed in a new 1,5ml-reaction tube and 30-100 pl elution
Buffer was added to it at 70 °C. It is centrifuged at 5000g at 15-25 °C for 1 minute. The resulting, purified template
DNA was obtained. DNA was stored at -20 °C for later use (Ekinci, 2008).
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2.2. Determination of DNA Concentration

The purity control and quantification of DNA in the samples were performed by spectrophotometric method.
Thermo Scientific spectrophotometer was used for this purpose. The spectrophotometer was zeroed by using the
sterile water, after that; the sample DNA was diluted 1/10 with sterile deionized water and placed in a bath. The
purity of the sample was calculated from the A260 / A280 ratio (Altindal et al., 2017)

2.3. Agarose Gel Electrophoresis

Electrophoresis was performed in Thermo EC horizontal gel electrophoresis system. DNA samples were run
on a 2% agarose gel electrophoresis. Then, the gel was taken to the gel documentation analysis system and
examined and photographed in Gene Snap Software.

2.4. Polymerase Chain Reaction

Techne brand thermal cycler were used for Polymerase Chain Reaction (PCR). The reaction mixture was prepared
specifically for each primer pairs. The primers and their sequences used in the PCR amplification experiments are
given in Table 1.

Table 1. Primary Properties of Zein Gene, Lectin Gene, 35 S Promoter and NOS Terminator Region

. Primer PCR product
Primer name Target gene length (bp) Base Sequence length (bp)
Zein3 . 19 AGTGCGACCCATATTCCAG
Zeind Zein 21 GACATTGTGGCATCATCATTT 277
GMO3 . 2 GCCCTCTACTCCACCCCCATCC
Lectin 118
GMO4 23 GCCCATCTGCAAGCCTTTTTGTG
35S8-3 CaMV Promoter 20 GACAGTGGTCCCAAAGATGG 147
35S8-6 20 GTCTTGCGAAGGATAGTGGG
tNOS 2F NOS Terminator 29 GTCTTGCGATGATTATCATATAATTTCTG 151
tNOS 2R 25 CGCTATATTTTGTTTTCTATCGCGT

Variable contents primers, dNTPs and the amount of water are shown in Table 2 and Table 3. The thermalcycler
program reported by Horuz and Aysan (2018) was modified and used in PCR processes.The conditions for PCR
amplification of CaMV 35S promoter, NOS terminator, maize-specific gene (zein) and soy-specific gene (lectin) are
summarized in Table 4 and Table 5. The obtained PCR products were evaluated by agorase gel electrophoresis
technique at 130 volts for 30 minutes by gel documentation analysis system (GeneGenius, Syngene).

Table 2. PCR Mix for the Detection of Zein and Lectin Gene (for 1 sample)

Content Last Concentration  For 1 Sample ( pL)
Steril deionized water 16

10xPCR Buffer 1x 2.5

25mM MgClz 2.5mM 2.5

10mM dNTPs 0.2 mM 0.5

20 uM oligonucleotide ZEIN3 or GMO3 0.5 uM 0.625

20 uM oligonucleotide ZEIN4 or GMO4 0.5 uM 0.625

Taq DNA polymerase 0.025 U/ pL 0.25

gDNA(S5 ng/ uL) 0.4 ng/ uL 2

TOTAL 25 puL

Table 3. PCR Mix for the Detection of 35S Promotor and NOS Terminator Regions

Content Last Concentration For 1 Sample ( pL)
Steril deionized water 16

10xPCR Buffer 1x 2.5

25mM MgClz 2.5mM 2.5

10mM dNTPs 0.2 mM 0.5

20 uM oligonucleotide 0.5 uM 0.625

20 uM oligonucleotide 0.5 uM 0.625

Taq DNA polymerase 0.025 U/ pL 0.25

gDNA(5 ng/ uL) 0.4 ng/ uL 2

TOTAL 25 pL

378



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021, 18(3)
Table 4. PCR Program for Zein and Lectin Gene

Program Temperature (°C) Time (min) Number of Cycles
Initial Denaturation 95 3 1

Denaturation 96 1

Annealing/ Extension 60 1 30

Final Extension 72 3 1

Cooling 4 -

Table 5. PCR Program for 35S Promoter and NOS Terminator Regions

Program Temperature (°C)  Time Number of Cycles
Initial Denaturation 95 10 min 1

Denaturation 95 15s

Annealing 60 I5s

Extension 72 15s 35

Final Extension 72 7s 1

Cooling 4 -

2.5. Detection Tests in Conventional PCR

Studies have been conducted to detect the presence of maize and soybean by using the Zein gene and Soybean
gene respectively. In order to investigate the presence of genetic modification, studies have been conducted to
determine the 35S promoter and NOS terminator regions.

Determination of Lectin and Zein gene in conventional PCR.

Specific primers were used to detect species-specific genes of maize and soybean. Zein3 / Zein4 primer pair
was used for Zein gene detection and GMO3 / GMO4 primer pair was used for determination of Lectin gene. The
expected band size for the Lectin gene is 118 bp and 277 bp for the Zein gene in the gel image (Turhan and Kafkas,
2013).

Determination of genetically modified maize and soybean.

DNA amplification results was evaluated on agarose gel image and samples which Zein or Lectin gene were
detected were analyzed to detect if they contain 35S promoter and NOS terminator regions. Detection of one of
these regulatory sequences in soybean and / or maize indicates the presence of GMO (Querci et al., 2002). Primers
3583 and 35S6 (Berben and Dardenne, 2001) were used for the detection of the 35S promoter (CaMV) region, and
tNOS2F and tNOS2R (Merig et al., 2014) for the detection of the NOS terminator region. PCR products were
analyzed by 2% agarose gel electrophoresis. The results were interpreted as with / without GMO.

3. Results and Discussion

3.1. DNA Isolation

DNA extraction was carried out with both CTAB and commercial kit and it was observed that the kits were
superior to CTAB method in terms of quantity and quality of DNA. So, DNA obtained from commercial kit was
used at DNA isolation.

In many studies it is demonstrated that DNA isolation method can produce significantly different DNA yields
and purity for different maize and soybean foodstuffs (Brara et al., 2020; Chakraborty et al., 2020; Stefanova et
al., 2013; Turkec et al., 2015). Our observations are in accordance with previous studies, in which the commercial
kits are generally considered the best for getting better results in both yield and purity for maize flour, maize starch,
maize flakes (Rizzi et al., 2003; Smith and Maxwell, 2007; Peano et al., 2004). Besides, Mafra et al. (2008) studied
the DNA extraction methods for soybean derived food products. They verified that the commercial kits
(Nucleospin and Genespin) gave better results in both yield and purity of soybean flour and simple products than
CTAB method. On the other hand, there are several studies verified that CTAB method was more effective in
DNA purity and yield. Turkec et al. (2015) demonstrated that CTAB method was the most efficient method for
extracting high amounts of DNA from maize bread, chips, maize-based biscuit, diet breakfast cereal, canned maize,
and maize seed, compared to the commercial kits. Furthermore, at the other studies, it is verified that CTAB
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method gave better results for the extraction of DNA from raw soybean, raw maize and animal feed (Tung-Nguyen
et al., 2009); other processed food matrices (CRM of Roundup Ready Soybean (RRS)) (Cankar et al., 2006); dairy
foods (Pirondini et al., 2010); and soy DNA in chocolate and biscuits (Gryson et al., 2004).

3.2. Determination of DNA Concentration

DNA was extracted from food samples by using kit. DNA concentrations were calculated according to the
results obtained from the spectrophotometric measurements (A260 / A280) of the products (Altindal et al., 2017).
DNA concentrations (DNA Concentration = OD260 x Coefficient (50) x Dilution Factor) ranged from 0.64 to 140.3
ng / pl, while DNA purity (A260 / A2s0) varied between 0.7743 and 2.088. The highest DNA amount was obtained
from soybean and maize flour, while less amount and quality of DNA was obtained than corn chips, corn flakes
and dried nuts with soy sauce.

Obtaining high quantity and quality of DNA depends on DNA extraction method. In addition the complexity
of food matrices also affect this quality and quantity. Food matrices may contain proteins, polyphenols, and a
number of PCR inhibitors such as tannins, alkaloids, polysaccharides which casuse difficulties in extraction and
purification of higy-quality DNA. Foods are subjected to more than one process step including mechanical, thermal,
enzymatic and chemical. This situation affects the integrity and amount of DNA obtained and may cause DNA
degradation (Abdel-Latif and Osman, 2017; Fernandes et al., 2016; Mafra, 2008; Terry et al., 2002). This explains
the decrease in the quality of DNA obtained with the increase of food processing steps applied to food in our study.

The integrity and quality of DNA affected by food process steps has been the subject of several studies.
Mechanical processing, high temperatures and oil extraction/refining are the most studied processes (Fernandes et
al., 2016). Food is subjected to a large number of different physical and chemical processes, and these processes
can be applied alone or in combination. Mechanical food processes can be seperation, purification, while thermal
processes are pasteurization, cooking, roasting including chemical reactions (Maillard reaction), or biochemical
methods (e.g. enzymatic treatment of food) (Sathe and Sharma, 2009).

Shear forces (centrifugation, pumping, filtration) applied in mechanical processes may cause DNA degredation.
Especially milling process for producig flour, grits or cornmeal which are used in bakery and extrusion products
can cause DNA degredation. Chen et al. (2005) studied the effect of grinding, cooking, blending, homogenization,
sterilization and spray-drying on the length of DNA fragments and they demonstrated that grinding have the
greatest impact. Murray et al. (2009) also observed that DNA degradation increased in dried and blended soybeans.
These data were in good agreement with work Chen et al. (2005).

Several studies showed that thermal treatment has a significant effect on the amount of DNA extracted from
the food matrix, particularly on GM-derived food (Bergerova et al., 2010; Vijayakumar et al., 2009). In this studies
DNA degradation was monitored by PCR. Besides, the integrity of heated DNA decreases in the duration of heat
exposure. Chen et al. (2005) analyzed the changes of endogenous Lectin gene and exogenous epsps gene in
transgenic raw materials and in samples from three soybean foods (bean curs, soy milk and soy powder) during
eight processes (grinding, cooking, coagulation, squeeze-molding, blending, homogenization, sterilization, and
spray-drying). They concluded that all processes affected the degradation of both genes in transgenic foods. They
stated that heating at 100 °C for 15 min did not change the size of DNA fragments but, super-high-temperature
and high-pressure sterilization at 121 °C for 30 resulted in large-scale degradation. Ballari and Martin (2013)
investigated the effect of various processing treatment such as baking, microwaving, autoclaving, and ultraviolet
irradiation on the content of MON810 maize. They demonstrated that thermal processing at 100 °C leads to
significant DNA degradation. Also several studies emphasized that thermal treatment (approximately 200/220 °C)
substantially reduces the size and quantity of the extracted DNA (Gryson et al., 2007, Hrncirova et al., 2008).
Bauer et al. (2004) investigated the degredation of plant DNA during food processing, and they produced potato
sticks, flakes and chips. The potatoes were subjected to high temperatures (150 to 175 °C) for the short times
(minutes) which conditions are commonly used in drying and frying processes. They stated that DNA strongly
degraded by the heat treatment steps. Apart from that, Vijayakumar et al. (2009) concluded that, although there is
a visible DNA degradation as a result of baking process, amplification was still possible.

In our study, we used maize flour, soybean, cornchips, cornflakes and dried nuts as sample. According to the
results given above, it is clearly understood that food processes (grinding, heat treatments, homogenizations,
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pressure) have effects on DNA integrity and detection. According the result in our study, the inability to obtain
sufficient amount and quality of DNA from processed foods may be attributed to this.

3.3. Plant Specific PCR

The results obtained from the PCR procedure are shown in Figure 1. According to results, 277 bp (base pairs)
PCR product was obtained in C1, C2, C3,C3, C4, C5, C6, C7, C9, C10, N1, N5, N6, MF1, MF2, MF3 samples,
so the Zein gene was determined. From 17 out of 25 samples, Zein or Lectin genes were obtained. Zein gene was
obtained from 90% of chips products and 50% of the dried nuts samples, but no soybean gene was obtained from
these samples. While no Zein gene was obtained from any of the corn flakes samples, Zein gene was obtained
from 100% of corn flour and Lectin gene was obtained from 100% of soy flour.

Figure 1. Searching for the Zein and Lectin Gene Using the Primer Pairs ZEIN3 / ZEIN4 for Zein and
GMO3 / GMOA for Lectin in the Samples. 1=1PC (%0 GTS 40-3-2 Soy), 2= PC (%0 Bt-11 Maize), 3= CI,
4=C2,5=C3,6=C4,7=C5 8= C6,9=C7,10=C8, 11=CY9, 12= C10, 13=N1, 14= N2, 15= N3, 16= N4,
17=SF1, 18= N5, 19=Blank, 20= NC (%0 Bt-11 Maize), 21= PC (%0 GTS 40-3-2 Soy), 22= CF1, 23= N5,

24= CF2, 25= CF3, 26= CF4, 27=SF2, 28=Blank, 29= PC ( %0 Bt-11 Maize), 30= NC (%0 GTS 40-3-2

Soy), 31= CF1, 32= N5, 33=CF2, 34=CF3, 35= CF4, 36= SF2, 37= Blank, 38= PC ( %0 Bt-11 Maize),

39= NC (%0 GTS 40-3-2 Soy), 40=MF 1, 41=MF2, 42=MF3, 43= Blank, 44= NC ( %0 Bt-11 Maize), 45=

PC (%0 GTS 40-3-2 Soy), 46= MF1, 47= MF 2, 48= MF 3, 49= Blank

3.4. Investigation of 35S Promoter, NOS Terminator Presence by Conventional PCR Method

Figure 2. PCR Amplification in Maize or Soy Gene Obtained Samples by Using Primer Pair 35S-3 and 355-6.
1= NC(%0 Bt 11), 2= PC (%5 Bt 11), 3= PC (%I GTS 40-3-2 Soy), 4= NC (%0 GTS 40-3-2 Soy), 5=CI, 6=C2,
7=C3, 8=C4, 9=C5, 10=C6, 11=C7, 12= C9, 13= CI10, 14=N1, 15=SF1, 16=N5, 17=SF 2, 18=N6, 19=
Blank, 20= PC (%5 Bt 11), 21=PC (%1 GTS 40-3-2 Soy), 22= NC(%0 Bt 11), 23= NC (%0 GTS 40-3-2 Soy),
24= MF1, 25= MF2, 26= MF3, 27=Blank

In the studies performed, 35S3 and 35S6 primers were used for determination of 35S promoter region. The
primers tNOS2F and tNOS2R were used for the determination of the NOS terminator region (7able 1). In the
experiments, 10% GTS 40-3-2 Soybean and 5% Bt-11 Maize standard reference materials were used as a positive
control (PC), 0% GTS 40-3-2 Soybean and 0% Bt-11 Maize standard reference materials were used as a negative
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control (NC). Sterile deionized water (Blank) was used to detect possible contamination in the PCR mixture. These
analyzes were carried out on 17 samples that could obtain Lectin or Zein genes. While the size of the detected
DNA fragment by primers 35S3 and 3556 was 147 bp, the size of the detected DNA fragment by primers tNOS2F
and tNOS2R was 151 bp. According to the results shown in Figure 2 and Figure 3, all of the examples are negative
for the 35S promoter and NOS terminator region.

Figure 3. PCR Amplification in Maize or Soybean Gene Obtained Samples with Primer Pair tNOS2F and
tNOS2R 1= NC(%0 Bt 11), 2= PC(%5 Bt 11), 3= PC (%1 GTS 40-3-2 Soy), 4= NC (%0 GTS 40-3-2 Soy), 5=
Cl,6=C2,7=C3,8=C4,9=C5, 10=Co6, 11=C7, 12=C9, 13=CI10, 14= NI, 15=SF1, 16= N5, 17= SF2,
18= N6, 19= Blank, 20= NC (%0 GTS 40-3-2 Soy), 21=NC(%0 Bt 11), 22= PC (%5 Bt 11), 23= PC (%1 GTS
40-3-2 Soy), 24= MF, 25= MF2, 26= MF3, 27=Blank

Turkec et al. (2015) investigated the GMO presence in 49 maize produsts (maize foodstuffs and feeds) sold in
Turkish markets. According to their results, 2 samples (%4) contained both 35S and NOS, and 9 samples (%8)
contained the presence of one GM element (NOS). They stated that 2 of the 9 samples with GM material were
maize starch, one of each of diet breakfast and maize feed. Similarly, Gurakan et al (2011) investigated the
presence of GM maize (Btl1) in a total of 31 foods and feeds, including a variety of highly processed maize
products. They detected 35S promoter in 11 out of 31 samples. Of these 11 samples, 7 samples were both 35S and
NOS positive. However, they stated that the highly processed products containing maize ingredients (maize starch,
corn flakes, maize chips and popcorn) were neither 35S nor NOS positive. Also they remark that 3 out of 4 kernel
corn and 1 out of 4 maize flour sample gave positive amplification signal for Bt11 maize. 75 soya-containing food
and feed samples were screened for GMO content by qualitive and quantitative PCR by Turkec et al. (2016). While
6 out of 56 food samples (%10.7) were found to be GM positive, 15 out of 19 feed samples were reported to be
GM positive. The threshold levels of GM positive food samples were also stated to be less than %0.9. Turkey has
similar threshold limits in compliance with EU legislation. Any GM events have yet been approved for food use
in Turkey. But Turkey also imports large quantities of feed, and it is stated in several studies that the presence of
GM soy in feeds is highly. Studies also highlight that GM soy can be found in foods. These results given above
demonstrate that maize foodstuffs and feeds sold in Turkey may contain GM material without any indications for
consumers.

4. Conclusions

PCR is based on the amplification of genomic DNA fragments under conditions in which short oligonucleotide
primers with a sequence complementing the target DNA synthesize this DNA (Cakmak, 2010). For this purpose,
the analysis was completed in three steps: first isolation of DNA from the products, the detection of the presence
of Zein or Lectin, and finally the detection of the GMO in the products obtained from Zein or Lectin gene.

According to the results, it was determined that chips, cornflakes, and dried nuts were not genetically modified
or the amount of genetically modified DNA was below the limits that could be determined. When the production
processes of the selected products except soybean and corn flour were considered, a sufficient amount and quality
of DNA could not be obtained in 8 samples. The DNA structures of these products are estimated to be damaged,
and it is thought that the DNA fragments to be amplified may not be of sufficient length and quality.

This may be explained by the fact that DNA may not be reproduced due to damage to the DNA due to the
processes they were exposed to during the processing of the products. Temperature, low pH, nuclease can cause
hydrolysis, impurity and / or enzymatic degradation of DNA (Gachet et al., 1999; Lipp and Anklam, 2002). In
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addition, there are studies showing that the heat treatment applied to the products deteriorates the DNA and the
average fragment length decreases in the majority (Meyer, 1999; Aydin, 2004).

DNA isolated from processed foods is generally of low quality and has shorter target sites (Hemmer, 1997).
The efficiency of PCR depends on the quality and purity of the DNA obtained.

DNA quality can also be determined by the length of fragments and the rate of damage (Ekinci, 2008; Lipp
and Anklam, 2002). As a result of frying, heating, and filtering the products, the DNA structure may deteriorate
with the applied pressure or temperature (Pauli et al., 2000).

Pauli et al. (2000) listed the process steps in corn product production from many steps to fewer steps as corn
grain, corn flour, popcorn, corn starch, corn chips and corn flakes. When the samples used in the study are
examined; starch, corn flour and soy flour can be considered with the low process while the other samples are
considered as medium or high process food according to the explanations made above. The fact that the plant gene
is obtained from all corn and soy flour while the plant gene cannot be obtained in some of the chips and dried nuts
and corn flakes can be explained as the reason for the decrease in the amount and quality of the DNA obtained
from these samples which are considered as medium or high processed foods.

Because the Zein or Lectin gene was so worn that it could not be observed, it was not possible to obtain clear
information about whether these samples contain GM as a result of not continuing forward analyses.

As aresult, no foreign gene was detected in corn chips, corn flakes, popcorn, dried nuts with soy sauce and soy
and corn flour.

This study draws attention to the necessity of continuing the studies for the determination of GMO type and
amount of genetic modification in foods, to develop reliable, easy-to-use methods that can yield accurate results
with fewer DNA isolates.

This study draws attention to the need for studies with less DNA isolates to determine GMO type and amount
in the determination of genetic modification in foods by developing reliable and easy-to-use methods.
Acknowledgment

This study was financially supported by Namik Kemal University Scientific Research Projects Coordination
Department, project number NKUBAP.00.24.AR.13.13. This article is produced from M.S. thesis of Sebnem
Mutlu.

383



Mutlu & Simsek & Oksuz
Investigating The GMO Existence in Chips and Breakfast Cereals Marketed in Turkey

References

Abdel-Latif, A., Osman, G. (2017). Comparison of three genomic DNA extraction methods to obtain high DNA quality from maize. Plant
Methods, 13:1,1-9.

Altindal, D., Altindal, N., Akgiin, I. (2017). Tritikale (X Triticosecale Wittmack) genotiplerinin ISSR-PCR yontemi ile molekiiler diizeyde
tanimlanmasi. Journal of Tekirdag Agricultural Faculty, 14 (03): 19-26.

Aydin, G. (2004). Detection and Quantification of Genetically Modified Maize Via Polymerase Chain Reaction. Msci. Thesis, Department of
Biotechnology, METU, Ankara.

Ballari, R.V., Martin, A. (2013). Assessment of DNA degradation induced by thermal and UV radiation processing: Implications for
quantification of genetically modified organisms. Food Chemistry, 141:2130-2136.

Bauer, T., Hammes, W.P., Haase, N.U., Hertel, C. (2004). Effect of food components and processing parameters on DNA degradation in food.
Environ. Biosafety Res., 3:215-223.

Berben, G., Dardenne, P. (2001). Tragage et authentification des produits a base d’organismes génétiquement modifiés, Recherches financées
par les SSTC dans le cadre du programme de “Recherche pré-nominative dans le secteur alimentaire”, CRA-W, rapport finale contract
NP/42/026.

Bergerova, E., Hrn¢irova, Z., Stankovska, M., LopaSovska, M., Siekel, P. (2010). Effect of thermal treatment on the amplification and
quantification of transgenic and non-transgenic soybean and maize DNA. Food Anal. Methods, 3: 211-218.

Brara, Z., Costa, J., Villa, C., Grazina, L., Bitam, A., Mafra, 1. (2020). Surveying genetically modified maize in foods marketed in Algeria.
Food Control, 109.

Cankar, K., Stebih, D., Dreo, T., Zel, J., Gruden, K (2006). Critical points of DNA quantification by real-time PCR-effects of DNA extraction
method and sample matrix on quantification of genetically modified organisms. BMC Biotechnol., 6:37-51.

Chakraborty, S., Saha, A., Anathram, A.N. (2020). Comparison of DNA extraction methods for non-marine molluscs: is modified CTAB DNA
extraction method more efficient than DNA?. Protocols and Methods, 10:69.

Chao, E. (2007). A Risk-Based Classification Scheme for Genetically Modified Foods:Establishing Levels of Concern to Guide Testing
Requirements. Faculty of Graduate and Post Doctoral Studies. University of Ottawa Canada, 19-75.

Chen, Y., Wang, Y., Ge, Y., Xu, B. (2005). Degradation of endogenous and exogenous genes of roundup-ready soybean during food processing.
J. Agric. Food Chem., 53: 10239-10243.

Cakar, T. (2010). Genetigi Degistirilmis Organizmalar ve Tiiketici Haklar1. Farkli Boyutlariyla Genetigi Degistirilmis Organizmalar, Ed: D.
Aslan, Sengelen M., Ankara, 75-84.

Cakmak, A I (2010). Tiirkiye’ de Satisa Sunulan Baz1 Gida Uriinlerinde Genetik Modifiye Misir Bilesenlerinin Aranmast. (Master’s Thesis)
Istanbul Technical University, Institute of Science, Istanbul Turkey.

Ekinci, M.B. (2008). islenmis ve islenmemis Baz1 Misir Uriinlerinde Genetik Modifikasyonun Tespiti. (Ph.D. Thesis) Institute of Science,
Ankara University, Department of Food Engineering, Ankara. Turkey.

Fernandes, T.J.R., Costa, J., Placido, A., Villa, C., Grazina, L., Meira, L., Oliveira, M.B.P.P., Mafra, I. (2016). Genetically Modified Organism
Analysis as Affected by DNA Degradation, Editor: R.R. WATSON and V.R. PREEDY, Genetically Modified Organisms in Food (P.
111-118), Academic Press, Portugal.

Gachet, E., Martin, G.G., Vigneau, F., Meyer, G. (1999). Detection Of Genetically Modified Organisms (Gmos) By PCR: A Brief Review Of
Methodologies Available. Trends in Food Science and Technology, 9: 380-388.

Gryson, N., Messens, K., Dewettinck, K. (2004). Evaluation and optimisation of five different extraction methods for soy DNA in chocolate
and biscuits extraction of DNA as a first step in GMO analysis. J Sci Food Agric., 81:231-234.

Gryson, N., Dewettinck, K., Messens, K. (2007). Detection of genetically modified soy in doughs and cookies. Cereal Chem., 84: 109—115.

Guerra, F.X.M. (2005). Development of technique for the quantification of DNA from genetically modified organisms in processed foods.
Chair of Allegement Food Technology. Minich Technical University.

Giingdren, A.V. (2012). Genetigi Degistirilmis Tarum Uriinlerinin Tiirkive A¢isindan Degerlendirilmesi. Master’s Thesis. Ankara University,
Institute of Science, Ankara, Turkey.

Gurakan, G.C., Aydm, G., Yilmaz, R. (2011). Qualitative detection of GM maize (Bt11) in food and feed sold commercially in Turkey by PCR
based methods. Indian Journal of Biotechnology, 10: 143-146.

Hemmer, W. (1997). Foods Derived From  Genetically = Modified  Organisms And  Detection = Methods.
http://www .bats.ch/bats/publikationen/1997-2_gmo/gmo_food.pdf (accessed date, 10.07.2015).

Horuz, S., Aysan, Y. (2018). Kabakgil tohumlarinda karpuz bakteriyel fide yaniklig1 ve meyve lekesi hastaligi etmeni Acidovorax citrulli’nin
varliginin belirlenmesinde kullanilabilecek uygun yontem(ler)in saptanmasi. Journal of Tekirdag Agricultural Faculty, 15 (03): 36-43.

Hrncirova, Z., Bergerova, E., Siekel, P. (2008). Effects of technological treatment on DNA degradation in selected food matrices of plant origin.

384



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021, 18(3)

J. Food Nutr. Res., 47: 23-28.

Jen, Lu. L., Lin, C., Ming, T. (2010). Establishment Of A System Based On Universal Multiplex-PCR For Screening Genetically Modified
Crops. Pan Anal Bioanal Chemistry, 396: 2055-2064.

Kay, S. and Paoletti, S. (2001). Sampling strategies for GMO detection and/or quantification. Rev 4.2, 23 Nov. 2001. EC. Directorate general
JRC. IHCP (Institute for Healt and Consumer Protection). Food Products Unit: GMO: Food and Environment.

Kaynar, P. (2010). Genetik Olarak Degistirilmis Organizmalar (GDO)’a Genel Bir Bakis. Tiirk Hijyen ve Deneysel Biyoloji Dergisi. 66: 177-
185.

Kiran, F., Osmanagaoglu, O. (2011). Gidalarda Genetik Yapisi Degistirilmis Organizmalarin (GDO) Belirlenmesi. Gida, 36(5): 295-302.

Kulag, I., Agirdil, Y., Yakin, M. (2006). Sofralarimizdaki Tatli Dert, GDO ve Halk Sagligina Etkileri. Tiirk Biyokimya Dergisi., 31(3):151-
155.

Lipp, M. and Anklam, E. (2002). Validation of an immunoassay for the detection and quantification of roundop-ready soybean in food and
feed fraction by the use of reference materials. European Commission Joint research Centre. Institute for Healt and Consumer Protection.
Food Production and Consumer Goods Unit. 260p. Ispra, Italy.

Mafra, 1., Silva S.A., Moreira, E.J.M.O., Ferreira da Silva, C.S., Beatriz, M., Oliveira, P.P. (2008). Comparative study of DNA extraction
methods for soybean derived food products. Food Control, 19:1183-1190.

McBride, K., Summerfelt, K. (1990). Improved Binary Vectors For Agrobacterium Mediated Plant Transformation. Plant Mol Biol, 14: 269—
276.

Merig, S., Cakir, O., Turgut, K.N., Ar1, S. (2014). Detection of Genetically Modified Maize And Soybean in Feed Samples. Gen. and Mol. Res.
2014; 13: 160-1168.

Meyer R (1999). Development And Application Of DNA Analytical Methods For The Detection Of Gmos in Food. Food Control, 10: 391-
399.

Murray, S.R., Butler, R.C., Timmerman-Vaughan, G.M. (2009). Quantitative real-time PCR assays to detect DNA degradation in soy-based
food products. J. Sci. Food Agric., 89: 1137-1144.

Ozmert-Ergin, S. ve Yaman, H. (2013). Genetigi Degistirilmis Gidalar ve Insan Sagligi Uzerine Etkileri. Giimiishane University, Saglik
Bilimleri Dergisi, 2(2): 261-274.

Pauli, U., Liniger, M., Zimmerman, A., Schrott, M. (2000). Extraction and amplification of DNA from 55 foodstuffs. Mitt. Lebensm. Hyg. ,
91: 491-500.

Peano, C., Ruijter, J.M., Deprez, R.H.L., Moorman, A.F.M. (2004). Qualitative and quantitative evalutation of the genomic DNA extract from
GMO and non-GMO foodstuffs with four extraction methods. J Agric Food Chem., 52:6962-6968.

Pirondini, A., Bonas, U., Maestri, E., Visioli, G., Marmiroli, M., Marmiroli, N. (2010). Yield and amplificability of different DNA extraction
procedures for traceability in the dairy food chain. Food Control., 21:663—668.

Querci, M., Van den Eede, G. and Jermini, M. (2002). The analysis of food samples for the presence of genetically modified organisms.
European Commission. Joint Research Centre Manual. Boliim 2, 5-8.

Rizzi, A., Panebianco, L., Giaccu, D., Sorlini, C., Daffonchio, D. (2003). Stability and recovery of maize DNA during food procecessing. Ital
J Food Sci, 15:499-510.

Sathe, S.K., Sharma, G.M. (2009). Effects of food processing on food allergens. Mol. Nutr. Food Res., 53: 970-978.

Smith, D.S., Maxwell, P.W. (2007). Use of quantitative PCR to evaluate several methods for extracting DNA from corn flour and
cornstarch. Food Control, 18:236-242.

Stefanova, P., Taseva, M., Georgieva, T., Gotcheva, V., Angelov, A. (2013). A Modified CTAB Method for DNA Extraction from Soybean
and Meat Products. Biotechnology & Biotechnological Equipment, 27:3, 3803-3810.

Terry, C.F., Harris, N., Parkers, H.C. (2002). Detection of genetically modified crops and their derivatives: Critical steps in sample preparation
and extraction. Journal of AOAC International, 85: 768-774.

Tung-Nguyen, C.T., Son, R., Raha, A.R., Lai, O.M., Clemente Michael, W.V.L. (2009). Comparison of DNA extraction efficiencies using
various methods for the detection of genetically modified organisms (GMOs). Int Food Research J. ,16:21-30.

Turhan, A., Kafkas, S. (2013). Soya ve Misirda Genetigi Degistirilmis Uriinlerin Belirlenmesi. Canakkale University, Fen ve Miihendislik
Bilimleri Dergisi, 29(2): 80-89.

Turkec, A., Kazan, H., Karacanli, B., Lucas, S.J. (2015). DNA extraction techniques compared for accurate detection of genetically modified
organisms (GMOs) in maize food and feed products. J Food Sci Technol, 52(8):5164-5171.

Turkec, A., Lucas, S.J., Karlik, E. (2016). Monitoring the prevalence of genetically modified (GM) soybean in Turkish food and feed products.
Food Control, 59: 766-772.

Vijayakumar, K.R., Martin, A., Gowda, L.R., Prakash, V. (2009). Detection of genetically modified soya and maize: impact of heat processing.
Food Chem., 117: 514-521.

385



Journal of Tekirdag Agricultural Faculty EylilSeptember 2021, 18(3)

o]
. . . . . L. Bagvuru/Received: 29/01/20
JO a Tekirdag Ziraat Fakultesi Dergisi Kabul/Accepted: 21/06/21

DOI: 10.33462/jotaf.681808

http://dergipark.gov.tr/jotaf
http://jotaf.nku.edu.tr/

ARASTIRMA MAKALESI RESEARCH ARTICLE

Tiirkiye’de Pamuk Uretimi Ile Fiyati Arasindaki Iliskinin Koyck Yaklasim ile Analizi

Analysis of the Relationship Between Cotton Production and Prices by using Koyck
Approach in Turkey

Seymur AGAZADE

Oz

Bu ¢aligmada, Tiirkiye igin pamuk tiretim miktar1 ile pamuk reel fiyatlar1 arasindaki iliskinin gecikmesi dagitilmig
modellerden olan Koyck yaklagimi gergevesinde incelenmesi amaglanmistir. Bu amag dogrultusunda, Tiirkiye’de
pamuk yetistirilen 19 ile ait veri seti ve panel veri yontemleri kullanilmigtir. Pamuk reel fiyatlari, her ile ait nominal
pamuk fiyatlari ile Tiirkiye geneline ait tiiketici fiyatlar1 endeksi kullanilarak hesaplanmistir. Calismada panel veri
yatay kesit bagimliligina yonelik yapilan incelemede farkl illere ait hem pamuk iiretim miktar1 hem de pamuk reel
fiyat serileri arasinda pozitif korelasyon oldugu goriilmiistiir. Bu korelasyonun pamuk iiretim miktar1 i¢in %21.6
ve reel pamuk fiyatlari i¢cin %90.4 oraninda oldugu goriilmiistiir. Panel birim kok testine ait bulgular, pamuk iiretim
miktar1 ve pamuk reel fiyati serilerinin duragan oldugunu desteklemistir. Bu sonu¢ hem pamuk iiretim miktart hem
de reel pamuk fiyati serisinin meydana gelen dis soklardan sonra kendi uzun dénem diizeylerine donme egilimi
gosterdigine isaret etmektedir. Panel veri sabit etkiler modelinin temel varsayimlarina iliskin tespit edilen sorunlar
dikkate aliarak, pamuk iiretim fonksiyonu direngli standart hatalara dayanan ve otokorelasyon, degisen varyans
ve yatay kesit bagimliliginin varliginda da etkin sonuglar saglayan bir yaklasim gergevesinde tahmin edilmistir.
Koyck yaklagimi gergevesinde yapilan panel veri sabit etkili model tahmin sonuglari ise reel pamuk fiyatinda
meydana gelen %1°lik bir degigmenin pamuk iiretim miktarini ayn1 y1l %0.31 oraninda ve ayn1 yonde etkiledigini
gostermistir. Reel pamuk fiyatindaki bu degisim 1 ve 2 yil sonraki pamuk {iretim miktarimi sirasiyla %0.26
ve %0.22 oraninda etkilemektedir. Caligmada, pamuk reel fiyatinda meydana gelen degismenin pamuk iiretim
miktarina yansimasi i¢in gereken ortalama siire ise 4.99 yil olarak hesaplanmigtir.
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Abstract

In this study, the relationship between the amount of cotton production and real cotton prices was investigated for
Turkey in the framework of Koyck approach, one of the distributed lag models. For this purpose, data for the 19
cotton grown provinces of Turkey and panel data methods were used. Cotton real prices were calculated using the
nominal cotton prices of each province and the consumer price index of Turkey in general. Panel data cross-
sectional dependency analyses show that there are positive correlations between both the amount of cotton
production and real price series of different provinces. This correlation was found to be 21.6% for cotton
production and 90.4% for real cotton prices. Findings of panel unit root tests supported that cotton production and
cotton real price series were stationary. This result supports that both series return to their long run levels after
external shocks. Taking into account the problems related to the basic assumptions of the fixed effects model, the
cotton production function was estimated in the context of an approach, which is based on robust standard errors
and provides efficient results in the presence of autocorrelation, heteroscedasticity and cross-sectional dependence.
The findings of the panel data fixed effect model estimated within the framework of the Koyck approach showed
that a 1% change in the real cotton price affected cotton production in the same direction by 0.31% in the same
year. Furthermore, this change in real cotton price affects cotton production by 0.26% and 0.22% after 1 and 2
years, respectively. Finally, the average time required to reflect the real cotton price changes on the production
was calculated as 4.99 years.

Keywords: Cotton production amount, Real cotton price, Koyck approach, Panel data, Turkey
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1. Giris

Tiirkiye diinya pamuk iiretiminin iilkeler siralamasinda iist siralarda yer alan {ilkelerden biridir. Buna goére
2018/2019 doéneminde Hindistan, ABD, Cin, Brezilya ve Pakistan’dan sonra Tiirkiye altinci sirada gelmektedir.
Bu ¢aligmada, énemli miktarda pamuk {iretiminin yapildig:1 Tiirkiye i¢in pamuk iiretim miktar1 {izerinde pamuk
fiyatlariin etkisi arastirilmigtir. Bilindigi gibi, tarim tirinlerinin Giretimi cari donemdeki fiyatlarin yani sira dnceki
donemlere ait fiyatlara da 6nemli derecede duyarli olabilmektedir. Buna iligkin olarak, iktisat teorisinde 6riimcek
ag1 teoremi olarak bilinen yaklasim da, 6zellikle tarim {diriinlerinde iiretime iliskin verilen kararlarda 6nceki
doneme ait fiyat diizeyinin dikkate alinmasi ile tiretim miktariin ve fiyatlarin sergileyebilecegi dalgalanmalari
aciklamaya ¢aligmaktadir. Tarim {iirlinlerinin bu 6zelligine bagl olarak, gecikmesi dagitilmis modeller {iretim
miktar1 ve fiyat iligkisinin incelenmesinde onemli kolayliklar saglamaktadir. Bu nedenle, gecikmesi dagitilmis
modeller tarim {irlinlerine iligkin tahminlerde yaygin bir sekilde kullanilmaktadir. Bu ¢aligmada uygulanan Koyck
(1954) yaklagimu da, ilgili literatiirde en yaygin sekilde kullanilan gecikmesi dagitilmis modeller arasinda yer
almaktadir.

Tiirkiye i¢in pamuk fiyatlarinin pamuk iiretimi tizerindeki etkisi sinirli sayida ¢aligmada incelenmistir. Pamuk
iretiminin fonksiyonel analizine yonelik kisith sayidaki ¢alismanin da agirlikli olarak iiriin maliyeti ve iiretim
tekniklerinin incelenmesi konularina yogunlastigi goriilmektedir (Semerci ve Celik, 2018). Pamuk fiyatlarinin
pamuk iiretim miktar1 iizerindeki etkisinin incelendigi ¢alismalara Yurdakul (1998), Aktas (2006), Ozer ve ark.
(2014) Karaman ve ark. (2015), Oziidogru ve Miran (2015), Onder (2017) ve Eski ve Kayalak (2018) gibi
caligmalar 6rnek verilebilir. Diinya pamuk sektoriiniin temel sorununu, fiyatlarda ortaya ¢ikan dalgalanmalar ve
diisiis egilimleri seklinde ifade eden Ozer ve Ilkdogan (2013) ise, pamuk fiyatlarindaki istikrarsizligin etkilerinin
azaltilabilmesi igin gelecekte olusacak pamuk fiyatinin 6nemini vurgulamis ve buna yonelik tahminler yapmuslar.
Belirtilen arastirmalardan birinde Onder (2017), Tiirkiye’nin dort iiretim bolgesine ait panel veri kullanmustir.
Diger ¢alismalarda yapilan analizlerde ise, zaman serisi yontemleri kullanilmis olup yapilan analizler genellikle
sinirl gdzleme dayanmaktadir. Belirtilen ¢calismalardan Eski ve Kayalak (2018) hari¢ digerlerinde pamuk nominal
fiyatlar dikkate alinmistir. Bu caligmada ise, pamuk iiretim miktar: ile reel fiyati arasindaki iliski ¢ok daha
kapsamli bir veri seti kullanilarak incelenmistir. Yurdakul (1998), Koyck (1954) modelini kullanmistir. Fakat
gozlem sayist oldukga kisithidir. Koyck (1954) modelinin tarim {riinlerine iliskin tahminlerde yaygin sekilde
kullanildig1 Dikmen (2006), Erdal (2006), Ozgelik ve Ozer (2006), Erdal ve Erdal (2008), Cetinkaya (2012),
Dogan ve ark. (2014), Celik (2014 ve 2015), Ozbay ve Celik (2016), Akgiil ve Yildiz (2016), Arisoy ve
Bayramoglu (2017) ve Berk (2017) gibi caligmalardan da anlasilmaktadir. Bu ¢caligmalarda farkli tarim tirlinlerinin
fiyatlarinin tiretim miktarlar tizerindeki etkisi belirtilen model ¢ergevesinde tahmin edilmistir.

Gecikmesi dagitilmis modeller iktisadi degiskenleri kapsayan ¢aligmalarda yaygin bir sekilde kullanilmakta
olup kurumsal, psikolojik, yapisal olmak iizere bir¢ok nedenden dolay: ortaya ¢ikabilecek olan degiskenlerin
gecikmeli etkilerinin de modellenmesine imkén tanimaktadir. Fakat bu modellerde bagimsiz degiskene ait
gecikmeli degerlerin agiklayici degisken olarak yer almasi ¢oklu baglanti sorununa neden olabilmektedir. Ayrica
gecikmesi dagitilmis modellerin kullanimi ile yapilan tahminler onemli gézlem kaybina da yol agabilmektedir.
Koyck (1954) yaklagimi ise, bu sorunlara neden olmadan ilgili modelin tahmin edilmesine olanak saglamaktadir.
Pamuk reel fiyatlarinin kullanilmasinin yani sira bu g¢alismanm 6nemli bir diger stiinligii de yukarida da
belirtildigi gibi olduk¢a genis bir veri setine dayanmasidir. Calismada Tiirkiye’nin pamuk yetistirilen 19 ilinin
1991-2018 yillarin ait kiitlii pamuk iiretim miktar1 ve fiyat1 verileri kullanilmistir.

2. Materyal ve Yontem
2.1. Tiirkiye’de pamuk iiretimi, verimliligi ve fiyatlart

Sekil 1’de 1991-2018 yillarinda Tiirkiye’de pamuk ekili alanlarin seyri verilmistir. Sekilden de goriildiigii iizere
1990’11 yillarin baslarinda pamuk ekili alan 6 milyon dekar diizeyindedir. 1995 yilinda 6nemli bir artig yasanmig olup
bu alan 7.57 milyon dekara ¢ikmustir. Fakat sonraki yillar i¢in genel olarak bir azalma egiliminin oldugu sdylenebilir.
Bu azalma egilimi 2009 yilina kadar devam etmis olup ekili alanlar1 4.20 milyon dekar diizeyine kadar azaltmustir.
Tiirkiye’nin pamuk ekili alanlar1 bu yildan sonra ise dalgalanmalar gostermekle birlikte daha yatay bir egilim
sergilemistir. 2018 yilia ait deger 5.19 milyon dekar olmustur. Bu alan 1991 yili degeri ile karsilastirildiginda ekili
alanlarin yaklasik olarak %13 azaldig1 ortaya ¢ikmaktadir.
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Figure 1. Cotton cultivated area (million decares)

Sekil 1. Pamuk ekili alan (milyon dekar) (TUIK , 2019a)

Tiirkiye’de pamuk iiretiminin 1991-2018 yillarna ait seyri ise Seki/ 2’de verilmistir. Goriildiigi tizere Sekil 1’de
ifade edilen ekili alanlarmn aksine {iretim miktarlar1 belirtilen donemde genel olarak pozitif egime sahiptir. Bu durum
oncelikli olarak ekili alan birimi bagina {iretim cinsinden verimliligin de belirtilen dénemde bir artis egilimine sahip
olacagimi gostermektedir. Seki/ 2’den goriildiigii lizere 1991 yilinda Tiirkiye’de kiitlii ve lif pamuk tiretim miktarlari
sirastyla 1.51 ve 0.56 milyon ton diizeyindedir. 2006 y1lina kadar daha belirgin bir artig egiliminin oldugu sdylenebilir.
Bu yilda kiitlii ve lif pamuk iiretim miktarlar sirasiyla 2.55 ve 0.98 milyon ton olmustur. 2007-2009 yillarinda ise
iiretimde 6nemli diisiisle yasanmustir. Sekil 1’den goriildiigii lizere ayni yillarda pamuk ekili alanlarda da keskin
azalmalar yasanmustir. 2010 yili ile birlikte {iretim miktarinin toparlandigi goriilmektedir. 2018 yilinda ise pamuk
tiretim miktarlar1 kiitlii ve lif pamuk igin swrastyla 2.57 ve 0.98 milyon ton olmustur. 1991 yili degerleri ile
karsilastirildiginda bu tiretim miktarlan kiitlii ve lif pamuk {iretiminin sirastyla %70 ve %75 oraninda arttigina isaret
etmektedir.
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Figure 2. Cotton production (thousand tons)
Sekil 2. Pamuk iiretimi (bin ton) (TUIK , 2019a)

Pamuk {iretiminin illere gére dagilimma bakildiginda 6zellikle Sanlurfa, Aydin, Hatay, Diyarbakir, Adana ve
[zmir’in 6n plana ¢iktig1 gériilmektedir. Tablo 1’de de sunulan 2018 kiitlii pamuk iiretimi verilerine gére Sanlurfa
yaklagik olarak 1.03 milyon ton ile Tiirkiye genelindeki iiretimin yaklasik olarak %39.99’unu gergeklestirmektedir.
Belirtilen alt1 ilin ayn1 yila ait toplam {iretimi ise Tiirkiye genelindeki iiretimin %84.73iine karsilik gelmektedir.
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Tablo 1. Illere gore pamuk iiretim miktari, ekili alan ve verim (2018)
Table 1. Cotton production amount, cultivated area and yield by provinces (2018)

Uretim miktar: (ton) EKkili alan (dekar) Verim (kg/dekar)
Adana 206143 362543 569
Adiyaman 40635 80061 508
Antalya 24832 49754 499
Aydin 279377 536891 520
Balikesir 851 1911 445
Batman 2982 5298 563
Denizli 42517 84442 504
Diyarbakir 244497 480368 509
Gaziantep 38525 74280 519
Hatay 263901 485394 544
Igdir 4275 9727 439
Kahramanmaras 44931 85068 528
Kilis 2073 4608 450
Manisa 61192 102634 596
Mardin 56916 107819 528
Mersin 31117 52216 596
Mugla 2860 6035 474
Osmaniye 2209 4442 497
Siirt 1003 2133 470
Canakkale 17 47 362
[zmir 156077 277434 563
Sanliurfa 1027625 2314303 444
Sirnak 35445 58934 601

Kaynak: (TUIK , 2019a)

Sekil 1 ve Sekil 2’de sunulan verilerden hareketle elde edilebilecek olan pamuk icin ekili alan verimliliinin seyri
ise Sekil 3’te sunulmustur. Goriildiigi lizere hem kiitlii hem de lif pamukta dekar basina diisen {iretim miktar1 1991-
2018 yillarinda pozitif egime sahip olmustur. 1999 ve 2008 yillarmda belirgin diisiislere ragmen arazi verimliligindeki
artisin bir siireklilik gosterdigi sdylenebilir. Grafikten goriildiigii tizere 1991 yilinda kiitlii ve lif pamuk i¢in verimlilik
dekar basina sirasiyla 253 ve 93 kilogram iken 2018 yilinda 496 ve 188 kilogram olmustur. Bu rakamlar kiitlii ve lif
pamuk verimliliginde %96 ve %102 oraninda artisa karsilik gelmektedir
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Figure 3. Cotton productivity (kilograms per decare)
Sekil 3. Pamuk verimliligi (dekar basina kilogram) (TUIK , 2019a)
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Sekil 4’te Tiirkiye geneli i¢in pamuk kilogram fiyatlar1 verilmistir. Burada reel fiyatin elde edilmesi icin TUFE
(2010=100) degerlerinden yararlanilmstir. Grafikte goriildiigii iizere Tiirkiye’de kilogram bagina pamuk cift¢inin elde
ettigi meblag 2004 yilina kadar nominal olarak artmustir. Fakat 2004-2009 yillarinda nominal pamuk fiyat1 yatay bir
seyre sahiptir. 2010 ve 2011 yillarinda ise dnemli fiyat artighilar: yasanmistir. 2018 yilina iliskin pamuk fiyat ise 2.38
lira olmustur. Sekilde ifade edilen pamuk reel fiyat serisinin seyrine bakildiginda ise 2009 &ncesi yillarda genel olarak
negatif bir egimin oldugu goriilmektedir. Bu durum Tiirkiye’de pamuk iireticisi i¢in, kilogram bagina elde ettigi parasal
miktarm TUFE cinsinden &lgiilen hayat pahalilig: karsisinda degerinin azaldigimi géstermek gibi dezavantajh bir
durumu ifade etmektedir. 2009 ve 2010 yillarinda nominal fiyatta oldugu gibi reel fiyatta da onemli artislar olmustur.
Fakat 2011 yilindaki diislisten sonra reel fiyat diizeyi yatay bir seyir gostermistir. Bu durum belirtilen yillarda nominal
pamuk fiyatindaki artislarm yaklasik olarak TUFE enflasyonu diizeyinde oldugunu gostermektedir. 1991 ve 2018
yillarma ait reel fiyatlar karsilagtirldiginda bu fiyatin yaklagik olarak %48 oraninda azaldif1 ortaya ¢ikmaktadir. Bu
durum Sekil 3’te gosterilen dekar basma kilogram cinsinden 6lgiilen verimlilik degerlerinin ayn1 dénemde yaklasik
olarak %100 artmasi ile birlikte degerlendirildiginde ¢ift¢inin dekar basina elde ettigi reel gelirde pek bir degisikligin
olmadig1 anlagilmaktadir.
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Figure 4. Cotton prices
Sekil 4. Pamuk fiyatlar (TUIK , 2019b)

2.2. Ekonometrik Yontem

2.2.1. Koyck yaklasimu

Tarim triinlerinin liretiminde iireticilerin miktara iligkin kararlar1 Giriintin cari dénem fiyatinin yani sira daha
onceki donemlerdeki fiyatlarindan da Onemli derecede etkilenebilmektedir. Cari donem fiyati da gelecek
donemlerde yetistirilmesi planlanan iiriin miktarina iligkin kararlarda etkili olmaktadir. Bu sekilde iiriine ait cari
donem fiyatin yani sira gegmis donem fiyatlarin, bagka bir ifade ile fiyatlarin gecikmeli degerlerinin de iiretim
miktar lizerinde etkili oldugu durumlarda iretim miktarlarina iliskin yapilan tahminlerde gecikmesi dagitilmig
modeller yaygin sekilde kullanilmaktadir. Bu ¢alismada Tiirkiye’de pamuk iiretim miktarina iliskin yapilan
tahminler de gecikmesi dagitilmis modellerden olan Koyck yaklasimi gergevesinde yapilmistir. Bu yaklagim
asagida ifade edilen tek agiklayici degiskenli gecikmesi sonsuz dagitilmis modelden hareketle aciklanabilir
(Gujarati ve Porter, 2012) :

Ve = a+ Boxe + Pixe—q + PaXe—z + -+ U (Es.1)

Esitlikte goriildiigli gibi y, degiskeni x; degiskeni ve sonsuz sayidaki gecikmesi ile agiklanmaktadir.
Koyck(1954) 1 numarali esitlikle gosterilebilen gecikmesi sonsuz dagitilmis modelde yer alan biitin S
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katsayilarinin ayni igaretli oldugunu ve bu katsayilarin geometrik bir sekilde esitlik 2'de ifade edildigi gibi
azaldigini varsaymustir:

:8’( = :BO)\k k= Or 11 (ESZ)

Burada A gecikmeli degiskenlere ait katsayilarin azalma orani olup 0 < A < 1°dir. 1 — A ise uyarlama hizin
ifade etmektedir. A katsayisinin 1°den kiigiik olmasi her sonraki gecikmeye ait § katsayisinin 6ncekinden diisiik
olmasina neden olmaktadir. Koyck modelinde ortalama gecikme siiresi ise 1/(1 — A) seklinde hesaplanmaktadir.

Koyck (1954), once gecikmesi sonsuz dagitilmis modelde S katsayilara iliskin yukaridaki déniistimii
gerceklestirmistir. Bu durumda 1 numarali esitlikle gosterilen model asagidaki sekilde (Es.3) ifade edilebilir:

Ve = a + BoA%xp + BoAlx,_q + LoA’xi_y .+ U, (Es.3)

Ardindan bu modelin bir donem gecikmeli degerleri i¢in olusturmus formunu A ile ¢arparak ikinci bir denklem
(Es.4) olusturur:

Ayt—l = Aa + Bo)\lxt_l + ﬁolzxt_z + Bolgxt_‘v, ot /‘{ut_l (ES.4)

Son olarak 3 ve 4 numarali esitliklerin farkini kullanarak Koyck modeli olarak bilinen asagidaki modele ulagir
(Es.5):

Ye=a(l =)+ Box; + Aye_1 + v, (Es.5)

Goriildiigt tizere 5 numaral esitlikte agiklayici degisken olarak 1 numaral esitlikle ifade edilen gecikmesi
sonsuz dagitilmig modeldeki bagimsiz degiskenin kendisi yani x; ve bagimli degiskenin bir donem gecikmesi yani
Y¢—1 yer almaktadir.

2.2.2. Panel veri sabit etkiler modeli

Bu caligmada Tiirkiye’de pamuk iiretim miktari i¢in yapilan tahmin panel veri seti kullanilarak yapilmustir.
Panel veri model se¢im testleri sonucunda sabit etkiler modelinin kullanilmasina karar verilmistir. Tiirkiye’de
pamuk iiretim miktar1 ve fiyatlarina ait 1991 yil1 6ncesi verilerine iligkin erigsim sorunlar1 veya bu verinin mevcut
olmamasindan dolayr sinirhi gézlem sayis1 dikkate alindiginda zaman serisi yontemlerine nispeten panel veri
yontemlerinin 6nemli avantajlari ortaya ¢ikmaktadir. Pamuk yetistirilen bir¢ok ile ait liretim ve ayn1 zamanda illere
gore farklilagsan fiyatlara iliskin verilerin mevcut olmasi panel veri yontemlerinin kullanilmasina olanak
saglamaktadir. Bilindigi gibi panel veri daha ¢ok gdzlem sayisina imkan verdiginden dolay1 daha cok bilgi
icermesi, daha degisken olmasi, agiklayici degiskenler arasinda ¢oklu dogrusaligin daha az olmasi, serbestlik
derecesinin daha yiiksek olmasi ve tahminlerin daha etkin ve giivenilir olmasi gibi bir¢ok avantaja sahiptir. Bunun
yan1 sira panel veri setine dayanan tahminlerde birimlerin ya da yatay kesitlerin birbirinden farkli olmalar1 yani
tiirdes olmamalar modellenebilmektedir.

Yukarida da ifade edildigi gibi bu ¢alismada panel veri sabit etkiler yontemi kullanilmistir. Panel veride farkli
birimler veya yatay kesitler mevcut oldugundan dolay1 her birime iliskin gézlemlenemeyen etkiler olabilir. Panel
veri tesadiifi etkiler modelinde bu gozlemlenemeyen etkilerin hata terimi gibi tesadiifi bir degisken oldugu
varsayilir. Bu durumda modele iligkin sabit terimin biiyiik bir ana kitleden tesadiifi olarak c¢ekildigi diigiiniiliir.
Sabit etkiler modelinde ise gbzlemlenemeyen etkilere her bir birime iligkin bir katsay1 ile modellenmektedir. Bu
nedenle sabit etkiler modeli kukla degiskenli en kiigiik kareler modeli olarak da bilinmektedir. [lave olarak tesadiifi
etkiler modelinde birim etkiler ile agiklayici degiskenlerin korelasyonsuz, sabit etkiler modelinde ise korelasyonlu
oldugu varsayilir. Tek agiklayici degisken igin sabit etkiler modeli asagidaki esitlik 6 ile ifade edilebilir:

Yie = a; + Bxye + wy; (Es.6)
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Burada i paneldeki birimleri, t ise donemleri gostermektedir. Her bir birime ait sabit terim birbirinden farkli
olabilecegi igin & parametresinin indisinde de i yer almaktadir. Yukarida ifade edilen model, birimlere iligkin i —
1 sayida kukla degiskenle tahmin edildiginden her bir birime 6zgii farkl sabit terime ulasilabilmektedir.

2.2.3. Birimler arast korelasyon ve duraganlik testleri

Model tahminine ge¢cmeden 6nce ¢alismada verilerin duraganlik 6zelliklerinin incelenmesi gerekmektedir.
Ciinkii panel veride de duragan olmayan serilerle yapilan tahminler yaniltici sonuglarin ortaya ¢ikmasina neden
olabilir. Panel birim kok testleri ise yatay kesitlerin korelasyonlu olup olmadigma iligkin farkli varsayimlar
icermektedir. Bu nedenle ¢alismada pamuk tiretim miktar1 ve pamuk fiyati degiskenleri i¢in birimler arasi
korelasyon Pesaran (2004) CD testi uygulanarak incelenmis ve test sonuglari dogrultusunda birimler arasi
korelasyonun varlig1 dikkate alinarak uygun birim kok testi kullanilmistir. Pesaran (2004) dengesiz paneller i¢in

Z_yN-1gN
N(N-1) i=1 j=it+1

/Tijpij istatistigini 6nermistir. Burada p;; korelasyon katsayilarmi, N yatay kesit sayisini
ve T;; ise korelasyon katsayisi hesaplanan gozlem sayisim gostermektedir.

Birimler arasi korelasyon test edildikten sonra ¢alismada pamuk iiretim miktar1 ve reel pamuk fiyatlar
degiskenlerinin duraganlk &zellikleri yatay kesit bagimliligini dikkate alan Pesaran (2007) panel birim kok testi
kullanilarak incelenmistir. Yatay kesit ADF (CADF) olarak bilinen bu teste ait temel modeller ADF (Genisletilmis
Dickey ve Fuller, 1981) birim kok testine ait modellere dayanmaktadir. Pesaran (2007) CADF testi temel
modelinde birimler aras1 korelasyon yatay kesit ortalamalarin gecikmeli degerleri ile modellenmektedir. Hata
terimlerinde, yatay kesit ortalamas1 gecikmeli degerine ve birinci farkina iliskin faktdr yapisinda otokorelasyon
sorununu gidermek amaciyla modele bagimli degiskenin ve yatay kesit ortalamalarinin farkinin gecikmeleri
eklenir. CADF temel modeli asagidaki esitlik 7 ile ifade edilebilir (Pesaran, 2007):

Ay =a; +biyieq +CiYeq + 27:0 dij Aye_; + Z?:l 8ijAYir—j + €t (Es.7)

Burada y, tim N sayidaki gdzlemin ortalamasidir. Duraganlik testinin sonuglari panelde yer alan her bir yatay
kesit igin belirlenen b katsayisina iligkin hesaplanan t istatisti§ine gore degerlendirilebilmektedir. CIPS istatistiki

ise bu t istatistiklerin ortalamasi seklinde (% YN | CADF;) hesaplanmaktadir. Teste ait hipotezler ise Hy: b; = 0

ve Hi:b; <0i=1,2,..,N;; b;=0i=N; +1,N; +2,..,N seklinde ifade edilebilir. Burada sifir hipotezi
paneldeki her bir birime ait verinin birim kok icerdigi ve alternatif hipotez ise en az bir panel birimi i¢in verinin
birim kdk icermedigini ifade etmektedir. Teste ait kritik degerler ise Pesaran (2007) ¢alismasinda bulunmaktadir
(Agazade, 2016).

2.2.4. Panel veri tahmin yonteminin segimi

Duraganlik incelemesinin ardindan Koyck yaklasimi cercevesinde Tiirkiye’de pamuk iiretim miktari igin
olusturulan model i¢in panel veri sabit etkiler ve tesadiifi etkiler yontemlerinden hangisinin uygun oldugunu
belirlemek amaciyla Hausman (1978) testi uygulanmistir. Daha dnce de ifade edildigi gibi tesadiifi ve sabit etkiler
modelleri arasinda birim etkiler ile agiklayici degiskenlerin korelasyonlu olup olmamasma iliskin fark
bulunmaktadir. Hausman (1978) testi de bu korelasyonun incelenmesine dayanmaktadir. Test istatistigi H =
(éf — 9r)’[(] (éf) -C (ér)]_léf — 0, seklinde ifade edilmektedir. Burada ,[;’f ve f3, sirasiyla sabit etkiler ve
tesadiifi etkiler modellerine ait katsayilardir. C (Bf) ve C(B,) ise ilgili modellerden elde edilen asimptotik varyans
kovaryans matrisleridir (Greene, 2016). Hausman (1978) testine ait sifir hipotezi modelin hata terimleri ile
aciklayic1 degiskenlerinin korelasyonsuz, alternatif hipotez ise korelasyonlu oldugunu ifade etmektedir. Bu
durumda sifir hipotezinin gecerli olmas1 durumunda tesadiifi etkili, alternatif hipotezin gegerli olmasi durumunda
ise sabit etkili model sonuglar1 gecerli olacaktir.

2.2.5. Sabit etkili modele iliskin temel varsayvmlarin incelenmesi

Hausman (1978) testi sonucglar1 dogrultusunda Tirkiye’de pamuk iiretim miktart i¢in Koyck yaklagimi
cercevesinde olusturulan model sabit etkiler yontemine gore tahmin edilmistir. Bu model i¢in birimler arasi
degisen varyans sorunu degistirilmis Wald, otokorelasyon sorunu Bhargava ve ark.’m (1982) Durbin-Watson
(DW, Baltagi ve Wu’'nun (1999) yerel en iyi degismezlik (LBI) testleri ile incelenmistir. Birimler arasi
korelasyonun incelenmesi ise daha once de bahsedildigi gibi Pesaran (2004) CD testine dayanmaktadir.
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~2_ 232
Degistirilmis Wald test istatistigi W = Z?’ﬂ_(alv(;_)
L

seklinde hesaplanmakta olup teste ait temel hipotez hata

terimlerinin varyansinin panel birimlerine gore sabit oldugunu ifade eder. Kiigiik standart sapmalara ve etkinlik
sorununa neden olan otokorelasyon incelemesi i¢in hesaplanan DW ve LBI test istatistiklerinin ise 2’den kiiciik
olmas1 durumu pozitif otokorelasyon sorununun varligina isaret eder (Baltagi, 2013; Tatoglu, 2012).

Koyck yaklagimi gercevesinde pamuk iiretim miktar1 modelinin sabit etkiler yontemine gore yapilan tahmini
icin birimlere gdre degisen varyans ve birimler arasi korelasyon sorunlarmin oldugu goriilmiistiir. Bu nedenle
caligmada belirtilen sabit etkiler modeli degisen varyans, otokorelasyon ve yatay kesit bagimlilig1 problemlerinin
varliginda direngli tahminciler veren Driscoll ve Kraay’in (1998) yaklagimi kullanilmustir. Driscoll ve Kraay
(1998), metodolojisi yatay kesit ortalamalari serisi icin Newey-West tiirii diizeltme yaparak kovaryans matris
tahmincilerinin tutarlilifini garantilemektedir (Tatoglu, 2012).

2.3. Veri Seti

Tiirkiye’de pamuk iiretim miktari ile pamuk fiyatlar1 arasindaki iligkinin incelendigi bu ¢alismada panel veri
seti kullanilmistir. Veri seti, pamuk yetistirilen 19 ile ait ton cinsinden yillik kiitlii pamuk tiretim miktarlar1, kiitli
pamugun ayni illere ait kilogram fiyatlar1 ve bu fiyatlarin reel doniistimlerini saglamak amaciyla kullanilan Tiirkiye
geneline ait TUFE (2010=100) degerlerinden olusmaktadir. Calisma kapsamindaki iller Adana, Adiyaman,
Antalya, Aydin, Balikesir, Batman, Denizli, Diyarbakir, Gaziantep, Hatay, Kahramanmaras, Manisa, Mardin,
Mersin, Mugla, Siirt, [zmir, Sanlurfa ve Sirnak’tir. Arastirma dénemi 1991-2018 yillarin1 kapsamaktadir. illerde
yetistirilen pamuk iiretim miktarlarinin ve fiyatlarinin bazi yillara ait verileri bulunmadigindan ¢alismada yapilan
tahminler dengesiz panel veriye dayanmaktadir. Pamuk iiretim miktar1 ve fiyatina ait veriler TUIK Bitkisel Uretim
Istatistikleri ile Tarimsal Fiyat ve Ekonomik Hesaplar veri tabanlarindan alinmistir (TUIK, 2019 b,c).

Yukarida da ifade edildigi gibi bu ¢alismada, hayat pahaliligmin bir gostergesi olarak TUFE kullanilarak
pamuk fiyatlarinin reel doniistimleri yapilmis ve pamuk iiretimi i¢in miktar ve fiyat iliskisi analizinde reel pamuk
fiyatlar kullanilmistir. Burada amag, o6zellikle yiiksek ve degisken enflasyonun yasandigi dénemlerde, fiyatlar
genel diizeyindeki degismeleri hesaba katmadan belirli bir {irliniin fiyatinda ortaya ¢ikan degisimlerin, bu {irlinii
arz ve talep edenlerin kararlarinda etkili olacak derecede 6nemli bir bilgiyi ifade etmemesi gibi bir sorunun
iistesinden gelmektir. Bu ¢aligmada, 1991-2018 olmak iizere 29 yillik bir déneme ait veri kullanilmistir. 1990’1
yillarda Tiirkiye’de enflasyon oranlari hayli yiiksek olmustur. 2000’1 yillarda ise bu oranin tek haneli rakamlara
indigi gézlemlenmistir. Fiyatlar genel diizeyindeki veya hayat pahaliligindaki artisin bu sekilde degisken oldugu
bir dénemde belirli bir {iriin i¢in iiretim miktar1 ve fiyat iliskisi incelenirken analizlerde nominal fiyatlarin
kullanilmast yaniltici veya pek de bir bilgi ifade etmeyen sonuglarin elde edilmesine neden olabilir. Clink{i mallarin
iiretim veya talep miktarina iligkin verilen kararlar, nominal fiyatlardan ¢ok nispi yani mallarin diger mallar
cinsinden fiyatlarina ya da reel fiyatlarina gore verilebilmektedir. Bu nedenle, calismada pamuk i¢in enflasyondan
arindirilmis ya da reel doniisiimii yapilmis fiyat serisi olusturulmus ve iiretim miktar1 ve fiyat iliskisine yonelik
analizlerde bu seri kullamilmustir. Reel fiyatlari elde etmek igin TUFE(2010=100) degerlerinden yararlanilmis olup
bu seri (nominal fiyat = 100/TUFE) seklinde hesaplanmustir. Boylelikle 2010 yili pahalilik diizeyi ile
hesaplanan pamuk fiyat serisi elde edilmistir.

3. Arastirma Sonuclari ve Tartisma

3.1. Birimler arast korelasyon ve birim kok testlerine ait sonuclar

Calismada ton cinsinden pamuk iiretim miktar1 kilogramla ifade edilerek analizlerde logaritmik degerleri
kullantilmistir. Ayrica illere ait kiitlii pamuk kilogram fiyatlari ile TUFE degerleri kullanilarak pamuk igin reel
fiyat degiskeni olusturulmustur.

Pamuk iiretim miktar1 logaritmik serisi (LQ) ve reel pamuk fiyatlar: serisi (RP) i¢in panel birimleri arasinda
yatay kesit bagimliliginin incelendigi Pesaran (2004) CD testi ve ikinci nesil panel birim kok testlerinden Pesaran
(2007) CADF testi bulgular1 Tablo 2’de verilmistir. Tabloda da ifade edildigi gibi her iki degisken igin CD test
istatistikleri panel birimlerinin korelasyonsuz oldugunu ifade eden sifir hipotezini %1 anlamlilik diizeyinde
reddetmektedir. Tabloda ayni zamanda her iki degisken i¢in birimler arasi ortalama korelasyon katsayis1 da
verilmistir. Buna gore LQ degiskeni icin aragtirmaya dahil edilen iller arasinda %21.6 ve RP degiskeni i¢in %90.4
pozitif korelasyon mevcuttur. CD testi sonucuna dayanarak ¢alismada uygulanan Pesaran (2007) CADF ikinci
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nesil birim kok testine ait Tablo 2’de ifade edilen istatistikler de anlamli bulunmustur. LQ degiskeni icin CADF
istatistigi paneldeki her bir birime ait verinin birim kok igerdigini ifade eden sifir hipotezini %5, RP degiskeni igin
ise %1 diizeyinde reddetmektedir. Bu sonuglara dayanarak Koyck yaklasimi ¢er¢evesinde pamuk iiretimi igin
yapilan tahminlerde degiskenlerin seviye degerleri kullanilmugtir.

Tablo 2. Birimler arasi korelasyon ve panel birim kok testine ait sonucglar

Table 2. Cross-sectional correlation and panel unit root test results

CD Korelasyon CADF
LQ 14.8389%* 0.216 -1.939%*
RP 60.1011* 0.904 -9.532%*

Not: * ve ** simgeleri ilgili istatistigin sirasiyla %1 ve %S5 diizeyinde almali oldugunu gosterir.

3.2. Tiirkiye’de pamuk icin Koyck yaklasimi panel veri tahmin sonuclar

Tiirkiye’de pamuk iiretimi i¢cin Koyck modeli ¢ercevesinde olusturulan model asagidaki Esitlik 8 ile ifade
edilebilir:

LQiy = a+ BLP; +yLQiy—1 + vy (Es.8)

Bu model i¢in Hausman (1978) testi x? istatistigi 54.9978 olarak bulunmustur. Bu istatistik modelin hata
terimlerinin ve agiklayici degiskenlerinin korelasyonlu olmadigini ve dolayisiyla tesadiifi etkiler modelinin gegerli
oldugunu ifade eden sifir hipotezini %1 anlamlilik diizeyinde reddetmektedir. Bu sonuca dayanarak yukarida ifade
edilen model sabit etkiler yontemine gore tahmin edilmistir.

Fakat bu tahmin sonuglarina gegmeden 6nce modelde panel birimlerine gore degisen varyans, otokorelasyon
ve birimler aras1 korelasyon sorunlar incelenmistir. Degisen varyans i¢in degistirilmis Wald test istatistigi %1
diizeyinde istatistiksel olarak anlamli ve 1049.10 bulunmustur. Bu bulgu modelde birimlere gore degisen varyans
sorununun varligina isaret etmektedir. Otokorelasyon sorununun incelenmesi i¢in hesaplanan DW ve LBI
istatistiklerinin sirasiyla 1.8684 ve 2.0720 oldugu goriilmiistiir. Bu istatistiklerin 2’ye yakin degerde olmasi ciddi
otokorelasyon sorununun olmadigina isaret etmektedir. Birimler arasi korelasyonu test etmek icin hesaplanan
Pesaran (2004) CD istatistigi ise 15.218 ve %1 diizeyinde istatistiksel olarak anlamli ¢ikmistir. Dolayisiyla CD
istatistigi model icin yatay kesit bagimliliginin varligina isaret etmektedir. Pamuk iiretim miktar1 i¢in sabit etkiler
modeli temel varsayimlarina iliskin test sonuglar1 birimlere gore degisen varyans ve birimler arasi korelasyona
isaret ettiginden sabit etkiler modeline iligskin tahminde Driscoll ve Kraay (1998) direngli standart hatalar1 dikkate
almmustir.

Tiirkiye’de pamuk iiretimi i¢in Koyck yaklagimi ¢ercevesinde sabit etkili modelin tahmin sonuglar1 Tablo 3’te
sunulmustur. Yapilan tahmin veride bazi gozlemlerin bulunmamasi ve bagimli degisken gecikmesinin neden
oldugu veri kaybindan dolay1 488 gozleme dayanmaktadir. Tablodan da goriildiigii iizere RP degiskenine ait
katsay1 pozitiftir. Bu katsaymin degeri 0.2074 ve ¢ istatistigi %1 diizeyinde anlamlidir. Bagimli degiskenin bir
donem gecikmesi yani LQ(—1) degiskeni i¢in bulunan katsay1 degeri ise 0.8330’dur. Bu katsay1 igin 7 istatistigi
de %1 diizeyinde anlamlidir. Modele ait F istatistigi anlamli ve R? degeri yaklasik olarak %94 diizeyinde olmustur.
RP ve LQ(—1) degiskenlerine ait tahmin edilen katsayilar su sekilde degerlendirilebilir. Pamuk reel fiyatlarinda 1
liralik bir degisme pamuk {iretim miktarm1 ayn1 yonde yaklasik olarak %20.74 oraninda etkilemektedir. Reel
pamuk fiyatina iligkin ortalama degerin 1.5177 olmasi dikkate alindiginda bu durum, pamuk reel fiyatinda %1
oranindaki bir degisimin pamuk iiretiminde ayn1 yonde %0.32’lik bir degisime neden oldugu seklinde de ifade
edilebilir. Pamuk tiretim miktarinda 6nceki yil ortaya ¢ikan %1°lik degisme cari yildaki miktar1 ayn1 yonde ve
yaklasik olarak %0.83 oraninda etkilenmektedir.

Tiirkiye’de pamuk {iretim miktar i¢in panel veriye gore Koyck yaklagimi gergevesinde yapilan ve Tablo 3’te
verilen tahminin ardindan Pamuk iiretim miktar1 i¢in gecikmesi dagitilmis modelin tahminine gecilmistir. Burada LQ
degiskeni RP ve gecikmelerinin bir fonksiyonu olarak tahmin edilmistir. Sabit etkilere gore tahmin edilen bu modelde
optimal gecikme uzunlugu Schwarz bilgi kriterine gore 2 olarak belirlenmistir. Gecikmesi dagitilmig modele iliskin
tahmin sonuglari ise Tablo 4’te verilmistir.
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Tablo 3. Tiirkiye’de pamuk iiretimi icin Koyck yaklasimi tahmin sonuclari

Table 3. Koyck approach estimation results for cotton production in Turkey
Drisc/Kraay

Katsay1 Std. S t istatistigi p degeri
RP 0.2074 0.0553 3.75 0.001
LQ(-1) 0.8330 0.0472 17.65 0.000
Sabit 2.6527 0.8653 3.07 0.007

Tablo 4. Tiirkiye’de pamuk iiretimi icin gecikmesi dagitilmis model tahmin sonuclart

Table 4. Estimation results of distributed lag model for cotton production in Turkey
Drisc/Kraay

Katsay1 Std. S. t istatistigi p degeri
RP 0.1188 0. 1251 0.95 0.355
RP(—1) 0.1679 0. 0727 2.31 0.033
RP(-2) 0.1670 0.1075 1.55 0.138
Sabit 17.0830 0.2412 70.82 0.000

Tablodan da goriildiigli lizere tahmin edilen modelde RP degiskeni ve tiim gecikmelerine ait katsayilar
pozitiftir. Modelde yer alan aciklayici degiskenlerden RP(—1)’e ait katsayilar %5 diizeyinde istatistiksel olarak
anlamli bulunmustur. Modele ait R? degeri Koyck modeli ile karsilastinldiginda daha diisiik ve yaklasik
olarak %81 oldugu goriilmiistiir. Daha 6nce de ifade edildigi gibi gecikmesi dagitilmis modelin tahmini dnemli
miktarda gézlem kaybina neden olmaktadir. Sonuglart Tablo 4’te sunulan gecikmesi dagitilmig model 430 gézleme
dayanmaktadir. Bunun yan sira RP degiskenine ait gecikmelerin modelde yer almasi ¢oklu baglanti sorunlarina
neden olabilir. Bu nedenle pamuk iiretim miktarinin cari ve ge¢mis yillara ait reel fiyatlara gére tahmininin 7ablo
3’te ifade edilen Koyck yaklasimi katsayilarinin kullanilmasi ile 2 numarali esitlik yardimiyla yapilmasi dnemli
avantajlar saglamaktadir. Bu durumda cari y1l ve 2 yil gecikmeli reel fiyatlara iliskin katsayilar asagidaki gibi olur:

Bo = A°B, = 0.8330°  0.2074 = 0.2074
By = A1B, = 0.8330! * 0.2074 = 0.1728
B, = A28, = 0.83302  0.2074 = 0,1439

Bu durumda Tiirkiye’de pamuk iiretim miktar1 i¢cin Koyck yaklasimina dayanan gecikmesi dagitilmis model
de asagidaki esitlik 9 sekilde yazilabilir:

LQ; = 2.6527 + 0.2074RP,, + 0.1728RP;,_, + 0.1439RP;,_, (Es.9)

Buna gore reel pamuk fiyatinda yani meydana gelen 1 liralik bir degisme pamuk {iretimini ayni yil %20.74
oraninda ve ayni yonde etkilemektedir. Reel pamuk fiyatindaki bu degisme 1 ve 2 yil sonraki iiretimi ise
strastyla %17.28 ve %14.39 oraninda etkilemektedir. Pamuk reel fiyatina ait ortalama deger dikkate alindiginda
cari yil, 1 ve 2 yil oncesine ait fiyattaki %1°lik degisimin etkisi ise sirasiyla %0.31, %0.26 ve %22 olarak
hesaplanmaktadir. 1/(1 — A) seklinde hesaplanan reel fiyat degismelerinin tiretim miktarina yansimasini ifade
eden ortalama gecikme siiresi ise 4.99 y1l olarak bulunmaktadir.

4. Sonug¢

Bu ¢alismada pamuk tiretim miktar1 ile reel pamuk fiyatlar1 arasindaki iligki Tiirkiye’nin 19 ilinin 1991-2018
yillarina ait veriler kullanilarak incelenmistir. Calismada 6ncelikle arastirma doneminde {iretim miktari, ekili alan,
verim ve fiyat serilerinin seyirleri incelenmistir. Pamuk reel fiyatlar1 ve ekili alan gostergelerinin seyri reel fiyatlarda
1990’1 yillarn ikinei yarisinda énemli diisiislerin oldugunu ve ekili alanlarin da fiyat diistislerini takiben 2000’li
yillarla birlikte azaldigim gostermektedir. Fakat verim artigindan dolayi, ekili alanlardaki azalma bu déonemde iiretim
miktarina yansimamuistir.

Caligmanin amaci dogrultusunda ise dncelikle Pesaran (2004) CD testi kullanilarak pamuk {iretim miktari ve reel
pamuk fiyatlar serileri i¢in panel birimleri (iller) arasinda yatay kesit bagimlilig1 incelenmistir. Bu teste ait bulgular
her iki degisken icin yatay kesit bagimliligina isaret etmekte ve farkl illere ait iiretim degerlerinin ve reel fiyat
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degiskenlerinin korelasyonlu oldugunu gostermektedir. Yatay kesit bagimliligin incelenmesinin ardindan ¢aligmada
birimler arasi bagimliligi modelleyen Pesaran (2007) panel birim kok testi araciligi ile degiskenlerin duraganlik
ozellikleri incelenmistir. Bu test ait bulgular her iki degiskenin seviyesinde duragan oldugunu desteklemistir. Bu durum
iiretim miktar1 veya reel pamuk fiyatin1 etkileyen digsal soklarin etkilerinin gegici oldugunu, serilerin uzun dénem
diizeylerine donme egilimi gosterdigini ifade etmektedir. Duraganlik incelemesinin ardindan panel veri model secim
testleri uygulanarak Tiirkiye i¢in pamuk iiretim miktari igin olusturulan model Koyck yaklagimi ¢ercevesinde panel
veri sabit etkili modele gore tahmin edilmistir. Koyck yaklasimi ¢ercevesinde elde edilen sonuglar pamuk iiretim
miktarinm reel fiyat esnekliginin diisiik ve fiyat degismelerinin {iretim miktarma yansimasi igin gegmesi gereken
ortalama siirenin uzun oldugunu gostermistir. $oyle ki reel pamuk fiyatlarinda ortaya ¢ikan %1°lik bir degisme cari y1l
tiretimini yaklasik olarak %0.31 oraninda ayni yonde etkilemektedir. Reel pamuk fiyatlarinda 1 ve 2 yil dnce ortaya
cikan %1’lik degismeler ise iiretim miktarmi sirastyla %0.26 ve %0.22 oraninda ve fiyat degisimleri ile ayn1 yonde
etkilemektedir. Fiyatlarda ortaya ¢ikan degismelerin iiretim miktarma yansimasi igin gereken ortalama siirenin ise 4.99
yil oldugu bulunmustur.

Elde edilen sonuglar, pamuk {iretiminin fiyat esnekliginin diisiik olduguna ve firetim miktarinin fiyat
degisikliklerine uyum gosterme siirecinin ise dnemli derecede uzun olduguna isaret etmektedir. Ozellikle girdi
maliyetlerinde artiglarin ve arz kosullarinin gelistirilmesini engelleyen kisitlarin neden olabilecegi bu durum dikkate
almdiginda iretim miktarinm artirlmasina yonelik fiyat merkezli yaklagimlarm 6nemli bir basari saglamayacag:
diisiiniilmektedir. Bunun yam sira, tarim sektoriiniin genelinde karsilagildigi gibi pamuk tiretiminde de istthdamin,
ozellikle geng istihdammnm diisiik sosyal statii ile iligkilendirilmesinin de fiyat ve iiretim miktar iligkisinin zayif
kalmasinda etkili oldugu diisiinilmektedir.
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Long-term Water Productivity of Maize (Zea mays L.) From Limited Irrigation
Conditions under Moderate Semi-arid Environment

Abolfazl NASSERI

Abstract

Crop production has a correlation with the applied water in moderate semi-arid conditions. Due to temperature
and rainfall changes enhancing water productivity in crop production are needed for a limited resource conditions.
In this study, maize (Zea mays L.) yields measured in fields during 11 years from 2005-2006 to 2015-2016 were
compared with those simulated by the Agro-ecological Zone method under moderate semi-arid environment
located at the north west of Iran with a soil texture of loamy-clay. Different research scenarios involving actual
evapotranspirationc (ETa) to potential (ETm) value (ETa/ETm= 100%, 90%, 80%, 70%, 60%, 50% and 40%)
under different water application efficiencies (Ea) of 40%, 50%, 60%, 70%, 80%, 90% and 100% were
considered in the present study. Research scenarios affected yield and water productivity of maize. To produce
potential yield of maize of 10084 kg ha™! under water application efficiency of 100, 90, 80, 70, 60, 50 and 40%,
irrigation water requirements were respectively 4683, 5203, 5854, 6690, 7805, 9366, 11708 m* ha! and water
productivity were respectively 2.15, 1.94, 1.72, 1.51, 1.29, 1.08, 0.86 kg m™. Results confirmed that water
productivity of maize was from 1.22 to 1.52 kg m™ with an average of 1.38 kg m™ during 11 years under water
application efficiency of 68%. Because measured yield ranged from 3800 to 6971 kg ha! with an average of
5345 kg ha'!' and water applied was from 3125 to 4584 and averaged 3836 m> ha'!. It is suggested that limited
irrigation could be applied to enhance water productivity in maize production under such moderate semi-arid
environment.
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1. Introduction

Maize (Zea mays L.) is one of the most important irrigated crop which is cultivated throughout the world
and its grain is consumed by human and animal (Giines and Fatih, 2019). Annual maize production is about 820
million ton over the world (FAO, 2011). Maize yield has positive response to sufficient irrigation water in the
field. Its root system is relatively thin, it is therefore sensitive to water insufficiency stress (El-Hendawy et al.,
2008). Maize irrigation scheduling depends on rate of root deepening. The rate of root deepening is 25 mm day”
! and the effective rooting of this crop reaches to 280 cm at the maturity time (Hsiao et al., 1976). Laboski et al.
(1998) reported that about 94% of total maize root length distributed within 60 cm of the soil surface and about
85% of root length was within 30 cm.

Deficit irrigation method is one of the common strategies for producing crops under water deficit and
limitation conditions in the arid and semi-arid environments over of the world. Deficit irrigation efficiency in
crop production is evaluated by an index known as water productivity (WP) that is crop yield from applying 1
m?® of irrigation water (Foley et al., 2020; Katerji et al., 2013). This index was considerably applied in crop
irrigation researches in irrigated farms (Abadi et al., 2010; Bramley et al., 2013; Du et al., 2010; Fang et al.,
2010; Guo et al., 2010; Li et al., 2010; Zhang et al., 2010; Nasseri and Bahramloo, 2009; Nasseri and Fallahi,
2007; Zamani and Nasseri, 2008). This index is defined the as the ratio of crop yield to the crop
evapotranspiration or water used in crop production (Nasseri and Fallahi, 2007; Ezenne et al., 2019; Foley et al.,
2020). According to the report of Hamdy et al. (2003), increasing WP is an essential priorities in the agricultural
production systems under both conditions of irrigated and rainfed production systems. Davis and Hagood (1961)
found that the highest water productivity in maize production were attained with an actual evapotranspiration
(ETa) lower than the potential rate (ETp) and, the highest water productivity was consequently obtained at 90%
of the potential yield (Yp). Foley et al. (2020) reported that enhancing crop yield without application of more
water, and/or decreasing irrigation water with sustaining yields are methods to improve water productivity.

Crop yield has a significant correlation with actual evapotranspiration (ETa) and consequently irrigation
water. The relation between crop production and irrigation water known as water production function. While,
relation between crop production and actual evapotranspiration known as crop water production function
(Kipkorir et al., 2002). Previous studies showed that maize yield is a linear function of irrigation water or seasonal
evapotranspiration (Gilley et al., 1980; Payero et al., 2006; Klocke et al., 2004; Stone, 2003). According to the
Kipkorir et al. (2002) in full and with non-deficit irrigation conditions, water production function in non-linear
(a second or third order polynomial) indicating that some of the irrigation water was lost as deep percolation
from crop root zone. While for limited irrigation condition, application of crop water production function with
linear form is very advantageous and applicable which proposed by Doorenbos and Kassam (1979).

Researches confirmed that in maize production tasseling and silking stages are very sensitive to the water
insufficiency stress under semi-arid conditions (Robins and Domingo, 1953; Denmead and Shaw, 1960; Musick
and Dusek, 1980; Eck, 1984; Johnson et al., 1987; Rhoades and Bennett, 1990; Lamm et al., 1995). Robins and
Domingo (1953) reported that soil moisture depletion to the wilting point at tassel or pollination stages of maize
for a week reduced yield as 50% and for one to two days by 22%. Moreover, Denmead and Shaw (1960)
explained that moisture deficit stress at silking stage of maize reduced yield 50%, whereas such stress during the
vegetative stage and after silking stages decreased yields about 23%. Musick and Dusek (1980) reported that
moisture deficit stress during grain filling stage was more injurious than moisture stress during vegetative growth
stage in maize production, whereas moisture deficit stress during tasseling and silking to be the most injurious.
About two and four weeks of moisture deficit stress during the vegetative stage of maize reduced its yields up to
23 and 46%, respectively (Eck, 1984). Soltanbeigi (2019) reported that the largest damage from water stress was
during stages of tasseling and stalking. Also, irrigated maize responded as well to midseason irrigation as it did
to more frequent irrigations at 50% soil moisture depletion (Johnson et al., 1987). Limited irrigation strategies
generally reduce maize yield according to the findings of Rhoades and Bennett (1990) and Lamm et al., (1995).
In this method, crop is irrigated with available water less than potential evapotranspiration (ETp) to obtain
optimum yield.

Additionally, Darusman et al. (1997) reported that drip irrigation method resulted in near-potential maize
yield and reduced deep percolation losses beneath the root development zone when irrigation and rainfall was
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totally 75% maize evapotranspiration. Moreover, Norwood (2000) reported that plant population some
production inputs management systems such as irrigation and fertilizer significantly increased yields above those
of dryland maize. A single irrigation at the tassel stage along with 112 kg N ha™! increased yield with an average
of 29%. While, two and three irrigations in combination with increased N rates and plant populations increased
yields about 12%. Note that, two irrigation events were applied at the tassel and dough stage of grain fill and
three events were at the 9 to 10 leaf stage; and at tassel and dough stage of grain fill of maize production. Limited
Irrigation such as every other- furrow irrigation method is one of the effective strategies to save agricultural
water, while application efficiency in conventional furrow irrigation is less than every other-furrow irrigation.

Research findings show that to produce a similar maize yield, furrow irrigation by every other method with
interval of 4 day consumed less water than 7 day interval. In terms of economic analysis the every other method
is profitable, as well (Khajeabdollahi and Sepaskhah, 1996).

Water productivity of maize was investigated by researchers over the world under different conditions of
irrigation treatments, fertilizers rates and crop populations (Howell et al., 1995; Al-Kaisi and Yin, 2003; Karam
et al., 2003; Payero et al., 2008; Katerji et al., 2010; EI-Wahed and Ali, 2013; Katerji et al., 2013). But research
of WP under unusual conditions for actual evapotranspiration in moderate semi-arid environment was not
accomplished. Therefore, the main objectives of this study was to investigate the effect of different ETa/ETm on
maize yield and water productivity with different water application efficiencies (Ea) of 40% to 100% under
moderate semi-arid environment; and to compare maize yields measured from fields during 11 years from 2005-
2006 to 2015-2016 with those simulated by the Agro-ecological Zone method; and to acquire water production
function for full and limited irrigation conditions.

2. Materials and methods

2.1. Site description

The present study was conducted on the farms with moderate semi-arid conditions at the north west of Iran
with latitude 39°39° N, longitude 47° 55’ E and 31.9 m above mean sea level. The region soil was clssified from
loamy-clay with wilting point (PWP), field capacity (FC) and acidity (pH) of 16%, 25.4% and 7, respectively to
clay-loam with average WP, FC, and pH of 22.36%, 31.51% and 7.2, respectively. Studied region at the north
west of Iran is shown by Figure 1.
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Figure 1. Studied region (Moghan plain) for evaluation of yield and water productivity of maize at the
north west of Iran.

Meteorological data such as air temperature and rainfall were obtained from meteorological station located
at near of the farms with abovementioned latitude and longitude. The highest and lowest air temperature during
the growing seasons of maize ranged from 10 to 30 °C and 0 to 16 °C, respectively. Maize evapotranspiration
(ETp) was 468 and annual rainfall 277 mm with effective rainfall of 50+7 mm. Based on long-term
meteorological data of vapor pressure deficit, wind function and net radiation, reference evapotranspiration (ETo
in mm month™') was estimated with Penman’s method under standard conditions for maize production. The
potential evapotranspiration (ETp in mm month™!) for maize was subsequently acquired by reference
evapotranspiration and crop coefficient. Maize yields obtained from farms in the region for 11 years from 2005-
2006 to 2015-2016 (Golizadeh et al., 2014). Results were compared with the simulated yields by the methods of
Doorenbos and Kassam (1979).
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2.2.8tudy scenarios

Different research scenarios involving actual evapotranspiration to potential value (ETa/ETm= 100%, 90%,
80%, 70%, 60%, 50% and 40 %) under different water application efficiencies (Ea) of 40%, 50%, 60%, 70%,
80%, 90 and 100% were considered in the present study. The potential yield of maize was determined by the
Agro-ecological Zone method (Doorenbos and Kassam, 1979). Index of water productivity (WP) from each
scenario was subsequently estimated by the following relation. The potential yield of maize was determined by
the Agro-ecological Zone method (Doorenbos and Kassam, 1979). Index of water productivity (WP) from each
scenario was subsequently estimated by the following relation (Eq.1).

WP (kg m™) = Maize yield (kg ha™') / Water applied (m? ha™!) (Eq.1)

2.3. Maize yield and evapotranspiration relation

Preceding studies showed that maize yield is a linear function of seasonal evapotranspiration (Gilley et al.,
1980; Payero et al., 2006; Klocke et al., 2004; Stone, 2003). Also, the linear relationship between relative crop
yield (Ya/Ym) and relative maize evapotranspiration (ETa/ETm) as the following relation developed by
Doorenbos and Kassam (1979) for the first time. Recently, Siiheri et al. (2020) related crop yield to the
evapotranspiration (Eq.2):

Ym-Ya ETm-ETa
=K (Eq.2)
( Ym ) y( ETm )

Where Ya is the actual maize yield (kg ha™') from ETa (m?) and Ym is the potential maize yield (kg ha™)
from ETm (m®); and ETa and ETm are respectively actual and potential maize evapotranspiration during growing
season. Moreover, Ky is crop yield response factor that depends on crop growth stage and irrigation management.
Ky was 0.40, 0.9, 0.50, 0.2 and 1.25 for vegetative, flowering, yield formation, ripening and total growing stages
in maize production (Doorenbos and Kassam, 1979). The Agro-ecological Zone method was applied to simulate
maize potential yield for a Moderate semi-arid environment at the north-west of Iran (Doorenbos and Kassam,
1979). Maize variety was Single cross 704 with rooting depth of 20 cm (week 0-4) and 80 cm (week 9-20) which
seed planting and end dates were from 1 April to 30 July. Yield was harvest at maturity stage when seed moisture
was 11- 13%. Maize farms were irrigated by furrow irrigation system with intervals of 7 days and water
application efficiency of 68% (Abbasi et al., 2016).

2.4.Estimation of seasonal potential evapotranspiration (ETm)

The seasonal potential evapotranspiration (ETm in mm) of maize was estimated based on the reference
evapotranspiration (ETo in mm) and crop coefficient (Kc) by the following relation (Doorenbos and Kassam,
1979) (Eq.3):

ETm=Kcx ETo (Eq.3)

Crop coefficient (Kc) for maize development stages was 0.35-0.70 (day 0-60), 0.71-1.05 (day 61-90), 1.05-
0.60 (day 91-120) at studied region. The reference evapotranspiration (ETo in mm) was estimated by the
Penman’s method (Penman, 1950; Penman, 1953) (Eq.4):

ETo= Cx(Wx Rn+ (1-W)xF(u)x(ea-ed)) (Eq.4)

where ETo= the reference evapotranspiration in mm day™'; (ea-ed) = vapor pressure deficit i.e. the difference
between saturation vapor pressure (ea) at mean air temperature (in mbar) and actual vapor pressure (ed) in mbar
where can be estimated by ed= eax RH/100; F(u) = wind function; Rn=total net radiation in mm day"' and C=
adjustment factor .

2.5. Estimation of potential yield of maize

Potential yield (Ymp) of maize was estimated by the following relation known as the Agro-ecological Zone
method (Doorenbos and Kassam, 1979) (Eq.5):
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Ymp = CLXCNxCHxGxYo (Eq.5)

where CL= correction for crop development and leaf area, 0.50 for maize; CN= correction for dry matter
production, 0.50 for maize; CH= correction for harvested index, 0.40 for maize; G= total growing period
(days) which was 150 days at the studied region; Yo = gross dry matter production of standard crop was
calculated as (Eq.6):

Yo =Fx (0.8 + 0.01xYm) xYo + (1- F) x (0.5 + 0.025 xYm ) xYc¢ (Eq.6)

where Yo = gross dry matter production of standard crop (kg ha' day™'); F = fraction of the daytime that sky
is clouded which was obtained as 0.30 for the studied region and can be obtained from (Eq.7):

F= (Rse-0.5% Rs) / (0.8 xRse) (Eq.7)

in which Rse = the maximum active in coming shortwave radiation on clear days in cal cm™ day!; Rs = the
actual measured incoming shortwave radiation in cal cm day™'; Yo = gross dry matter production rate of standard
crop for a given location on a completely overcast day (kg ha' day™'); Yc¢ = gross dry matter production rate of
standard crop for a given location on a clear (cloudless) in kg ha! day!; Ym = maximum leaf gross dry matter
production rate of a crop for a given climate (kg ha!' day™).

3. Results and Discussion

In Figure 2 crop coefficient and monthly and cumulative potential evapotranspiration of maize during days
after seed sowing were depicted. Results showed that crop coefficient for maize varied from 0.35 (0-30 days
after seed sowing) to 1.05 (61-90 days after seed sowing). The highest potential evapotranspiration was obtained
193 mm month! (61-90 days after seed sowing) and cumulative potential evapotranspiration during growing
season under mmoderate semi-arid conditions was 468 mm. Also, application of Agro-ecological Zone method
produced the potential yield (Ym) of maize as 10084 kg ha™! with net water for irrigation of 4680 m® ha™'.

Previous studies demonstrated that maize yield is a linear function of water requirement (Gilley et al., 1980;
Payero et al., 2006; Klocke et al., 2004; Stone, 2003). Therefore, in the present study similar to the findings of
previous researches, maize yield increased with increasing irrigation water application on the farms and linear
water-production function for maize was consequently acquired by plotting irrigation water (mm) on the X-axis
and maize yield (kg ha™') on the Y-axis which is illustrated in Figure 2 and 3 for furrow irrigation with application
efficiency from 100% to 40%. Effective rainfall during maize growing season was not considered in the functions.
The best fitting function for water-yield relations were as following Table 1.
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Figure 2. Crop coefficient, monthly and cumulative evapotranspiration of maize during days after seed sowing
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Table 1. Water-yield function for maize production under different water application efficiency

Water application efficiency (%) Yield (kg ha™')=a (Water applied in mm)-b R’
a b
Ea=100% 26.917 2521 0.99
Ea=90% 24.225 2521 0.99
Ea=80% 21.533 2521 0.99
Ea=70% 18.842 2521 0.99
Ea=60% 16.150 2521 0.99
Ea=50% 13.458 2521 0.99
Ea=40% 10.767 2521 0.99

To produce potential yield of maize of 10084 kg ha'' under water application efficiency of 100, 90, 80, 70,
60, 50 and 40%, irrigation water requirement was respectively 4683, 5203, 5854, 6690, 7805, 9366, 11708 m*
ha'!'. Therefore, with increasing water application efficiency, irrigation water requirement to produce potential
yield was obviously decreased. Consequently, to achieve potential yield, water productivity were respectively
2.15,1.94, 1.72, 1.51, 1.29, 1.08, 0.86 kg m™* under water application efficiency of 100, 90, 80, 70, 60, 50 and
40% (Figs. 3 and 4). Under actual evaporanspiration as 90% potential ones (Eta/ETm=0.90) in order to produce
88% of potential yield of maize (Ya/Ym=0.88 and Ya=8824 kg ha™'), irrigation water requirement (and water
productivity) is 10537 (0.84 kg m™), 8429 (1.05 kg m™), 7025 (1.26 kg m™), 6021 (1.47 kg m™), 5268 (1.67 kg
m), 4683 (1.88 kg m), 4215 (2.09 kg m) m? ha! under water application efficiency of 40, 50, 60, 70, 80, 90
and 100%, respectively (Figs. 3 and 4). Under actual evaporanspiration as 80% potential ones (Eta/ETm=0.80)
in order to produce 75% of potential yield (Ya/Ym=0.75 and Ya=7563 kg ha!) of maize, irrigation water
requirement (and water productivity) is 3746 (2.02 kg m™), 4163 (1.82 kg m™), 4683 (1.61 kg m™), 535.2 (1.41
kg m?), 6244 (1.21 kg m3), 7493 (1.01 kg m™), 9366 (0.81 kg m) m* ha'! under water application efficiency of
100, 90, 80, 70, 60, 50 and 40%, respectively (Figs. 3 and 4).

14000 - + Ea=100% = Ea=90% Ea=80% Ea=70%
12000 - x Ea=60% e Ea=50% Ea=40%

. Y =26.917X - 2521, Ea=100%

),

S10000 y=24225X - 2521, Ea=90%

%0 8000 |Y=21.533X - 2521, Ea=80%

= 6000 -

o Y= 13.458X - 2521, Ea=50%
4000 - Y =10.767X - 2521, Ea=40%
2000 - Y = 18.842X - 2521, Ea=70%

o | Y = 16.15X - 2521, Ea=60%
0 200 400 600 800 1000 1200

Irrigation water (mm)

Figure 3. Crop yield versus irrigation water under moderate semi-arid conditions

Under actual evaporanspiration as 70% potential ones (Eta/ETm=0.70) in order to produce 63% of potential
yield (Ya/Ym=0.63 and Ya=6302 kg ha!) of maize, irrigation water requirement (and water productivity) is
3278 (1.92 kg m™), 3642 (1.73 kg m™), 4098 (1.54 kg m™), 4683 (1.35 kg m™), 5464 (1.15 kg m™), 6556 (0.96
kg m?), 8195 (0.77 kg m™*) m® ha'! under water application efficiency of 100, 90, 80, 70, 60, 50 and 40%,
respectively (Figs. 3 and 4). Under actual evaporanspiration as 60% potential ones (Eta/ETm=0.60) in order to
produce 50% of potential yield (Ya/Ym=0.50 and Ya=5042 kg ha™!) of maize, irrigation water requirement (and
water productivity) is 7025 (0.72 kg m™), 5620 (0.90 kg m™), 4683 (1.08 kg m™), 4014 (1.26 kg m™), 3512 (1.44
kg m), 3122 (1.61 kg m™), 2810 (1.79 kg m™*) m® ha'! under water application efficiency of 40, 50, 60, 70, 80,
90 and 100%, respectively (Figs. 3 and 4). Under actual evaporanspiration as 50% potential ones (Eta/ETm=0.50)
in order to produce 38% of potential yield (Ya/Ym=0.38 and Ya=3782 kg ha!) of maize, irrigation water
requirement (and water productivity) was 2342 m* ha! (1.61 kg m™) under water application efficiency of 100%.
Also, irrigation water requirement (and water productivity) was 2602 (1.45 kg m™) under water application
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efficiency of 90%. Moreover, irrigation water requirement (and water productivity) was 2927 (1.29 kg m) under
water application efficiency of 80%. With water application efficiency of 70%, irrigation water requirement and
water productivity were 3345 and 1.13 kg m™, repectively. Moreover, irrigation water requirement was 3903,
4683 and 5854 m’ under water application efficiency of 60%, 50% and 40%, respectively. Under these
application efficiency, water productivity was 0.97, 0.81 and 0.65 kg m~, respectively (Figs. 3 and 4).
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Figure 4. Maize yield and water productivity from irrigation water application under moderate semi-arid
conditions

406



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021, 18(3)

Measured yield, water applied and water productivity of maize during 11 years from 2005-2006 to 2015-
2016 under actual and conventional conditions were presented in Figs 5 and 6. Results confirmed that measured
yield during 11 years ranged from 3800 (in 2007-2008) to 6971 kg ha™' (in 2015-2016) with an averge of 5345
kg ha!. Note that, water applied to produce maize was from 3125 to 4584 and averaged 3836 m> ha™! (Fiure 5).
Simliar to the findings of researchers (Abadi et al., 2010; Bramley et al., 2013; Du et al., 2010; Fang et al., 2010;
Guo et al., 2010; Li. 2010; Zhang et al., 2010; Nasseri and Bahramloo, 2009; Nasseri and Fallahi, 2007; Zamani
and Nasseri, 2008), index of water productivity was applied to evaluate water use of maize in seed production.
Water productivity was from 1.22 to 1.52 kg m™ with an average of 1.38 kg m (Figure 6) during 11 years.
Water aplication efficiency was 68% in maize farms (Abbasi et al., 2016). It is recommend that limited irrigation
could be applied to enhence water productivity in maize production under studied environment. Further studies
are necessary to evaluate interaction effect of limited irrigation and fertilizers viz. NPK applications on maize
yield under moderate semi-arid environment.
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Figure 5. Measured maize yield and irrigation water during 11 years from 2005-2006 to 2015-2016
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Figure 6. Water productivity of maize during 11 years from 2005-2006 to 2015-2016

4. Conclusion

Maize (Zea mays L.) yields measured in fields during 11 years from 2005-2006 to 2015-2016 were compared
with those simulated by the Agro-ecological Zone method under moderate semi-arid environment in this study.
Research scenarios comprising ETa/ETm under different water application efficiencies affected yield and water
productivity of maize. The best water-production function was acquired to estimate or forecast maize yield with
available water for irrigation. Index of water productivity of maize was from 1.22 to 1.52 kg m™ with an average
of 1.38 kg m™ during 11 years under water aplication efficiency of 68%. Because measured yield ranged from
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3800 to 6971 kg ha™!' with an averge of 5345 kg ha™! and water applied was from 3125 to 4584 and averaged 3836
m® hal. It is proposed that limited irrigation could be employed to enhence water productivity in maize
production under moderate semi-arid environment. Further studies is essential to evaluate interaction effect of

limited irrigation and fertilizers (NPK) applications on maize production under such moderate semi-arid
environment.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Identification of Virus Causes of Mosaic Diseases in Zucchini Plants in the Bali Island of
Indonesia

N1 Putu PANDAWANTI!, I Ketut WIDNYANA?*"

Abstract

Mosaic disease has become epidemic in the zucchini (Cucurbita pepo L.) plantations on the island of Bali, but the
cause of the disease is not yet known with certainty, although there are allegations of common causes including
the Cucumber mosaic virus (CMV), Papaya ringspot virus (PRSV), Squash mosaic virus (SQMV), Watermelon
mosaic virus (WMV), and Zucchini yellow mosaic virus (ZYMV). This study aims to ascertain the cause of the
mosaic disease which was carried out by observation of the symptoms, proving Koch’s postulates and using
Indirect-ELISA serological tests. Indirect-ELISA method was carried out following the manufacturer’s
instructions DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH) Germany using several
antisera namely, Zucchini yellow mosaic virus (ZYMV, DSMZ, Germany), Cucumber mosaic virus (CMV, Agdia
Inc., USA) and Papaya ringspot virus (PRSV, Agdia Inc., USA). Results showed that the occurrence of mosaic
diseases in zucchini plantations with very diverse symptoms as malformation and distortion of the leaves and the
fruits, blistering, vein clearing, vein banding and shoestring symptoms with disease ranging from 87.17% to
92.72%. Following of Koch’s postulatesmechanical inoculations were carried out using mosaic diseased leaf
extract obtained a success of transmission rate of 100%. Where, healthy zucchini plants that were inoculated with
mosaic symptomatic plants exhibit the same symptoms as mosaic symptoms found in the field. The main findings
of this study are serological tests with Indirect-ELISA showed that 75% of zucchini plants were infected by ZYMV
and as many as 8.33% were positive to CMV. There are no plants infected with PRSV. It can be concluded that
the causes of zucchini mosaics on the island of Bali are ZYMV and CMV.
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1. Introduction

The zucchini planting centers in Bali are several villages in Baturiti District, Tabanan Regency and Sukasada
District, Buleleng Regency. Since the last three years production has decreased by around 65%. In fact, farmers
do not get results because the plants do not bear fruit or the fruits are of poor quality. The decrease in the
quantity and quality of zucchini is partly caused by pests and diseases. Symptoms of disease that occur in
zucchini plantations are mosaic between dark and dark green on the leaves and around the leaf bone is greener
than the leaves of the lamina (vein banding). Lamina leaves such as blisters on the green part (blistering),
bleaching of leaf bones (vein clearing). Near young leaves, lamina growth is inhibited or even not formed at all
so that the shape of the leaves is like shoelaces. Plants also show symptoms of malformation and distortion of
leaves and fruit (Figure 1).

The occurrence of mosaic disease in zucchini plants is due to one or a combination of several types of viruses.
The assumption is based on the fact, that there are several major mosaic-causing viruses that infect Cucurbitaceae,
namely the Cucumber mosaic virus (CMV), Papaya ringpot virus (PRSV), Squash mosaic virus (SqQMV),
Watermelon mosaic virus (WMV), Zucchini yellow mosaic virus (ZYMV) (Coutts et al., 2011; Jossey and
Babadoost, 2008) and Tobacco ringspot virus (TRSV) (Babadoost, 1999; Jossey and Babadoost, 2008). Lestari and
Nurhayati (2014), reported the presence of several viruses on Cucurbitaceae plants found in West Java included
CMV, SgMV and ZYMV.

Figure 1. The observation results on zucchini plants in the field, Healthy zucchini plants (A-B). Zucchini
plants are diseased (C-D)

Zucchini yellow mosaic virus (ZYMV) is a member of the Potyviridae family and is considered the most
harmful virus that attacks cucurbit plants in the field (El-Aziz, 2020). This virus was first isolated in northern Italy
(Lisa et al., 1981). Soon after, ZYMV was identified worldwide where cucurbit is cultivated, including
Mediterranean countries, Japan, Germany, Central Europe, China, Chile, Australia, Mexico, Mauritius, Canada,
and the United States (Desbiez and Lecoq, 1997; Prieto et al., 2001). In Australia, ZYMV was first detected in
1984, but symptomatic cucurbit plants were recorded in Western Australia (WA) in 1973 . Subsequently, it became
widespread in cucurbit-growing areas in tropical Kununurra (WA), Ayr (Queensland, Qld) and Darwin (Northern
Territory, NT), subtropical Carnarvon (WA), and temperate Swan Hill (Victoria, Vic) (Greber et al., 1987; Greber
et al., 1988).
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This relatively new, but aggressive virus has spread rapidly throughout the world, exhibiting efficient plant-to-
plant transmission by several aphid species on a non-persistent basis (Lecoq and Pitrat, 1983) and long-distance
distribution via infected seed (Davis and Mizuki, 1986; Schrijnwerkers et al., 1991; Fletcher et al., 2000). In Egypt,
ZYMYV was isolated from naturally infected pumpkin plants (Fath-Allah et al., 2011).

Zitter and Murphy (2009) reported that distinct strains of viruses could differ serologically. The second
possibility is that the crops were infected by other distinct cucurbits viruses. Many authors reported that cucurbits
could be infected by many viruses, commonly CMV, PRSV, ZYMV, WMV and others both in single or mix
infection that induce a variety of symptoms including symptoms of CMV infection such as mosaic, vein clearing,
vein banding and malformation (Zitter and Murphy 2009; Romay et al., 2014; Barbosa et al., 2016; Sydanmetsa
and Mbanzibwa, 2016).

This study aims to identify the virus that causes mosaic disease in zucchini plants in Indonesia, especially on
the island of Bali, which is the center of zucchini cultivation by observation of the symptoms, proving Koch’s
postulates and using Indirect-ELISA serological tests.

2. Materials and Methods

2.1. Observation of percentage of mosaic disease

The study was conducted in the zucchini plantations of Baturiti District, Tabanan Regency and Sukasada
District, Buleleng Regency in Bali Province. Observations were made on the plant population and the number of
mosaic symptom plants were recorded. Zucchini plants that are sampled are those that show symptoms of
contracting the virus with symptoms of a combination of mosaics, necrosis, vein clearing and malformations. The
incidence of mosaic diseases for each zucchini plantation location is determined based on the percentage of
disease events. The equality (1) used is:

/N x 100% (Eq.1)
Where in: n = number of symptomatic plants, and N = number of observed plants
2.2. Detection of viruses on Zucchini

The presence of viruses in the zucchini plants was also observed through fulfill the Koch’s postulates and
serological tests with indirect-ELISA. Koch's postulate is a procedure to determine the cause of a plant disease
caused by biotic agent, which consists of pathogen isolation, inoculation on similar healthy plants, re-isolation,
and re-inoculation. ZYMYV virus isolation to obtain infected leaf fluid was carried out by grinding 0.1 grams of
infected leaves in phosphate buffer containing 1% -mercaptoethanol (0.01 M, pH 7.0) with a ratio of 1:10 (w/v).
ZYMYV inoculation was done mechanically by applying infected leaf fluid to healthy leaves after being sprinkled
with 600 mesh carborundum. The inoculated leaves were then rinsed with water to clean the remaining infected
leaf fluid. Plants showing symptoms of ZYMYV were then identified for the presence of the virus through I-ELISA
using ZYMV, CMV, and PRSV specific antiserums. The indirect-ELISA method is carried out in accordance
with DSMZ (Deutsche Sammlung von. Mikroorganismen und Zellkulturen GmbH) -Germany uses several
antiserums namely, Zucchini yellow mosaic virus (ZYMV, DSMZ, Germany), Cucumber mosaic virus (CMV,
Agdia Inc., USA) and Papaya spot ring virus (PRSV, Agdia Inc., USA). Negative controls were used from healthy
zucchini plant extracts while positive controls were extracts of infected plants of different viruses (Agdia, USA).
Virus accumulation is read quantitatively using ELISA Reader model 550 (Bio-Rad, USA) at a wavelength of
405 nm. ELISA results are positive, if the absorbance value of the sample is twice higher than the absorbance
value of the negative control (Matthews, 1992).

3. Results and Discussion

3.1. The occurrence of mosaic disease in zucchini

The occurrence of mosaic diseases in zucchini plantations appeared with very diverse symptoms of infection
as malformation and distortion of leaves and fruit, blistering, vein cleansing, vein bending, and shoestring
syptoms with disease ranging from 87.17% to 92.72% (Tables 1 and Figure 2). Koch’s postulates were
conducted by mechanical transmission using leaf extract resulted mosaic symptoms obtained 100% success rate.
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Where, the inoculated healthy zucchini plants inoculated with mosaic symptomatic plants exhibit the same
symptoms as diseased plants found in the field. Symptoms of mosaic disease in the field vary greatly. Where,
variations in symptoms appear as the response of plants to viral infections and are influenced by each
susceptibility of the plant variety (genotype), viruses or insect vectors (Matthews, 1992).

The emergence of symptoms variations type on test plants can be caused the plant factors and virus strains
(Walkey, 2012). According to Matthews (1992), the plant’s symptoms variations infected with viruses are
influenced by several factors, namely, plant age, cultivars, plant genotype and plant growth phases. Other factors
also influence the symptoms of virus infections like environmental factors including soil fertility and climate as
well.

Table 1. The occurrence of mosaic diseases on several zucchini plant centers in Bali

Zucchini planting Plant Zucchini attacked Disease occurrence
location population mosaics (%)
x 1.000 X 1.000

Pekarangan 3.140 2.750 87.17
Apit Yeh 3.090 2.865 91.09
Sandan 2.518 2.195 92.00
Titigalar 1.886 1.718 87.36
Batunya 1.826 1.680 87.94
Batusesa 2.516 2.198 87.58
KembangMerta 4.395 3.865 92.72
Asah Gobleg 3.722 3.288 88.34
Angseri 3.740 3.392 90.70
Total 26.833 23.951 -

Average - 89.43

Figure 2. The variations on mosaic disease symptoms in zucchini
(A) malformation, (B) leaf distortion, (C) blistering, (D) shoe-string

414



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021, 18(3)

3.2. Results of serological tests

For serological tests specific antisera were used detecting existance of ZYMV, PRSV and CMV. Regarding
the samples with symptoms variety of 12 zucchini plantations, namely from Pekarangan, Apit Yeh, Sandan,
Titigalar, Kembang Merta, Asah Gobleg, Angseri, Batunya, and Batusesa showed 75% were positive infection
to ZYMV: 8.33% were positive to CMV and 0% were infected by PRSV (Table 2).

Dwiwiyati (2014) stated that the symptoms of ZYMYV infected plants vary greatly. As on cucumber plants in
Sleman and Subang the symptoms appear on the leaves are not like yellow mosaic, and blistering. Symptoms of
ZYMYV on green kabocha squash in Bogor region showed vein opening, yellow-green mosaics, leaf malformations,
chlorosis or dominantly bright green leaves blistering or dark green pox (Nurjannah, 2014).

In Hosseini et al. (2007), and Coutts et al. (2011b) study, ZYMV infected zucchini plants showed mosaic
symptoms, blistering and leaf distortion. ZYMYV infection mainly has occurred on squash, melon and watermelon.
Symptoms of ZYMYV on the plants are great yellow mosaics on leaves, leaf shape changes, changes on leaf size
to be small and plants become stunted. On the pumpkin and squash, ZYMYV infection causes discoloration and
deformation cause changes on fruit shape (Provvidenti 1996; Tobias et al., 2003; Coutts, 2006).

Table 2. The existence of ZYMV, CMV, and PRSV by ELISA

I-ELISA with specific antiserum
ZYMV CMV PRsV
Buffer - - -
Positive control + + +
Negative control - - -

Sample source

Field sample

Pekarangan +
Apit Yeh +
Sandan 1 + - -
Sandan 2 +
Titigalar +
Batuya - - -
Batusesa - - -
Kembang Merta + - -
Gobleg 1 - + -
Gobleg 2 +
Angseri 1 + - -
Angseri 2 +

Mechanical transmission

+
1
1

Pekarangan
Apit Yeh
Kembang Merta + - -

+
1
1

Kece and Kamberoglu (2016), reported that biological, serological and molecular detection and identification
of WMV-2 in watermelon growing fields in Adana, Mersin and Osmaniye provinces in the spring and summer
months of 2012, showed that the presence of WMV infection in collected 182 samples were firstly investigated
by ELISA and infection ratio was determined as 46.7%. Selected WMV-2 isolates were used in mechanical
inoculation and RT-PCR studies. In mechanical inoculation studies, squash (Cucurbita pepo L.), melon (Cucumis
melo L.), cucumber (C. sativus L.) and watermelon (Citrillus lanatus (Thunb.) Matsum & Nakai) produced mosaic,
mottle, deformation and vein banding while C. quinoa Willd., C. amaranticolor Coste and Reynier and G. globosa
L. showed chlorotic local lesions of leaves. WMV-2 did not induce any symptoms in tobacco species (N. tabacum
L., N. benthamiana L., N. glutinosa L. and N. rustica L.). In another study conducted by Onder and Korkmaz
(2008), to determine prevalence of virus and viroid diseases using biological indexing for Exocortis and Satsuma
dwarf, DAS-ELISA for Psorosis and DAS-ELISA and biological indexing for Citrus tristeza virus. DAS-ELISA
test reveal that while 38 of 156 samples were infected with Citrus tristeza virus, none of the 10 samples tested
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was positive for Psorosis. Biological indexing showed that 1 of 20 samples tested was infected with Exocortis
viroid, however no symptoms were observed from the Satsuma dwarf samples.

In Cucurbitaceae plantations in parts of Australia, the viruses causing severe production losses to reach 100%
infection of pumpkin plants. Two potyviruses are responsible for mosaic disease, Papaya ringspot virus (PRSV-
W), previously known as the watermelon mosaic virus (WMV-1), which has been known to cause problems for
Cucurbitaceae since 1977. The second potyvirus is the Zucchini yellow mosaic virus (ZYMV). It has also been a
cause of mosaic disease since 1989. Lestari and Nurhayati (2014) reported the presence of several viruses on
Cucurbitaceae plants found in West Java included Cucumber mosaic virus (CMV), Squash mosaic virus (SQMV),
and Zucchini yellow mosaic virus (ZYMV). ZYMV has been known in 22 countries on five continents (Zitter et
al., 1996), including Indonesia. ZYMYV is an important virus attacks plants belonging the Cucurbitaceae family
worldwide. It has an important influence on Cucurbitaceae plants due to causing serious quantitative, qualitative
and thereby serious economic lossest (Lin et al., 2000; Simmons et al., 2011).

Zucchini yellow mosaic potyvirus (ZYMV) was first identified in northern Italy. It likes other species of the
family Potyviridae. ZYMYV has been recorded in many countries since 1981. The efficient intercontinental spread
of the virus can be explained by the international trading of infected seeds. Since coat protein (CP) analysis has
become a primary method for taxonomic assignment of potyviruses the aims were to characterize this genomic
region of ZYMV originating from virus-infected cucurbitaceous seedlings. Virus infection in cucurbits is typically
associated with mosaic symptoms on leaves and lumpy, distorted fruit. The range of symptoms produced by each
virus can overlap and plants are commonly infected by more than one virus at once. The viruses are spread by
many species of aphids moving through or within a crop. Control options include: destroying old cucurbit crops
as soon as harvesting is completed destroying weeds and wild cucurbits, in and around plants. This situation will
harbor viruses and/or aphids that separate new plants from mature plants as these will have a high viral infection
rate to avoid overlapping cucurbit plants.

4. Conclusions

1) The occurrence of zucchini yellow mosaic virus in Bali show very diverse symptoms, namely malformation,
distortion on leaves and fruit, blistering, vein clearing, vein-banding and shoestring like symptom.

2) The serology test resulted of the zucchini plantation with 75% positive infection by ZYMYV, while 8.33%
of the plants were infected by CMV and no zucchini plants were infected by PRSV
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ARASTIRMA MAKALESI RESEARCH ARTICLE

The Effect of Building Orientation on Utilization of Solar Energy in Dairy Cattle Barns

Siit Sigir1 Barmaklarinda Giines Enerjisinden Yararlanmada Y6nlendirmenin Etkisi

Hatice DELICE!", Erkan YASLIOGLU?

Abstract

In Turkey and the World, energy demand is continuously increased. In addition to the rapid depletion of fossil fuel
resources used to supply the energy needs, ambient temperatures is risen, glaciers are melt and natural disasters
are occured in our planet. In addition, people, animals and plants are greatly damaged due to the adverse effects
of soil, water and air pollution. Solar energy is renewable, clean and easily accessible energy. Our country is more
advantageous in terms of solar energy potential in comparison to many other countries and benefitting from this
potential is very important. With the increasing importance of renewable energy sources, photovoltaic (PV) panels,
which are able to convert solar energy directly into electrical energy, are not polluting the environment and easy
to implement, are become more common. The inclination angle and position of the photovoltaic panels are the
parameters that directly affect the production of electrical energy. Electrical energy is extensively used in
agricultural production activities, as in every field. Especially, in animal production systems, the cost of electrical
energy is an important input due to the high mechanization and the use of automation. This study was carried out
in the dairy cattle barn with a capacity of 50 head in Bursa province. It was aimed to determine the amount of
electrical energy produced by photovoltaic (PV) panels, located on the barn roof in four different directions (North-
South, East-West, Northeast-Southwest, Northwest-Southeast), and also to find out whether produced energy is
sufficient or not to meet the energy requirement of the barn. The electrical energy produced by the panels to be
placed on the roofs was determined by using PVSOL software. According to the results, the amount of electrical
energy produced from the panels with North-South (N), East-West (E), Northeast-Southwest (NE) and Northwest-
Southeast (NW) orientation was determined as 179.453,0 kWh, 159.655,0 kWh, 175.950,0 kWh and 138.245,0
kWh, respectively. The annual electrical energy requirement of the barn with 50 head capacity was calculated as
25.200,0 kWh. In this case, it was calculated that the energy produced from the N, E, NE and NW orientations met
the requirements of the barn by 5 to 7 times.

Keywords: Dairy Cattle, Orientation, Photovoltaic Panel, PVSOL, Solar Energy

*Sorumlu Yazar/Corresponding Author:. Hatice Delice, Bursa Uludag University, Graduate School of Natural and Applied Science, Bursa, Turkey. E-mail:
hatidelicel @gmail.com OrcID: 0000-0002-0781-2154

2Erkan Yasloglu, Bursa Uludag University, Agricultural Faculty, Department of Biosystem Engineering, Turkey. E-mail: yasli@uludag.edu.tr OrcID: 0000-
0002-3865-7863.

Atif/Citation: Delice H, Yashoglu E. The effect of building orientation on utilization of solar energy in dairy cattle barns. Tekirdag Ziraat Fakiiltesi Dergisi, 18 (3),
419-427.

©Bu galisma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisans1 (https://creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yaymlanmistir. Tekirdag 2021

419



Delice & Yashoglu
The Effect of Building Orientation on Utilization of Solar Energy in Dairy Cattle Barns

Oz

Tiirkiye'de ve Diinya'da enerji talebi siirekli artmaktadir. Gezegenimizde enerji ihtiyacinmi karsilamak i¢in
kullanilan fosil yakit kaynaklarinin hizla tiikkenmesinin yan1 sira ortam sicakliklari yiikselmekte, buzullar erimekte
ve dogal afetler meydana gelmektedir. Ayrica toprak, su ve hava kirliliginin olumsuz etkilerinden dolay1 insanlar,
hayvanlar ve bitkiler bilyiik 6l¢iide zarar gérmektedir. Giines enerjisi, tilkenmeyen, temiz ve kolay erisilebilen bir
enerjidir. Ulkemiz sahip oldugu giines enerjisi potansiyeli bakimindan birgok iilkeye gore sansli durumdadir ve
s6z konusu potansiyelin degerlendirilmesi olduk¢a Onemlidir. Yenilenebilir enerji kaynaklarinin Onem
kazanmasiyla birlikte giines enerjisini dogrudan elektrik enerjisine doniistiirebilen, c¢evreyi kirletmeyen ve
uygulanmasi kolay olan fotovoltaik (PV) paneller her gegen giin daha da yayginlagmaktadir. Fotovoltaik panellerin
egim agis1 ve konumu elektrik enerji tiretimini dogrudan etkileyen parametrelerdir. Her alanda oldugu gibi tarimsal
iiretim faaliyetlerinde de elektrik enerjisi yogun olarak kullanilmaktadir. Ozellikle hayvansal iiretim sistemlerinde,
yiiksek mekanizasyon ve otomasyon kullanimi nedeniyle elektrik enerjisi maliyeti, igletmeler i¢in dnemli bir girdi
olarak ortaya ¢ikmaktadir. Bu ¢alisma, Bursa ilinde 50 bas kapasiteli siit sigirciligr ahirinda gergeklestirilmistir.
Farkli yonlerde catiya gelen giines 15181min nasil degistigini ortaya koymak amaciyla barmak 4 farkli (Kuzey-
Giiney, Dogu-Bati, Kuzeydogu-Giineybati, Kuzeybati-Giineydogu) yonde konumlandirilarak her bir yon igin
tiretilen elektrik enerjisi belirlenmistir. Catilara yerlestirilecek panellerin iirettigi elektrik enerjisi PVSOL yazilimi
kullanilarak belirlendi. Elde edilen sonuglara gore Kuzey-Giiney (K), Dogu-Bati (E), Kuzeydogu-Giineybati (KD)
ve Kuzeybati-Giineydogu (KB) yonelimli panellerden iiretilen elektrik enerjisi miktar1 sirasiyla 179.453,0 kWh,
159.655,0 kWh, 175.950,0 kWh ve 138.245,0 kWh olarak belirlenmistir. 50 bag kapasiteli ahirin yillik elektrik
enerjisi ihtiyac1 25.200,0 kWh olarak hesaplanmistir. Bu durumda K, D, KD ve KB yénlerinden {iretilen enerjinin
ahirin ihtiyacini 5 ila 7 kat karsiladig1 hesaplanmustir.

Anahtar Kelimeler: Siit sigir1, Yonlendirme, Fotovoltaik panel, PVSOL, Giines enerjisi
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1. Introduction

In Turkey and the World, energy demand is continuously increased. In addition to the rapid depletion of fossil
fuel resources used to supply the energy needs, ambient temperatures had risen, glaciers are melted and natural
disasters have occurred in our planet.

Additionally, people, animals and plants are greatly damaged due to the adverse effects of soil, water and air
pollution. To mitigate all these negative effects, solar energy, which is not cause environmental problems and is
not threaten the lives of living creatures, is of great importance for the future of human beings as a clean, reliable
and sustainable renewable energy source.

One of the most common Renewable Energy Sources on earth is solar energy. From this energy, electricity and
heat can be obtained. In addition, since using solar energy is more costly than using fossil fuel today, only 0.04%
of the incoming solar energy potential is used (Mohtasham, 2015).

Due to the shape of the earth (geoid), the angle of the sun rays to fall on the earth differs according to the
coordinates. For this reason, the annual insolation amounts of the coordinates where a place where photovoltaic
panel (PV) planning will be made directly affects the energy obtained from the panel (Thomas, 2003).

Turkey due to its geographical location is relatively advantageous in terms of solar energy and potential
renewable energy sources. According to the Turkey's Solar Energy Potential Atlas (GEPA), the annual sunshine
duration is 2.737,0 hours (daily total of 7.5 hours) per year, the total incident solar energy 1.527,0 kWh m.year’!
corresponding to 4.2 kWh m! per day™, total annual sunshine duration is 6.8 hours, annual total incoming solar
energy is 1.394,0 kWh m™.year", 3.8 kWh m™! per day! (Anonymous, 2015a).

Solar energy, compared with other renewable energy sources, energy sources with the highest potential in
Turkey (EEG, 2016). Turkey's potential annual electricity production from solar energy is estimated to be at least
500 GW (Bayraktar, 2016).

When the Turkey's solar energy potential distribution is examined by region, it can be easily seen that the
Marmara region is on 6th ranks with the value of 1.168,0 kWh m'year! (Anonymous, 2014). On the other hand,
in Turkey, solar panels might be used in every region to supply sufficient electric power (Tiirkboylari and Yiiksel,
2021).

The number of dairy cattle in Turkey was increased from 5.969.047,0 head in 2017 to 6.337.906,0 in 2018 with
6.2% rate of increase. According to the 2018 data, Bursa province has 236.604 head cattle (Tuik, 2019). Bursa,
located in the southern Marmara Region of Turkey, is one of the provinces with the largest dairy cattle barns in
the region, besides being rich in dairy farms (Yaslioglu and Ilhan, 2016). Dairy cattle management is one of the
most suitable sectors for agricultural investment in Bursa because of the ratio of meeting the requirement of forage
silage is 90-99% and the ratio of meeting the need of hay is between 80-85%. Bursa is also at the forefront in terms
of both the number of milk processing plants (establishments) and its capacity. Considerable part of the milk needs
of the companies that produce for the national market is provided from Bursa. Therefore, there is no market
problem for dairy cattle breeders in Bursa (Anonymous, 2017).

It is possible to use solar energy efficiently in almost every region of the Turkey. Nowadays, solar energy
systems in Turkey are often used to meet the needs of the domestic water heating and buildings heating. In recent
years, solar energy systems to support heating have become increasingly common. The use of solar energy to meet
the hot water requirement in swimming pools and various facilities, cooling buildings, drying plants and power
production plants is increased (Anonymous, 2015b).

With renewable energy sources becoming more important, photovoltaic (PV) panels, which can convert solar
energy directly to electrical energy, nonpolluting and easy applicable, are becoming widespread. The angle and
position of the photovoltaic panels are the parameters that directly affect the its electrical energy production
capacity.

Photovoltaic panels (PV) transform solar energy into electrical energy with an efficiency of 6-20%, depending
on the semiconductor material in their structure. It has been stated that panel inclination angle, shading, dusting,
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solar radiation intensity and temperature are effective on the efficiency of photovoltaic panels (Irwanto et al., 2014;
Bhol et al., 2015).

As in all fields, electrical energy is also used extensively in agricultural production activities. Especially in
animal production systems, the cost of electrical energy emerges as an important input for enterprises due to the
use of high mechanization and automation (Peterson, 2008).

There are several studies that examines the structural aspect of cattle houses in various regions of Turkey
(Soyak et al., 2007, Ozyiirek et al. 2014, Kurc and Kocaman, 2016). But there is little study on the effect of site
selection on energy use efficiency of cattle barn. Therefore, this study was carried out in order to find the
appropriate orientation according to the amount of electrical energy produced by the PV panels placed on the roof
in order to meet the energy consumed in a dairy cattle barn with a capacity of 50 head in Bursa and to determine
the fulfilment ratio of the energy demand of the barn.

2. Materials and Methods
2.1. Experiment site and barn plan

In this study, a dairy cattle barn with a capacity of 50 heads planned to be established in Bursa Uludag
University Research and Application Center in the Marmara Region was used as study material.

Firstly, the amount of electrical energy consumed by the farm was calculated based on assumption of 42 kWh
energy consumption per animal per month (Collar et al., 2000). Accordingly, the annual amount of electricity to
be consumed was calculated based on the animal number of the enterprise in the study.

Collar et al., (2000) conducted a study in California to increase energy efficiency in dairy cattle enterprises,
promote energy savings and reduce energy costs in dairy farms. In this study, monthly milk production and
electricity usage data were collected for 12 months in 42 barns that have an average of 984 cows. As a result of
the study, they determined that approximately 42 kWh of electricity was used per cow per month.

In order to determine sunlight variations on the roof, it was assumed that the barns were positioned in 4 different
directions as North-South (N), East-West (D), Northeast-Southwest (NE), and Northwest-Southeast (NW) and,
accordingly the amount of annually electrical energy for each direction was determined.

The dimensions of the 50 head dairy cattle barn planned to be built are 16.70 m * 76 m, and the roof area is
1.429,0 m?. Barn section is given in Figure I. In the study, it is planned to cover the entire roof with a solar panel.

: .
I 3650 4200 L2400
16900

A-A SECTION

Figure 1. Barn section

2.2. Design of solar panels

The amount of electrical energy produced by the panels on the roofs was calculated using PVSOL software.
The PV panel capacity is 320 wp power and dimensions are 1.652,0 X 1.306,0 x 50,0 mm. The total power of the
panels is 160 kWp. According to the calculations carried out in the PVSOL, it was determined that there is a need
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for 5 invertors. The panel and inverter used were selected from the energy systems companies in the PVSOL
software.

PVSOL Premium a PV simulation software is used to design the three-dimensional (3-D) building blocks with
solar panels adjusted optimally on shade free regions of the roof with optimum tilt angle (equal to latitude angle)
to tap maximum solar radiation and in turn increase the productivity of the system (Sharma and Gidwani, 2017).

It is planned that the direct current (DC) electrical energy produced by the PV panel system will be converted
to alternative current (AC) with the help of an inverter and delivered directly to the electrical installation.

In the study, which orientation is more beneficial in terms of solar energy efficiency of the barn planned to be
positioned in different direction was analyzed.

3. Results and Discussion

PVSOL software was used to calculate solar potential in many areas. For example, Sharma and Gidwani (2017)
carried out study on feasibility of grid connected roof mounted solar photovoltaic installations on Rajasthan
Technical University campus hostel buildings in India using PV simulation software-PVSOL premium. They
concluded that a 234 kilowatts of PV installation can full fill all the Electrical load needs and all the investments
made will be returned in a span of eleven years.

Ozden et al., (2020) compare the estimation of three software (PV*Sol, PVsyst, HelioScope) using a whole
year field data obtained in Ankara, for five-module types. They stated that the estimation accuracies of the software
are reasonable based on comparisons.

The first study on renewable energy use in animal barns was the solar electricity generation and feasibility
study of the Delaware poultry farm in April 2005 (Byrne et al., 2005). In this study, feasibility of system was
analysed and alternative scenarios and cost conditions were evaluated with simulation model approach. The study
shows that solar energy is more economical for poultry producers in certain regions and under certain policies in
the USA.

Akyiiz et al., (2009) examined the technological and economic feasibility of a hybrid system to meet the energy
needs of a typical commercial poultry farm independent of the electricity grid in order to economical evaluate the
hybrid renewable energy systems in the industrial poultry sector. In the study, carried out in the chicken farm
operating in Balikesir province, different systems were designed to meet the demand for the load by examining
the system energy cost, operating hours of diesel generator, unacceptable loads, excessive electricity generation
and fuel saving.

In the study conducted by Dagtekin, (2012) in order to meet the electricity demand of the evaporative cooling
(fan-pad) system of a poultry house with a capacity of 20.000,0 broilers, the amount of electricity produced
between June and September was 2.500,0 kWh. It was shown that the use of this energy produced in the operation
of the cooling system and the rest in the mechanisms such as lighting and feed mechanization will significantly
reduce the electrical charge of the enterprise. In addition, the net amortization time of the PV electricity generation
system is 9.2 years and the electricity generation cost is determined as 0.1100 TL kWh''.

Erensoy et al., (2015) examined the relationship between consumption and season in order to determine energy
use characteristics in a fully environmentally controlled poultry house with 70.000,0 laying hens. They found that
the average electricity consumption per 1000 chickens was 1.480 kWh year!. In the study, where the seasonal
effect on the energy consumption profile of the houses was also significant, the highest electricity consumption
rates were observed in summer by 88% (ventilation-cooling), autumn by 62% (ventilation-lighting) and winter by
51% (ventilation-lighting). It has been concluded that increasing the energy efficiency in ventilation, cooling and
lighting applications and/or the preference of renewable energy sources will provide significant savings in fully
environmentally controlled poultry houses.

Regarding the studies conducted, the use of renewable energy in animal barns was generally applied in poultry
houses. In dairy cattle barns electricity is required for several operations such as milking, milk storage, lighting
and ventilation. Therefore, energy cost is one of the basic management costs for barns. On the other hand, studies
regarding the use of solar energy in dairy cattle barns have not been found in extensive literature searches. At the
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same time, Bilgili and Aybek, (2019) analyzed 100 scientific studies (57 articles, 29 theses, 15 reports and 5 papers)
to evaluate in terms of the requirements of scientific work made the last 40 years in Turkey about structural and

mechanization features of dairy cattle barns stated that there is no research on the use of renewable energy sources

in dairy cattle barns.

In the agricultural sector, the livestock industry where electricity energy is mostly consumed except for house
is dairy cattle farming. The correct identification of dairy cattle farms' power and energy needs in mechanization
works in Turkey is very important to eliminate the difficulties to be faced in the future energy production and
distribution (Kasap, 1985).

The annual amount of electricity required for the barn considered in the study was calculated as 25.200,0 kWh.
According to the results obtained from PVSOL software, the amount of electrical energy produced in North-South
(N) oriented panels is 179.453,0 kWh, whereas the amount of electrical energy produced in East-West (E) direction
is 159.655,0 kWh. The amounts of electrical energy obtained in Northeast-Southwest (NE) and Northwest-
Southeast (NW) orientations are 175.950,0 kWh and 138.245,0 kWh, respectively (Table 1).

Table 1. The amount of energy consumed annually and produced in the panels

Barn Number of dairy Annual amount of Annual amount of
Direction cattle available energy required for energy to be produced
(head) barn (kWh) in panels (kWh)
N 50 25.200,0 179.453,0
E 50 25.200,0 159.655,0
NE 50 25.200,0 175.950,0
NW 50 25.200,0 138.245,0

The energy consumption value of the barn is constant in all 4 directions throughout the year. However, the
amount of energy production varies according to the direction of the panel and the season. In general, the highest
energy production is obtained in June, July and August, while the lowest production is observed in December,
January and February (Figure 2, 3, 4 and 5).

Figure 2. North-South (N) direction energy production and consumption
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Figure 3. Northeast- Southwest (NE) direction energy production and consumption
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Figure 5. Northwest- Southeast (NW) direction energy production and consumption

4. Conclusions

Monthly energy production and consumption graphs for each orientation are given in Figure 2-5. Energy
requirement of the barn was considered as constant (25.200,0 kWh) for all months. The highest energy production
in June, July and August; the lowest energy production was realized in December and January. However, even in
January when energy production is minimum, more energy production than the barn's requirement was achieved.
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In other words, if the solar energy system is used in the barn considered in the study, the energy need could be met
throughout the year without any problems.

The amount of electrical energy produced from all orientation options meets the needs of the barn but the
highest production was obtained from the North-South orientation (179.453,0 kWh). Considering that the excess
electricity produced will be sold to the electricity company, it seems that the most suitable option is to choose
orientation in which the maximum electrical energy production is achieved.

According to the long-term meteorological data of the region, since the dominant wind direction in the region
is Northeast, it would be appropriate to orientate the barn in the North-South direction in order to increase the
efficiency of natural ventilation and to better benefit from solar energy.

Despite the high initial investment costs, PV systems have a 10-year non-fail guarantee and a 25-year operating
guarantee, and maintenance costs are very low. Farmers using this system will make significant gains in the long
run. For this reason, studies should be carried out and encouraged to widespread of solar energy, which is one of
the renewable energy sources that can be an alternative to traditional energy sources.

The use of electrical energy, which is one of the serious input costs in animal production, negatively affects
the prices of meat, milk and other animal products, and the producer's competition chance decreases. On the other
hand, the issues of environmental problems that have increased in recent years and the reasons of environmental
pollution by dairy cattle enterprises are on the agenda. Therefore, by using solar energy, both input costs will be
saved and environmental pollution will be prevented by reducing CO2 emissions from dairy cattle barns.

As a result of the production of electrical energy with PV, it is possible to create a chance for small enterprises
to struggle, for medium-sized enterprises to develop, and for large enterprises to compete in the national and
international market.
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Morphological Characterization of Some Hybrid Red Head Cabbage (Brassica oleracea
L.var. capitata subvar. rubra) Varieties

Bazi1 Hibrit Kirmizi Bag Lahana (Brassica oleracea L. var. capitata subvar. rubra)
Cesitlerinin Morfolojik Karakterizasyonu
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Abstract

This research aims to determine the morphological characteristics of different hybrid varieties in red head cabbage
varieties, which has an important share in vegetable production, in Samsun province. In this study carried out at
the Black Sea Agricultural Research Institute, 15 hybrid varieties were examined in terms of 28 different
characteristics. Significant variations were observed in terms of the characteristics studied among hybrid varieties.
Plant length varied between 36.33-57.67 cm, plant width varied between 61.67-97.33 cm, head weight varied
between 905.0-1693.33 g, length of outer leaf varied between 32.83-46.33 cm, the width of outer leaf varied
between 21.5-37.33 cm, length of head varied between 13.67-18.83 cm, the diameter of head ranged from 11.53-
14.67 cm, length of interior stem varied between 5.63-8.67 cm and diameter of interior stem varied between 2.33-
3.83 cm. It was found that the outer leaves covered the upper part of the head, the hardness of the head was very
tight, the shape of the head was broad obovate, and the outer leaves of the heads had a dark violet color. The period
from seedling planting to the maturation of the heads varied 68 to 125 days, and all varieties remained in the field
for a long time without cracking. Yaldiz is determined as the best variety in head weight, head length, and head
diameter, traits correlated with cabbage yield. In addition, the highest plant height was observed in Caballero
variety, and the highest plant width was observed in Red Taste variety. Remala is determined as the earliest variety,
and Red Charisma is determined as the latest variety. It is thought that the varieties that become prominent in terms
of head weight, head shape, head color characteristics in red head cabbage can be evaluated in hybridization and
variety development studies.
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Oz

Bu arastirma ile Samsun ili sebze iiretiminde 6nemli bir paya sahip olan farkli hibrit kirmizi bas lahana ¢esitlerinin
morfolojik 6zellikleri belirlenmistir. Karadeniz Tarimsal Arastirma Enstitiisii’nde yiiriitiilen bu ¢alismada 15 adet
hibrit kirmizi bas lahana ¢esidi 28 farkli 6zellik yoniinden incelenmistir. Hibrit gesitler arasinda incelenen
ozellikler bakimindan biiyiik bir varyasyon oldugu tespit edilmistir. Cesitlerde bitki boyu 36.33 cm ile 57.67 cm,
bitki eni 61.67 cm ile 97.33 cm, bas agirligi 905.0 g ile 1693.33 g, yaprak uzunlugu 32.83 cm ile 46.33 cm, yaprak
eni 21.5 cm ile 37.33 cm, bas uzunlugu 13.67 cm ile 18.83 cm, bas ¢ap1 11.53 cm ile 14.67 cm, i¢ sap uzunlugu
5.63 cmile 8.67 cm, i¢ sap ¢ap1 ise 2.33 cm ile 3.83 cm arasinda degismistir. Kirmizi bas lahana ¢esitlerinde bagin
iist kisminin dis yapraklar tarafindan ortiildi, bas sertliginin ¢ok siki, bas seklinin genis yumurta ve baslarda dis
yaprak renginin koyu menekse oldugu belirlenmistir. Fide dikiminden baslarin olgunlagmasina kadar gecen
stirenin 68 ile 125 giin arasinda degistigi ve hibrit gesitlerin tamaminin arazide uzun siire ¢atlamadan kaldigi
gozlenmistir. Caligmada verime etki eden dnemli 6zelliklerden bas agirligi, bas uzunlugu ve bas cap1 yoniinden
performansi en iyi olan ¢esidin Yaldiz oldugu tespit edilmistir. Ayrica en yiiksek bitki boyu Caballero ¢esidinde
belirlenirken, en yiiksek bitki eni ise Red Taste ¢esidinde saptanmistir. Olgunlagma siireleri yoniinden
degerlendirildiginde Remala ¢esidinin erkenci, Red Charisma cesidinin ise gegci oldugu belirlenmistir. Kirmizi
bas lahana da bas agirligi, bas sekli ve bas rengi ve mumsuluk 6zellikleri bakimindan 6ne ¢ikan bu ¢esitlerin
melezlemeler ile gesit gelistirme caligmalarinda degerlendirilebilecegi diistiniilmektedir.

Anahtar Kelimeler: Kirmizi bas lahana, Morfolojik karakterizasyon, Cesit, Verim, Hibrit
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1. Introduction

Brassica is a genus that belongs to the 'Brassicaceae' family, known as the mustard family. There are 159
species in the Brassica genus (Zhou, 2001; Zhou et al., 2006). Brassica vegetables consist of Brassica oleracea
and Brassica campestris species (Monteiro and Lunn, 1998). The important Brassica vegetables are listed as; head
cabbage (var. capitata), acephala, garden cultivars (var. acephala), savoy cabbage (var. sabauda), cauliflower and
romanesco (var. botrytis), broccoli (var. italica), brussels sprouts (var. gemmifera), kohlrabi (var. gongylodes),
Kai-lan, Chinese leaf sprouts (var. alboglabra), Tronchuda cabbage (var. costata), curly kale (var. sabellica), palm
cabbage (var. palmifolia), marrow cabbage (var. medullosa) and wild cabbage (B. oleracea var. oleracea). (Song
et al., 1988; Song et al., 1990).

Although many different types of cabbage are cultivated worldwide, white cabbage, red head cabbage and leaf
cabbage are grown and consumed more commonly in our country (Yagmur et al., 2003). Red head cabbage is a
winter vegetable with an important place in human nutrition with its high antioxidants and fiber content. In addition,
it is cultivated intensively in our country and has great economic importance. While cabbage is a vegetable
consumed primarily in winter in our country, it has been consumed throughout the year except for 1-2 months
(Onus and Polat, 2000). Red head cabbage production of our country is 187.948 tons. With 109.570 tons, Samsun
is the largest producer of red cabbage, accounting for nearly 57% of its production. Samsun is followed by Konya
(12.356 tons), Antalya (11.631 tons) and Bursa (10.477 tons) provinces (TUIK, 2018).

Red head cabbage has a rich genetic diversity because it is a highly cross-pollinated vegetable. For this reason,
it can be grown in different ecologies both in the world and in many parts of our country. Today, F1 hybrid varieties
are used extensively in vegetable production due to their superior properties such as earliness, yield, quality,
homogenous development, resistance to biotic and abiotic stress conditions. In our country, hybrid varieties are
mostly used in red head cabbage cultivation.

This research, it is aimed to determine the morphological characteristics, growth habits, earliness, and
productivity levels of redhead cabbage hybrid cultivars grown in Samsun ecological conditions.

2. Materials and Methods

This research was carried out at the Black Sea Agricultural Research Institute in 2018 and 2019. 15 hybrid red
head cabbage varieties (Pedro, Alex, Anexa, Red Charisma, Yaldiz, Huzaro, Davaro, Remala, Caballero, Red
Taste, Resima, Bandolero, Klimaro, Ametist and Maestro) were used as plant material.

The seeds of red head cabbage varieties were sown on 16 July 2018 at Black Sea Agricultural Research Institute.
Seedlings were grown in an unheated plastic greenhouse. For seedling cultivation, seed trays (45 cells) with a 5.5
x 5.5 cm cell size were used. Growing medium formed from a 3:1 mixture of peat and perlite. Twenty seedlings
for each red head cabbage genotypes were planted at the 4 to 5 true leaf stage with a plant spacing of 70x30 cm in
the second week of August. The study was carried out according to a randomized block experimental design.
During the study, cultural procedures (irrigation, fertilization, weed cleaning, etc.) were carried out regularly.

Morphological characterization of the materials was carried out in the period of head-formation and harvest,
and observations and measurements were made according to the criteria of the International Association for the
Protection of New Plant Varieties (UPOV, 2004) and the International Institute for Plant Genetic Research (IPGRI,
1990). A total of 28 traits were examined in each variety (Table 1).
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Table 1. Morphological characterization criteria examined in red head cabbage varieties

Traits and Descriptions

Plant length (cm)

Plant width (cm)

Weight of head (g)

Length of head (cm)

Diameter of head (cm)

The shape of the head (transverse narrow elliptic, elliptic, round, broad elliptic, broad obovate, broad ovate,
angular ovate, cylindrical)

The internal color of the head (pink, dark pink, red, dark red, violet, light violet, dark violet)

Top leaf color of the head (dark green, blue-green, light green, violet, dark violet)
Covering of head (not covered, partially covered, covered)

The hardness of the head (very loose, loose, medium, tight, very tight)

Length of the interior stem (cm)

Diameter of the interior stem (cm)

Length of the outer leaf (cm)

Width of the outer leaf (cm)

Outer leaf angle (vertical angle (87°<), open (~67°), half slant (~45°), slant (<30°), drooping (<-10°)
The shape of the outer leaf (circular, elliptic, circular, broad ovate, spatula, spear, long)
Outer leaf teeth (absent, present)

Outer leaf end shape (pointed, medium, round and narrow round)

Blistering of the outer leaf (absent or very weak, medium, strong)

Size of blisters in outer leaf (small, medium, large)

Waxiness on the outer leaf (absent or very weak, weak, medium, strong, very strong)
Color of the outer leaf (dark green, blue-green, light violet, violet, dark violet)

The color intensity of the outer leaf (light, medium, dark)

Maximum width region of the head (at the top, in the middle, at the bottom)

The shape of the base in longitudinal section (rounded, flat and arched)

Time of harvest maturity (days) (early, medium, late, too late)

Resistance to cracking (low, medium, high)

Duration of mature heads in the field (short, medium, long)

Analysis of variance was performed using the (ANOVA) package program of the obtained data. Duncan's
multiple comparison test determined P=0.01 significance levels.

3. Results and Discussion

In the study, the plant length value of varieties varied between 36.33 and 57.67 cm. The lowest plant length
was determined in Maestro, and the highest plant length was determined in Caballero varieties (7Table 2). Among
the redhead cabbage varieties, the lowest plant width was 61.67 cm in the Alex variety, and the highest plant width
was 97.33 cm in the Red Taste variety. Acar and Paksoy (2006) determined the plant length as 25.02 cm in ACN-
33 F1 red head cabbage variety and 24.99 cm in Royal F1 variety. Asciogul (2009) was determined that the plant
length was 74.00 cm and width of the plant was 79.33 cm in redhead cabbage. The plant length of redhead cabbage
was reported by Thapa and Prassad (2012) as 69.5 in Red Quen variety by Maltas et al. (2017) as 23.06 cm and
by Salwa et al. (2019) as 27.51 cm.

The length of the outer leaf varied between 32.83 cm and 46.33 c¢m, and the width of the outer leaf varied
between 21.50 cm and 37.33 cm in the examined varieties (Table 2). While Asciogul (2009) determined the length
of outer leaf as 29.2-33 cm and the width of outer leaf as 30.33 cm in redhead cabbage, Salwa et al. (2019) were
found the length of outer leaf as 21.24 cm and the width of outer leaf as 13.43 cm. It was determined that the
cultivars had mostly spatula leaf shapes. However some of the varieties had broad ovate and circular leaf shapes
(Table 3). Outer leaf end shape is determined as narrow rounded in Resima and Caballero varieties and is
determined as broadly rounded in other varieties. In most of the red head cabbage varieties, blistering of the outer
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leaf could not be detected. Size of blisters in outer leaf characteristic, which was determined as the medium in the
leaves of the Klimaro cultivar and as large in the leaves of the Anexa, Remala, and Huzaro cultivars, could not be
detected among the other red head cabbage cultivars. Waxiness is a desired feature in red head cabbage leaves and
heads. Moreover, it was determined as strong in Klimaro and Red Charisma varieties (7able 3).

Table 2. Morphological characterization parameters of red head cabbage varieties

Plant Plant Weight of  Length of = Width of Length of Diameter  Length of = Diameter of
Variety length width head outer leaf  outer leaf head of head interior interior stem
stem

Kaberola 57.67 a 92.33b 97333 ¢ 43.70 be 23.00 h 15.50 fg 11.53 f 6.43 fgh 3.23 be

Red Taste 54.33b 9733 a 1131.67d 46.33 a 31.67cde  15.00¢g 12.00 ef 5.87 hi 2.60 fg
Resima 54.00 b 92.00 b 122333 ¢ 43.93 be 3733 a 15.50 fg 11.97 ef 7.60 be 3.00 c-f
Anexa 51.00 ¢ 92.00 b 1381.67 b 46.00 b 33.00 ¢ 18.73 ab 13.07bed  6.73 ef 3.07 b-e
Yaldiz 50.33 ¢ 92.67b 1693.33 a 45.67b 29.83 ¢ 18.83 a 14.67 a 8.17 ab 3.83a
R.Charisma  49.83 cd 76.33cd  1403.33b 35.73 gh 30.27 de 18.13 ab 13.17bed  7.17 cde 3.23 be
Bandolero 47.00 de 93.00 b 1325.00 b 4233 cd 2733 f 17.90 be 12.53 def  6.80 def 3.23 be
Huzaro 46.83 ¢ 91.00 b 1208.33cd  43.00 cd 3233 cd 17.07 cd 12.33 def  6.90 def 2.87 c-f
Davaro 4533 ef 77.33cd 132333 b 40.67 de 3333¢ 16.10 ef 12.87b-e  6.60 efg 3.17 bed
Klimaro 42.67 fg 80.33 ¢ 905.00 e 41.00d 33.67 be 14.00 h 13.83 ab 8.67 a 3.43 ab
Pedro 4133gh  73.33d 1195.00cd  33.50h 21.83h 15.83 efg 13.27bed  6.83 def 3.00 c-f
Remala 40.10 ght1  77.07cd  1147.00 cd 38.33 ef 35.90 ab 15.07 g 13.77abc  5.631 3.03 b-e
Ametist 39.33 6533 ¢ 1175.00 cd 32.831 21.50 h 16.50 de 12.77cde  7.40 cd 2.67 efg
Alex 37.334j 61.67 ¢ 970.00 e 33.67 hu 23.33 gh 13.67 h 12.73 cde  7.00 c-f 233¢g
Maestro 36.33 64.67 ¢ 1216.67cd  36.90 fg 2533 fg 16.67 de 1320 bed  6.07 ghu 2.80 d-f
Signiﬁcant 3k 3k sk B sk sk sk sk B

CvV 3.7 3.2 4.3 3.7 4.6 33 4.8 5.3 7.9

The color of the outer leaf varied between green, dark green, and dark violet. The color of the outer leaf was
determined as green in the varieties of Resima, Caballero, Klimaro; dark green in the Bandolero, Anexa, Remala,
and Huzaro varieties; and dark violet in the other varieties (7Table 3). It was determined that the color intensity of
the outer leaf was mainly in dark tones. Except for Bandolero, Remala, Pedro, and Red Charisma cultivars, the
leaf margins of the other varieties were found to have a teethed structure (7able 3).

The outer leaf angle of the cultivars was examined as vertical angle (87° <), open (~ 67 °), half slant (~ 45 °),
slant (<30 °) and drooping (<-10 °). The outer leaf angle is determined as the half slant in Anexa variety; as slant
in Klimaro, Ametist, Pedro and Maestro varieties; as open in Bandolero, Remala, Alex, Davaro, Huzaro and Red
Taste varieties; as the vertical angle in Yaldiz, Resima, Caballero and Red Charisma varieties (7able 3).

With the increasing world population, it has come to the fore to increase efficiency to get more efficiency from
the unit area (Cay and Aykas, 2013). The yield is directly related to the size of the head and firmness, and the head
size of the redhead cabbage is generally between 1-2 kg (Kar and Karaagag, 2016). In the research, the head
weights of varieties varied between 905.0 g and 1693.33g. The highest head weight was determined in the Yaldiz
variety, and the lowest head weight was determined in the Klimaro variety (7able 2). The hardness of the head
was determined as tight in all varieties. Acar and Paksoy (2006) reported that the head weight was 625.08 g cm in
the ACN-33 F1 variety and 678.5 g in the Royal F1 variety. Padem and Giiveng (2007) reported the head weight
as 820 g to 2142.0 g among red head cabbage varieties; Tirasc1 (2016) determined the head weight as 907.50 g in
Mohrenkopf variety. Similarly, Demirboga (2016) determined the head weight as 814.0 g; Salwa et al. (2019)
reported as 1.12 g. They reported that different varieties might come to the fore in changing environments
depending on the adaptability of the varieties and the environmental conditions in which they are grown (Ece and
Giiler, 2017).

In the study, the head diameters of the cultivars showed relative values, with the lowest in Caballero (11.53
cm) and the highest in Yaldiz (14.67 cm) varieties. Head length values ranged from 13.67 cm to 18.83 cm. The
lowest head length is determined in Alex and the highest head length in Yaldiz varieties (Table 2). In studies
conducted by different researchers, head diameter values were between 6.83 cm to 22.8 cm; head lengths were
found to be between 10.65 cm to 19.7 cm (Onus and Polat, 2000; Padem and Giiveng, 2007; Thapa and Prasad,
2012; Demirboga 2016; Tunc and Sahin, 2016; Maltas et al. 2017).
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Table 3. Morphological characterization criteria of red head cabbage varieties

Variety
Traits Yaldiz Pedro Caballero Bandolero Anexa Remala Huzaro Resima
Covering of head Covered Covered Covered Partially Covered Partially Covered Covered
covered covered
Shape of head Broad Broad Broad Elliptic Elliptic Broad Elliptic Broad
obovate obovate obovate obovate obovate
Top leaf color of the head Dark Dark Dark Dark Dark Dark Dark Dark
violet violet violet violet violet violet violet violet
Hardness of head Very Very Very Very Very Very Very Very
tight tight tight tight tight tight tight tight
Outer leaf angle Vertical Slant Vertical Open Half Open Open Vertical
angle angle slant angle
The shape of the outer leaf Spatula Spatula Spatula Broad ovate Broad Circular Broad Spatula
ovate ovate
Outer leaf end shape Round Round Narrow Round Round Round Round Narrow
round round
Blistering of the outer leaf - - - - Very Weak Very -
weak weak
Size of blisters in the outer leaf - - - - Large Large Large -
Waxiness on the outer leaf Weak Weak Weak Weak Weak Weak Weak Weak
Color of the outer leaf Dark Dark Green Dark Dark Dark Dark Green
violet violet green green green green
The color intensity of the outer Dark Dark Dark Dark Dark Dark Dark Medium
leaf
Outer leaf teeth Available Absent Available Absent Available Absent Available  Available
The internal color of the head Violet Dark Violet Dark Dark Dark Dark Dark
violet violet violet violet violet violet
Maximum width region of the in the in the in the in the in the in the in the in the
head middle middle middle middle middle middle middle middle
The shape of the base in the Rounded  Rounded Rounded Rounded Rounded  Rounded  Rounded  Rounded
longitudinal section
Time of harvest maturity 95 87 115 115 115 68 115 115
Resistance to cracking High High High High High High High High
Duration of mature heads in the Long Long Long Long Long Long Long Long
field
Table 3 (continued)
Variety
Traits Maestro Red Red Alex Davaro Ametist Klimaro
Taste Charisma
Covering of head Partially Covered Covered Partially Covered Covered Covered
covered covered
Broad Broad Elliptic Broad Broad Broad Round
Shape of head obovate obovate obovate obovate obovate
Top leaf color of the head Dark Dark Dark Dark Dark Dark Dark
violet violet violet violet violet violet violet
Hardness of head Very Very Very Very Very Very Very
tight tight tight tight tight tight tight
Outer leaf angle Slant Open Vertical Open Open Slant Slant
angle
The shape of the outer leaf Broad Spatula Spatula Circular Circular Spatula Circular
ovate
Outer leaf end shape Round Round Round Round Round Round Round
Blistering of the outer leaf - - - - - - Medium
Size of blisters in the outer leaf - - - - - Large
Waxiness on the outer leaf Weak Medium Strong Weak Weak Weak Strong
Color of the outer leaf Dark Dark Dark Dark Dark Dark Green
violet violet violet violet violet violet
The color intensity of the outer leaf Dark Dark Dark Dark Dark Dark Dark
Outer leaf teeth Available  Available Absent Available Available Available  Available
The internal color of the head Dark Dark Dark Dark Dark Dark Light
violet violet violet violet violet violet violet
Maximum width region of the head in the in the in the in the in the in the in the
middle middle middle middle middle middle middle
The shape of the base in the Rounded  Rounded Rounded Rounded Rounded Rounded  Rounded
longitudinal section
Time of harvest maturity 87 95 125 87 87 87 115
Resistance to cracking High High High High High High High
Duration of mature heads in the field Long Long Long Long Long Long Long

The length of the head stem varied between 5.63 cm and 8.67 cm, and the diameter of the head stem varied
between 2.33 cm and 3.83 cm among all varieties. The shortest length of the head stem was measured in the
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Remala variety, and the highest length of the head stem was measured in the Klimaro variety. The lowest diameter
of the head stem was found in the Alex variety, and the highest diameter of the head stem was found in the Yaldiz
variety (Table 2). Asciogul (2009) determined the length of head stem as 11.0 cm and the diameter of the head
stem as 4.0 cm in the redhead cabbage.

The shape of the head varied between broad obovate, elliptic and round in red head cabbage varieties. The head
shape of the Klimaro variety was determined as round. The head shape was determined as elliptic in Bandolero,
Anexa, Huzaro and Red Charisma varieties. In other varieties, it was observed as broad obovate (Table 3).

Covering the upper part of the head with outer leaves is a desirable feature as it protects the head from external
factors. (Kar and Karaagac, 2016). It was determined that the heads were covered with outer leaves in most of the
cultivars. One of the characteristics examined in the heads was the interior color of the head. The dark violet
interior color of the head was the most common among the varieties. Also, it was determined that the interior color
of the head was light violet in the Klimaro variety and violet in the Caballero and Yaldiz varieties (Table 3).

It was determined that the maximum width region of the head was in the middle in all varieties and the base
shape in the longitudinal section was round. The top leaf colors of the head varieties were determined visually. As
a result of the observation, it was determined that the top leaf color of the head varieties was dark violet (Table 3).

The time from seedling planting of varieties to the harvest maturity of the heads varied between 68 and 125
days. Remala was the earliest variety, while the latest was Red Charisma. Also, it was observed that all varieties
remained on the field for a considerable time without cracking (Table 3).

4. Conclusions

Red head cabbage is among the significant winter vegetables produced mainly in various parts of the world
and Turkey. Vegetable growers prefer to use hybrid seeds due to their advantages. In Turkey, hybrid seeds are
used in the production of red head cabbage. In the study, morphological characterization of 15 different hybrid red
cabbage varieties was made. It was determined that the varieties showed great variety in terms of the characteristics
examined. The study revealed that the variety with the best performance in terms of head weight, head length, and
head diameter, traits affecting yield was Yaldiz. In addition, Caballero has become prominent in terms of plant
height. On the other hand, Red Taste has become prominent in terms of plant width features. It was determined
that the earliest variety was Remala while the latest variety was Red Charisma. It was determined that the heads
in all varieties could remain in the field for a long time without cracking.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Tiiketicilerin Fast Food Tiiketim Sikhi@in1 Etkileyen Faktorlerin Analizi

The Analysis of Factors Affecting Frequency of Fast Food Consumption

Hasan Burak AGIR"", Cuma AKBAY?

Oz

Tiim diinyada ve Tiirkiye’de fast food {irlinlere olan talep artmakta ve sektor hizli bir sekilde biiylimektedir. Niifus
artisi, kentlesme, bireylerin egitim ve gelir seviyelerinin yiikselmesi, aile yapisindaki degisim, seyahat zorunlulugu,
yogun ¢alisma siiresi ve 6zellikle kadinlarin iggiiciine katilimlarinin artmasi bireylerin fast food tiiketiminde etkili
olan dnemli faktorlerdir. Bugiin Tiirkiye’de 700’den fazla fast food restoran bulunmaktadir. Bu arastirmada
tiketicilerin fast food tiiketim siklig1 ile sosyo ekonomik ozellikleri arasindaki iliski ortaya konulmustur.
Arastirmanin ana materyalini, 2016 yilinda I¢ Anadolu Bolgesinde 346 tiiketici ile yiiz yiize yapilan anketlerden
elde edilen veriler olusturmaktadir. Tiiketicilerin sosyo ekonomik 6zellikleri ile fast food tiiketim siklig1 arasindaki
iliskinin belirlenmesinde Sirali Lojistik Regresyon modeli kullanilmugtir.

Elde edilen sonuclar degerlendirildiginde, tiiketicilerin %47’si 26-40 yas, %48’ lisans ve iizeri egitim diizeyi
ve %39’u orta gelir grubundadir. Tiiketicilerin fast food tiiketim siklig1 incelendiginde, %37.9’unun hig
tilketmedigi, %17.6’simin bazen ve %44.5’inin siklikla fast food tiikettigi belirlenmistir. Ayrica, tiliketicilerin viicut
kitle indeksi ortalama 25.10 olarak hesaplanmistir. Sirali lojistik regresyon analizi sonuglarina gore tiiketicilerin
fast food tiiketim sikligi ile egitim, gelir ve aligveris merkezine (avm) gitme siklig1 ile pozitif, viicut kitle indeksi
(vki) ve yas degiskenleri ile negatif yonlii ve istatistiksel olarak anlamli iligki tespit edilmistir (p<0.05). Bu
sonuglara gore daha yiiksek egitim ve gelir grubunda bulunan tiiketiciler daha sik Avm’ye gitmekte ve diger
tiketicilere gore daha sik fast food tiikketmektedirler. Ayrica genclerin yaslhlara goére daha sik fast food tiikettikleri
belirlenmistir. Arastirmadan elde edilen bulgular 1s181nda karar vericilerin ve sektor paydaslarimin tiiketicilerin fast
food tiiketim sikliginda etkili faktorleri degerlendirerek bireylerin daha saglikli beslenmelerine yonelik gerekli
politika ve pazarlama stratejileri gelistirmeleri ve uygulamalar gerekmektedir.

Anahtar Kelimeler: Fast food, Tiiketici, Tiiketim sikhig1, Siral1 lojistik regresyon, i¢ Anadolu Bolgesi
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Abstract

Worldwide and in Turkey, there is an increasing demand for fast food products and the sector is growing rapidly.
Population growth, urbanization, increase in education and income levels of individuals, change in family structure,
travel obligation, intensive working time, and especially the increase in the participation of women in the
workforce are the important factors affecting fast food consumption. Today there are more than 700 fast food
outlets in Turkey. This study investigates the relationship between consumers’ fast food frequency and their socio-
economic characteristics. In this context, the material of the study was obtained from 346 consumers by face to
face questionnaire in Central Anatolia in 2016. Ordered Logistic Regression model was employed to determine
the relationship between the socio-economic characteristics of consumers and the frequency of fast food
consumption.

According to the results, 47% of the consumers are in the range of 26-40 years, 48% are undergraduate and above
education level and 39% are in the middle-income group. When the fast food consumption frequency of consumers
is examined, it is determined that 37.9% of them do not consume fast food, 17.6% of them sometimes consume
fast food and 44.5% of them frequently consume fast food. In addition, the body mass index of the consumers was
calculated as 25.10 on average. According to the Ordered Logistic Regression, there is a positive relationship
between frequency of fast food consumption and consumers’ education, income, and frequency of going to the
mall while negative relationships between consumers’ age and body mass index (p<0.05). Due to the results,
consumers in higher education and income groups go to the mall more often and consume fast food more often
than other consumers. Besides, it has been determined that young people consume fast food more frequently than
elder ones. In the light of the findings obtained from the research, decision-makers and sector stakeholders should
evaluate the factors influencing the frequency of fast food consumption of consumers and develop and implement
policies and marketing strategies for healthier nutrition of individuals.

Keywords: Fast food, Consumer, Consumption frequency, Ordered logistic regression, Central Anatolia
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1. Giris

Diinyada sanayi devriminden sonra kiiresellesmenin de etkisiyle ekonomik, sosyal ve kiiltiirel alanlarda
yasanan gelismeler toplumlarin yasam standartlart ve beslenme aligkanliklarinda 6nemli degisimlere neden
olmustur. Bu degisimler paralelinde gida sektorii de meydana gelen talebi karsilamaya yonelik sekil almaya
baslamistir (Bitrak ve Hatirli, 2019). Hizli niifus artisi, kentlesme, bireylerin egitim ve gelir seviyelerinin
yiikselmesi, aile yapisindaki degisim, seyahat zorunlulugu ve yogun ¢alisma siiresi gibi faktorler ev disinda gida
tilketimini yayginlastirmistir (Akbay ve Boz, 2005; Bekar ve Donmez, 2016).

Ozellikle yogun calisma saatleri ile kisalan yemek yeme siiresi, kadinlarin isgiiciine katiliminin artmasi sonucu
evde yemek pisirmenin azalmasi, ¢ok gelirli ailelerin artmasi, internet {izerinden alisverisin yayginlasmasi hazir
gidalara olan talebi dolayisiyla ev dis1 gida tiiketimini 6nemli 6lgiide artirmaktadir. Ev disinda gida tiiketimi
icerisinde daha hizli ve pratik beslenme imkan1 sunan fast food alternatif olarak 6ne ¢ikmakta (Kaynak ve ark.,
1996; Akbay ve ark., 2007) ve fast food iiriinlere olan talep her gegen giin artmaktadir.

Fast food kisaca ev disinda ¢esitli satis noktalarinda uygun fiyattan kisa siirede hazirlanip servis edilen iiriinler
olarak tiiketicilerin karsisina ¢ikmaktadir. Bender ve Bender (1999) fast food kavramini belirli {iretim hatti
teknikleri ile hazirlanmis; sinirli sayida gida iiriinleri ile hazirlanan mentilerden olusan ve {ireticilerin pizza,
hamburger, tavuk ve sandvig gibi iiriinlerin yapiminda 6zellesmis restoranlar tarafindan sunulan {iriinler olarak
tanimlamislardir (Davies ve Smith, 2004). Diger bir tanimda fast food hazirlama siiresi kisa, biife, restoran ve
seyyar olarak satilan paketlenmis veya dondurulmus halde her an tiiketilebilen yiyecekler olarak ifade edilmistir
(Akdag, 2015; Yaman, 2007). ilk kez 1850 yilinda Hamburg’lu isgilerin Amerika’ya hamburgeri getirmesiyle
ortaya ¢ikmis, giiniimiizde fast food isletmeleri ile birlikte tiim diinyaya yayilmig (Unur ve Kaya, 2010) ve tiim
diinyada hizl1 biiyiiyen bir sektor haline gelmistir. Ozellikle, 1940’11 yillarda Amerika’da McDonald’s firmasinin
hizli ve ucuz meniiler ile araclara hizmet vermesiyle fast food isletmelerinin basladigi, farkli isletmelerin de pazara
dahil olmasiyla birlikte Avrupa ve diger iilkelerde yayginlastigi kabul edilmektedir (Gee, 1989). Diinya genelinde
en onemli bes fast food markasinin toplam degeri yaklasik 219 milyar dolardir (Anonim, 2020) ve her gegen giin
artmaya devam etmektedir.

Diinyada meydana gelen gelismeler ile birlikte Tiirk toplumunun da gerek yasam tarzi gerekse tiiketim
aligkanliklar1 degismistir. Tiiketim aligkanliklarinda yasanan bu degisim 6zellikle Tiirkiye’nin bilyiik sehirlerinde
fast food isletmelerinin artistyla iliskilendirilebilir (Y1ldirim ve Cengel, 2013). Fast food kavramu ilk olarak 1986
yilinda Istanbul’da acilan Mcdonal’s ile Tiirkiye pazarma girmis ve daha sonra yabanci ve yerli markalarinda
katilimiyla biiyiik bir sektdr haline gelmistir (Oztiirk, 2019). 2002 yilinda toplam tiiketim harcamalari igerisinde
ev dig1 gida tiiketimi payr %4.2 iken 2019 yilinda %6.5’e yiikselmistir (TUIK, 2020). Giiniimiizde fast food
isletmeleri sokaklarda, alisveris merkezlerinde, hava alanlarinda, okullarda, kafelerde, benzin istasyonlar1 gibi
cesitli mekanlarda kargimiza ¢ikmakta ve sagliga olumsuz etkilerinin bilinmesine ragmen hizla biiylimeye devam
etmektedir. Gida tiiketim tercihlerindeki degisim ve fast food talebindeki artis g6z oniine alindiginda tiiketicilerin
fast food tiiketimine yonelten faktorlerin degerlendirilmesine yonelik arastirmalar yapilmasi dnemlidir.

Literatiirde konuyu teknik ve ekonomik yonden inceleyen ¢esitli aragtirmalar bulunmaktadir. Konu ile ilgili
teknik arastirmalar fast food tiiketiminin viicut agirligi (Pieroni ve Salmasi, 2014), enerji alim1 (Schroder ve ark.,
2007; Rosenheck, 2008; Mohr ve ark., 2019; Alexander ve ark., 2020) konularinda yogunlagmislardir. Konu ile
ilgili ekonomik arastirmalarda tiiketicilerin fast food iiriinleri tercih etme nedenleri (Akbay ve ark., 2007; Unur ve
Kaya, 2010; Unur ve Gok, 2012), fast food tiikketiminde kohort (kusak) etkisi (Tras ve Sengiil, 2017), tiiketici
degerleri ve yasam tarzlarn ile fast food tiiketimi (Yildirim ve Cengel, 2013) konular ele alinmistir. Bununla
birlikte {iniversite 6grencilerine yonelik arastirmalar (Morse ve Driskell, 2009; Yardimci ve ark., 2012; Sayili ve
Gozener, 2013; Akcadag ve Bozkurt, 2019; Baymdir ve Bayindir, 2019; Hatirlh ve Yigit, 2019), lise ve dengi
okullarda fast food tiiketimi (Kalkan ve ark., 2015; ikikat Tiimer, 2018), fast food tiiketiminde ailenin rolii
(Taspinar, 2018), Y (Xiao ve ark., 2019) ve Z jenerasyonunun fast food tiiketimi (Kamenidou ve ark., 2019) ve
egitim diizeyinin fast food tiiketim aliskanligina etkisi (Kayisoglu ve i¢oz, 2012) ve hazir yemek isletmelerinde
HACCEP sitemi (Erkan, 2008) konularinda da arastirmalar mevcuttur.

Literatiir degerlendirildiginde bolgesel olarak fast food tiiketimi ile ilgili bir arastirmaya rastlanmamustir. Bu
arastirma I¢ Anadolu Bolgesinde fast food tiiketimini ele almasi nedeniyle bu agi181 kapatacaktir. Ayrica yapilan
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caligmalar konuyu farkli acilardan ele alsa da halen tiiketicilerin fast food tiiketmelerinde etkili 6zelliklerinin
belirlenmesine yonelik calismalara ihtiya¢ vardir. Yapilacak olan bu arastirmalar sonucunda karar vericiler ve
isletmeler fast food arz ve talebini diizenleyen gesitli politikalar gelistirebilir. Ayrica fast food tiiketiminin 6nemli
saglik sorunlarina neden olmasi nedeniyle karar vericiler tiiketici profilini dikkate alarak daha etkili politikalar
uygulayabilir. Bu baglamda bu arastirmanmin amaci I¢ Anadolu Bélgesinde tiiketicilerin fast food tiiketim
davraniglarinin ortaya konulmasidir. Bu amag¢ dogrultusunda tiiketicilerin fast food tiiketim sikligi ile sosyo
ekonomik 6zellikleri arasindaki iligki ortaya konulmustur.

2. Materyal ve Metot

Bu aragtirmanin ana materyalini 2016 yilinda i¢ Anadolu Bolgesinde 18 yas ve iizeri ve herhangi bir gelire sahip
olan tiiketiciler ile yiiz yiize yapilan anketler olugturmaktadir. Bununla birlikte konu ile ilgili yapilan arastirmalar ve
cesitli istatistiki raporlardan da yararlanilmistir. Arastirmada Tiirkiye genelinde yiiriitiilen 113K733 nolu TUBITAK
projesinin verileri kullanilmistir. Projede oransal 6rnekleme yontemine (Newbold, 1995) gdre Ankara (137), Konya
(93) ve Kayseri (116) kent merkezlerinde toplam 346 tiiketici ile anketler yapilmustir. il merkezlerinde yapilan anket
say1st il niifus oranlarma gére dagitilmustir.

Aragtirmada tiiketicilerin sosyo-ekonomik dzelliklerinin analizlerinde tanimlayici istatistikler, fast food tiiketim
sikliklarinin belirlenmesinde ise 3°lii Likert tipi 6lgek (0-hi¢ tiiketmiyorum, 1-bazen tiiketiyorum ve 2- siklikla
tiiketiyorum) elde edilmis ve modelde bagimli degisken olarak kullanilmistir.

Arastirmada tiiketicilerin sosyo-ekonomik oOzelliklerinin fast food tiiketim sikligmi ne diizeyde etkiledigini
belirlemek icin Sirali Lojistik Regresyon (Ordered Logistic Regression) modeli kullanilmigtir. Bagimli degiskeninin
sirali Olgekle ifade edildigi durumlarda Sirali Lojistik Regresyon (SLR) modeli dogrusal ve lojistik regresyon
modellerine gére daha iyi sonug vermesinden dolayi siklikla tercih edilmektedir (Koksal, 2009; Serbetci ve Ozgomak,
2013).

SLR, bagiml degiskeninin {i¢ veya daha fazla kategori icerdigi ve bu degiskenin siral1 6lcek ile ifade edildigi
durumlarda (0,1,2,3....,j) avantajl olan bir ¢ok degiskenli regresyon modelidir (Warner, 2008). Modelde normallik ve
sabit varyans varsayimlar1 gerekli olmayip bagimsiz degiskenler ile sirali bagimhi degisken arasindaki iliskinin
kategoriden bagimsiz oldugunu varsaymaktadir (Chen ve Hughes, 2004). Bununla birlikte bagimli degiskenin siral
olarak gozlemlendigi durumlarda SLR modeli tek alternatiftir (Chen ve Hughes, 2004; Serbetci ve Ozgomak, 2013)
SLR modeli, gbzlenebilir sirali kategorik bagiml degiskenin (Y) ardinda -oo ve +oo degerler alabilen, gozlenemeyen
ve siirekli bir gizli degisken (Y*) varsayima dayanir. Bu degisken asagidaki esitlik 1 ile ifade edilir (Akin ve Sentiirk,
2012).

Y*=pX+¢ (Es. 1)

Esitlik 1’de Y* gizli degisken, B parametrelerin vektorii ve € hata terimidir. Hata teriminin 0 ortalamaya sahip ve
simetrik oldugu varsayilmaktadir (Akin ve Sentiirk, 2012). Bagiml degisken (Y) ve gizli degisken (Y*) arasindaki
iliski bireylere gore degisen kesme noktalarinin (u;) bir fonksiyonudur (Greene, 1998). Burada Y’nin j tane sirali
alternatifi oldugu durumlarda bagiml degisken gizli degisken yardimiyla asagidaki esitlik 2 ile gdsterilmektedir.

Y =1J iken pj.1 < Y*<y; (Es. 2)

Esitlik 2°de p bilinmeyen kesme ya da esik noktalarini géstermektedir. Esik noktalari kategori sayisinin bir eksigi
olarak hesaplanmaktadir. Tlk esik parametresi 0 oldugundan dolay1 tahmin edilen esik parametrelerinin hepsinin pozitif
olmasi gerekmektedir (po=0<pi<po<...<p;). Esik noktalar1 ile Y degiskeni kategorilerinin olasilik degerleri hesaplanir.
Y* regresyon denkleminin belirlenmesinde en yiiksek olabilirlik teknigi kullanilmaktadir. Bu teknigin kullanilabilmesi
i¢in, hata terimlerinin dagilimimn belirli bir bigimde belirlenmesi gerekir. SLR modelinde hata terimlerinin normal
veya lojistik dagildigr diisiiniiliir ve modelin olusturulmasinda olasilik yogunluk ve birikimli (kiimiilatif) dagilim
fonksiyonu kolay uygulanmasi ve yorumlanmasi nedeniyle tercih edilmektedir (Ayhan, 2006). Bu baglamda, SLR
modeli yj=li¢in genel olarak asagidaki esitlik 3 ile ifade edilmektedir (McCullagh, 1980).

link (vj)= pj-p'X (Es.3)
Esitlik 3’te y; , j’inci kategori icin birikimli olasilik degeri, p; j’inci kategorinin esik degerleri, ' regresyon
katsayilar1 ve X bagimsiz degiskenleri ifade etmektedir. Modelde bagimsiz degiskenlerin fast food tiiketim siklig1
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tizerine etkilerinin ortaya konulmasi i¢in Odds orami hesaplanmigtir. Odds orami incelenen bir olaym gozlenme
olasiligmin gézlenmeme olasiligina oranlanmastyla hesaplanir (p/1-p) ve bagimli degiskeninin bagimsiz degiskeninin
etkisiyle kag kat daha fazla oranda gdzlenme olasiligina sahip oldugunu ortaya koymaktadir (Ozdamar, 1999).

3. Arastirma Sonuclari ve Tartisma

Aragtirma bolgesinde anket yapilan tiiketicilerin sosyo-ekonomik 6zelliklerine yonelik tanimlayici istatistikler
Tablo I’de verilmistir. Tiiketicilerin fast food tiiketim siklig1 (0:hig tiketmiyorum, 1:bazen tiiketiyorum, 2: siklikla
tilketiyorum) incelendiginde %37.9’unun hig, %17.6’smnin bazen ve %44.5’inin siklikla fast food tiikettigi
saptanmig ve ortalamasi 1.07 olarak hesaplanmustir. Tiiketicilerin hanelerinde ortalama 3.38 kisi bulunmaktadir.
Tiiketicilerin vki’leri ortalama 25.10 olup Diinya Saglik Orgiitii standartlarma gore toplu (hafif sisman)
kategorisinde yer almaktadirlar (Anonim, 2021) Tiiketicilerin %47’si 26-40 yas araliginda, %48’i lisans ve iizeri
egitim diizeyi ve %39’u orta gelir grubundadir. Tiiketici hane halklarinda ¢aligan kadin orani %15 ve 18 yasindan
kiigiik ¢ocuk bulunma oran1 %39’dur (Tablo 1).

Tablo 1. Tiiketicilerin sosyo-ekonomik ozellikleri
Table 1. Socio-economic characteristics of consumers

Degisken adi Ortalama Standart
Sapma

Fast food tiiketim siklig1:
0:hig tikketmiyorum, 0.379 0.49

1:bazen tiiketiyorum, FFS 0.176 0.38
2: siklikla tiiketiyorum 0.445 0.49
Medeni durum: 0:bekar, 1:evli MEDENI 0.60 0.49
Cinsiyet: 0:kadn, 1:erkek CINS 0.61 0.48
Hane halki birey sayis1 (kisi) HANE 3.38 1.32
Viicut kitle endeksi (vki) VKIi 25.10 4.52
Yas

18-25:1, digerleri:0, YAST* 0.21 0.40
26-40:1, digerleri:0, YAS2 0.47 0.50
41 ve lizeri:1, digerleri:0 YAS3 0.32 0.46
Egitim

Ortaokul ve alt1:1, digerleri:0 EGT1* 0.23 0.42
Lise:1, digerleri:0 EGT2 0.29 0.45
Lisans ve iizeri:1, digerleri:0 EGT3 0.48 0.50
Gelir (TL/ay)

<2400 (Disiik gelir) GELIR1* 0.27 0.44
2401-4000 (Orta gelir) GELIR2 0.39 0.48
>4001 (Yiksek gelir) GELIR3 0.34 0.47
Evde ¢alisan kadin olma durumu: 0:yok, 1:var KCALISMA 0.15 0.36
Evde 18 yasindan kiigiik cocuk olma durumu: 0:yok, 1:var COCUK 0.39 0.48
Alis Veris merkezi gitme durumu (kez/ay)

<2kez AVMI1* 0.37 0.48
3-5kez AVM2 0.37 0.48
6 kez > AVM3 0.26 043
Anket yapilan il merkezi

Konya:1, digerleri:0 L1 0.26 0.44
Kayseri:1, digerleri:0 L2 0.34 0.47
Ankara:1, digerleri:0 iL3 0.40 0.48

* Referans olarak kullamlan degiskenler

Arastirmada, SLR modeline ait tahmin edilen katsayilar, standart hata, p-degeri ve odds oranlar1 Tablo 2°de
verilmistir. Modelde Log-Likelihood=274.51, Ki-kare=155.61 ve p<0.001 olarak hesaplanmis olup bu degerler
modelin anlamli oldugunu ortaya koymaktadir. SLR modeli i¢in kargilanmas1 gereken diger 6nemli bir varsayim
paralel egriler (dogrular) varsayimidir. Modelden elde edilen sonuglarin giivenirligi ve dogrulugu i¢in bu varsayim
saglanmalidir (Ayhan, 2006). Paralel egriler varsayiminda parametre tahmin degerleri bagimli degiskenin
kategorilerine gore degisiklik gostermez ve parametre tahminleri esik noktalarma (kesme noktasi) gore
degismemektedir (Akin ve Sentiirk, 2012). Ki-kare testi sonuglarma gore p=0.710 olarak hesaplanmistir. Bu
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sonuglara gore parametre tahminleri ayn1 esik noktasindan gegmektedir ve paralel egriler varsayimi saglanmigtir.
SLR modelinin uygunlugunu belirlemek i¢cin Pearson Ki-Kare ve sapma (deviance) testleri kullanilmistir. Pearson
Ki-kare ve sapma testleri anlamlilik diizeyleri sirastyla ppearson=0.163 ve psapma=1.000 olarak hesaplanmistir. Bu
degerlere gore model veriler ile uyumludur. Modelin uyum iyiliginin ortaya konuldugu bir bagka deger Negelkerke
R?dir ve 0.419 olarak hesaplanmustir (Tablo 2). Bu deger bagimli degiskendeki degisimin %41.9’unu modeldeki
bagimsiz degiskenler tarafindan agiklandigini ortaya koymaktadir.

Analize yas, egitim, gelir ve Avm’ye gitme siklig1 degiskenlerine ait referans degerler dahil edilmemistir. Tablo
2’ye gore tiiketicilerin fast food tiiketim sikligi ile viicut kitle indeksi (vki), yas, egitim, gelir, aligveris merkezlerine
gitme siklig1 ve tiiketicilerin bulunduklart kent merkezi degiskenleri arasinda istatistiksel olarak anlamli bir iligki
oldugu saptanmustir (7ablo 2). Fast food tiiketim sikligi ile viicut kitle indeksi, yas ve tiiketicilerin bulunduklari
kent merkezi degiskenleri arasinda negatif, egitim, gelir, avm’ye gitme siklif1 arasinda pozitif yonlii bir iliski
oldugu tespit edilmistir. Diger degiskenler sabitken tiiketicilerin vki’sindeki bir birim artis tiiketicilerin daha sik
fast food tiiketme olasiligin1 0.94 kat azaltmaktadir (7ablo 2). Viicut kitle indeksi yiiksek olan tiiketicilerin daha
az siklikta fast food tiiketmeleri beklenen bir durum olup arastirmadan elde edilen sonuglar ile desteklemektedir.

Elde edilen sonuglara gore tiiketici yasi ile fast food tiiketim siklig1 arasinda ters yonlii bir iligki oldugu
saptanmustir (7ablo 2). Buna gore 41 ve iizeri yas grubunda bulunan tiiketicilerin 18-25 yas grubundakilere gore
fast food tiiketim siklig1 0.34 kat daha azdir. Genglerin yash bireylere gore daha sik fast food tiikettigini sonucuna
ulagilmistir. Elde edilen sonuglar konu ile ilgili diger arastirma sonuglari ile benzerlik géstermektedir. Ornegin
Mersin ili kent merkezinde Unur ve Gok (2012) tarafindan yapilan arastirmada fast food tiiketenlerin
cogunlugunun 20-25 yas grubundakiler oldugu saptanmistir. Nijerya’da yapilan bir arastirmada fast food
tilketenlerin %51’inin gengler oldugu tespit edilmistir (Odemero ve Bernice, 2018). Adana’da yapilan bir bagka
arastirmada yas ile fast food tiiketim siklig1 arasinda pozitif yonlii bir iligki tespit edilmistir (Akbay ve ark., 2007).
Yazarlar bu durumu yash bireylerin Tiirk tipi, geng bireylerin ise daha ¢ok bati tipi fast food tiiketmelerinden
meydana geldigini belirtmislerdir.

Egitim diizeyi tiiketicilerin tiiketim harcamalarinda etkili 6nemli bir faktordiir. Elde edilen sonuglara gore
lisans ve iizeri egitim (EGT3) grubundaki tiiketiciler ile fast food tiikketim siklig1 arasindaki iligki istatistiksel olarak
anlamlidir (p<0.001). Buna gore lisans ve {izeri egitim diizeyinde bulunan tiiketicilerin daha sik fast food tiiketme
olasilig1 ortaokul ve alt1 egitim grubunda bulunanlara gére 4.61 kat daha fazladir. Diger bir ifadeyle egitim
diizeyinin yiliksek olmasi fast food tikketim sikligini artirmaktadir (7ablo 2). Bu durum yiiksek egitim diizeyi talep
eden islerde calisan bireylerin yogun calisgma temposunda yemek icin daha az zaman ayirmalarindan
kaynaklanmaktadir. Odemero ve Bernice (2018) Nijerya’da yaptiklari arastirmada egitim diizeyinin artmasinin
fast food tliketimini arttirdig1 sonucuna ulagmislardir. Ayni sekilde Akbay ve ark. (2007) ytiksek egitim diizeyi
olan tiiketicilerin daha sik fast-food tiikettigini tespit etmislerdir.

Bir bagka 6nemi ekonomik faktdr olan tiiketici gelirinin fast food tiiketim siklif1 iizerine pozitif bir etkisi
oldugu belirlenmistir (p<0.001). Tablo 2’ye gore yiiksek gelir grubunda bulunan tiiketicilerin diger gelir gruplarina
gore daha sik fast food tiiketme olasilig1 fazladir. Elde edilen bu sonucu yiiksek egitim diizeyi ile iligkilendirmek
miimkiindiir. Bu sonug daha gelir ve egitim diizeyi bakimindan daha yiiksek statiiye sahip tiiketicilerin daha diisiik
statiide bulunan tiiketicilere gore daha fazla fast food tiiketme egiliminde oldugunu ortaya koyan dnceki ¢aligmalar
ile benzerlik gostermektedir (Angulo ve ark. 2002; Akbay ve Boz, 2005; Akbay ve ark. 2007; Odemero ve Bernice,
2018). Ayrica, iran’da yapilan bir arastirmada Saghaian ve Mohammadi (2018) tiiketicilerin gelir ve egitim diizeyi
ile fast food tiiketim siklig1 arasinda negatif iliski oldugu sonucuna ulagmislardir.

Avm’ler gerek aligveris gerek eglence ve gerekse gida tiiketim merkezleri olup tiiketilen icerisinde tiiketilen
gidalar icerisinde fast food tirlinleri 6nemli bir paya sahiptir. Aragtirma sonuglar1 degerlendirildiginde tiiketicilerin
avm’ye gitme sayilar1 arttikca fast food tiikketme sikliklarmin arttig1 goriilmektedir (7ablo 2). Tabloya gére avm’ye
ayda 3-5 kez gidenlerin (AVM?2) 2 ve 2’den daha az gidenlere gore fast food tiiketim sikliklart 3.53 kat, 6 ve daha
fazla gidenlerin (AVM3) ise referans gruba kiyasla daha sik fast food tiiketme olasiliklar1 5.42 kat fazladir. Dikkat
ceken diger anlamli bir degisken anket yapilan kent merkezidir. Elde edilen sonuglara gore fast food tiiketim siklig
ile Kayseri il merkezinde bulunan tiiketiciler arasinda negatif bir iliski oldugu saptanmistir (p<<0.001). Bu sonuca
gore Kayseri’de bulunan tiiketicilerin Konya ilinde bulunan tiiketicilere gore daha az siklikta fast food tiikettigi
belirlenmistir. Diger bir ifade ile Konya ilinde Kayseri iline gore fast food tiiketim siklif1 daha yiiksektir. Konya
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il merkezinde Kayseri il merkezine gére daha fazla 6grenci bulunmasimin bu sonucun ortaya ¢ikmasinda etkili
oldugu sdylenebilir. Bununla birlikte bu durumun ortaya ¢ikmasinda Kayseri ilinde bulanan tiiketicilerin daha
geleneksel yiyeceklere tiiketmeleri etkili olmaktadir. Aragtirmada hanede ¢alisan kadin bulunmas: ile fast food
tilketim siklig1 arasinda istatistiksel olarak anlamli bir iliski saptanmamistir (p>0.10). Ancak hanede calisan kadin
bulunmasi ile fast food tiiketimi arasinda pozitif yonlii bir iliski beklenmektedir. Bu durumun ortaya ¢ikmasinda
hane halki reislerinin daha fazla isgiiciine katilimma ragmen kadinlarin daha disiik iicretli islerde ¢alismasi ve
isgiiciine daha az katilmasinin etkili oldugunu séylemek miimkiindiir.

Tablo 2. Tiiketicilerin fast food tiiketim sikligini etkileyen faktorler
Table 2. Factors affecting frequency of consumers’ fast food consumption

Degiskenler Katsay1 Standart Hata p degeri Odds Oram
MEDENI -0.302 0.374 0.420 0.739
CINS -0.323 0.276 0.242 0.724
HANE -0.101 0.106 0.339 0.904
VK** -0.061 0.031 0.050 0.941
YAS2 -0.540 0.393 0.169 0.583
YAS3*** -1.059 0.479 0.027 0.347
EGT2 0.370 0.369 0.317 1.447
EGT3*** 1.529 0.390 0.000 4.611
GELIR2 0.436 0.312 0.163 1.546
GELIR3*** 1.310 0.370 0.000 3.706
KCALISMA -0.183 0.406 0.651 0.832
COCUK -0.122 0.331 0.713 0.886
AVM2*** 1.263 0.285 0.000 3.538
AVM3##* 1.692 0.336 0.000 5.428
L% -1.366 0.338 0.000 0.255
iL3 -0.236 0.297 0.427 0.790
Jesik 1 -1.822 0.985 - -
Jesik 2 -0.774 0.980 - -

Log-Likelihood=274.51, Ki-kare=155.61, Negelkerke R?=0.419, * ** **%: 0.10. 0.05. 0.01 istatistiksel olarak
anlamlilik diizeylerini ifade etmektedir.

4. Sonug¢

Son yirmi yil degerlendirildiginde tiiketicilerin egitim, gelir ve yasam tarzlarinda meydana gelen dnemli
degisiklikler ve zaman faktorii tilketim aligkanliklarini etkilemis ve tiiketicileri daha fazla ev disinda yemek
yemege yonlendirmistir. Fast food, Tiirk¢e karsiligi ile hazir yemek, ev dis1 yemek kiiltiirii icerisinde 6énemli bir
role sahip, gerek diinyada gerekse Tiirkiye’de hizla yayilan ve biilyiliyen bir sektor olarak dikkat ¢ekmektedir.
Tiiketim davranislarindaki degisiklikler g6z oniine alindiginda, tiiketicileri fast food triinleri tiilketmeye tesvik
eden faktorlerin belirlenmesi 6nemli olup, bu yonde yapilan arastirmalara halen ihtiyag vardir.

Bu arastirmada I¢ Anadolu Bélgesinde bulunan en biiyiik ii¢ kent merkezinde tiiketicilerin fast food tiiketim
sikliginda etkili olan sosyo ekonomik faktorlerin belirlenmesi ve bu faktorlerin etkilerinin ortaya konulmasi
amaglanmistir. Bu ama¢ dogrultusunda toplam 346 tiiketici ile anketler yapilmis ve elde edilen veriler Siral
Lojistik Regresyon analizi ile degerlendirilmistir.

Analiz sonuglarma goére bazi sosyo-ekonomik degiskenlerin fast food tiiketim siklig1 lizerine etkisi oldugu
tespit edilmigstir. Tiiketicilerin fast food tiiketim siklig1 ile gelir, egitim diizeyi ve tiiketicilerin Avm’ye gitme sayisi
ile arasinda pozitif, viicut kitle indeksi, yas ve tiiketicilerin bulundugu il merkezi ile negatif yonlii ve istatistiksel
olarak anlamli bir iliski oldugu tespit edilmistir. Ozellikle sosyo-ekonomik diizeyi yiiksek olan tiiketicilerin diigiik
olanlara gore daha sik fast food tiiketmektedir. Bu sonuca gore daha yiiksek egitim ve gelir grubunda bulunan
tiketiciler daha ¢ok Avm’ye gitmekte ve diger tiiketicilere gore daha sik fast food tiiketmektedir. Bununla birlikte
daha batida bulunan kent merkezlerinde daha sik fast food tiiketildigi belirlenmistir. Elde edilen sonuglara gore
Konya il merkezinde fast food tiiketim siklig1 Kayseri il merkezine gore daha fazladir.

442



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021, 18(3)

Aragtirmadan elde edilen sonuglar 15181nda bazi 6neriler gelistirilmistir. Gelir ve egitim diizeyinin artmasi fast
food tiiketim sikligini artirmaktadir. Bu durumun ortaya ¢ikmasinda uzun calisma saatleri etkili oldugunu
sOylemek miimkiindiir. Genellikle gelir diizeyi yiiksek olan ailelerde bayanlarin da i hayatinda yer almasi ¢calisma
stiresini artirmakta ve evde yemek pisirilme sikligim azaltmaktadir. Fast food iriinlerinin saglk agisindan
dezavantajlar1 géz Oniine alindiginda karar vericiler tarafindan fazla ¢alisma saatlerine yonelik diizenlemeler
yapilabilir. Ozellikle 10 yasindan kiigiik cocugu olup calisan bayanlara daha esnek ¢alisma saatleri saglanabilir.
Bu sekilde yapilacak diizenlemeler ile yogun ¢aligma temposu azalan bireylerin evde saglikli gidalar tiiketmeleri
artirilabilir. Diger 6nemli bir sonug, genglerin daha ¢ok fast food tiiketimine yonelmesidir. Fast food iiriinlerin
zararl etkilerine yonelik diizenlenecek olan bilgilendirme ¢aligmalarmin artirilarak geng niifusa daha fazla
ulasilmasi saglikli nesillerin yetigsmesi acisindan 6nemlidir.
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Empirical Modelling of Global Solar Radiation in Hatay (Turkey) Province
Hatay (Tiirkiye) ili Kiiresel Giines Radyasyonunun Ampirik Modellemesi

Recep KULCU", Rabia ERSAN?

Abstract

There are many models used in global solar radiation prediction. However, these prediction models vary according
to the climate and geographic characteristics of the region involved. When the prediction model determined for a
region is used in a different region, the prediction model may not work. In order to gain absolute and stable results
from these models, the studies should be either custom-made or tested.

In this study, 7 different models were examined, comparison charts were created and statistical interpretations
were made in order to determine the monthly average global solar radiation coming to the horizontal plane taking
into account the climatic characteristics of Hatay province, located in the eastern 39.92° latitude and northern
longitude 36.16° covering an area of 5403 km, and has a humid climate with a value of 41.3, based on De
Martonne-Gottmann’s drought index and 50.6 based on Ering's rainfall efficiency index.

Under the scope of this study, the most ideal global solar radiation prediction model was selected by making a
statistical evaluation according to the parameters of determination coefficient (R?), mean percentage error (MPE),
mean deviation error (MBE), root mean square error (RMSE).

A general assessment of the graphics and statistical parameters of the predictions obtained by using the models
and the measured data has indicated Model 4 as the most successful model by an RMSE value of 0.17306, and the
least successful model was Model 3 by an RMSE value of 2.11851.

When the models are interpreted according to the determination coefficient, it has been observed that other models
are generally successful. However, this situation does not coincide with the comparison charts of the predicted and
measured data. For this reason, it was seen that the determination coefficient was not sufficient in the statistical
evaluation of the prediction models. In the interpretation of the models, it was observed that the interpretation of
root mean square error, mean percentage error and mean deviation error values together gave more accurate results.

In conclusion, it has been suggested that Model 4 should be preferred for the global solar radiation forecast of
Hatay province.
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Oz

Global giines radyasyonu tahmininde kullanilan ¢ok sayida model bulunmaktadir. Ancak bu tahmin modelleri,
kullanilan bélgenin iklim ve cografi 6zelliklerine gore degiskenlik gostermektedir. Bir bolge igin belirlenen tahmin
modeli farkli bir bolgede kullanildiginda basarili tahminler verememektedir. Bu modellerden dogru sonuglar

alinabilmesi i¢in ¢alismalarin bolgesel dlcekte test edilmesi, model katsayilarinin hesaplanmasi ve bolgeye uygun
modelin tespit edilmesi gerekmektedir.

Bu calismada, 5 403 km yiizdl¢iimiine sahip, 39.92° kuzey enlemi ile 36.16° dogu boylaminda yer alan, Ering’in
yagis etkinlik indeksine gore 50.6 degeri, De Martonne-Gottmann kuraklik indisine gére 41.3 degeri ile nemli
iklim ozelligine sahip Hatay ilinde yatay diizleme gelen aylik ortalama global giines radyasyonunun tahmin
edilebilmesi i¢in 7 farkli model incelenmis, karsilastirma grafikleri olusturulmus ve istatistiksel parametreler
dogrultusunda yorumlamalari yapilmistir. Caligma kapsaminda modellerin, determinasyon katsayisi (R?), ortalama
yiizde hata (MPE), ortalama sapma hatasi (MBE) ve ortalama karekok hatasi (RMSE) parametrelerine gore
istatistiksel degerlendirmeleri yapilarak, Hatay ili i¢in global giines radyasyonu degerlerini en dogru tahmin eden
model belirlenmistir.

Modeller kullanilarak elde edilen tahminler ve dlgiilen gergek verilerin grafikleri ve istatistiksel parametreler genel
olarak degerlendirildiginde; en basarili modelin 0.17306 RMSE degeri ile Model 4, en diisiik basaridaki modelin
2.11851 RMSE degeri ile Model 3 oldugu goriilmiistiir.

Modeller determinasyon katsayisina gore yorumlandiginda diger modellerinde genel olarak basarili oldugu
goriilmistiir. Fakat bu durum tahmin edilen ve 6lgiilen verilere ait karsilastirma grafikleri ile ortiismemektedir. Bu
nedenle tahmin modellerinin istatistiki olarak degerlendirilmesinde determinasyon katsayisinin yeterli olmadig:
goriilmiistiir. Modellerin yorumlanmasinda ortalama karekdk hatasi, ortalama yiizde hata ve ortalama sapma hatasi
degerlerinin bir arada yorumlanmasi ile daha dogru sonuglar verdigi belirlenmistir.

Sonug olarak Hatay ili global giines radyasyonu tahmini i¢gin Model 4’iin tercih edilmesi 6nerilmistir.

Anahtar Kelimeler: Giines enerjisi, Giines radyasyonu, Global giines radyasyonu, Modelleme, Hatay
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1. Introduction

Reserves of energy and other resources are gradually decreasing with the increasing population of the earth.
This situation directs us to sustainable and more efficient use of resources and reveals the importance of renewable
resources. Solar energy is a low cost resource because of being both abundant and renewable as well as having no
fuel cost. In addition to these, the fact that most of the environmental problems arising from the use of fossil fuels
are not experienced in the production of solar energy makes this type of energy clean and environmentally friendly
(Varinca and Goniillii, 2006; Tiirkboylari, 2018; Tiirkboylar1 and Yiiksel, 2021). The use of solar energy, which
is seen as a natural and inexhaustible energy among all renewable resources, has become increasingly widespread
in recent years. Academic studies conducted in the field of solar energy systems, the biggest energy source among
renewable energy sources; are all concentrated towards the correct use of the potential and increasing its efficiency.
Many commercial products are emerging in the field of solar energy due to the absence of environmental polluting
wastes, simple applicability and the fact that no complex technology is required in thermal applications. Solar
energy constitutes the basis of life on earth and is an abundant and clean resource. The sun is a natural fusion
reactor that emits energy in the form of electromagnetic radiation into space (Karakaya et al., 2019). The basic
input in solar energy systems is the amount of radiation from the sun. The amount of energy coming from the sun
through the atmosphere is certain and it is approximately 1370 W/m?. However, the amount of this value reaching
earth varies between 0-1100 W/m? depending on climatic, atmospheric and topographic elements. Energy from
the sun, due to atmospheric factors (dust, fog, mist, cloudiness, etc.), is partially absorbed by or changes direction
in the atmosphere. The remaining part reaches the earth on different types of surface (e.g., soil, plant, bare land,
water, artificial surface, etc.) and is absorbed again in different levels depending on the topography and texture
while some is reflected back. Due to this complicated trip, the part of the radiation reaching the earth from outside
of the atmosphere cannot be calculated precisely. In this context, prediction models developed by different
researchers are being used.

The operating costs of solar energy systems are very low. In solar energy facilities, the main cost item is
investment cost. The breakeven points and internal profitability ratios of these systems depend on the amount of
energy generated, which is the sole revenue item of the facility. The main factor affecting the energy to be
generated in solar energy facilities is the amount of global solar radiations. For this reason, feasibility studies are
carried out before solar power plants are established. The success of the models that predict the global solar
radiation is of great importance in order to perform feasibility studies in a healthy way.

Calculating the exact amount of global solar radiation is not only important for solar energy facilities but it is
also important in terms of buildings to have heat loads for cooling purposes, evaluating passive building heating
systems and examining the performance results, analyzing the operating performance of systems that provide solar
energy collection and conversion. Thanks to the data obtained, it becomes easier to obtain optimum parameters in
agriculture, use of water resources, detecting solar radiation behavior and defining architectural designs (Glingdr
et al., 2005).

There are many models used in global solar radiation prediction. However, these prediction models vary
according to the climate and geographic characteristics of the region involved. When the prediction model
determined for a region is used in a different region, the prediction model may not work. In order to gain absolute
and stable results from these models, the studies should be either custom-made or tested (Kallioglu et al., 2017).
Ertekin and Yaldiz (1999) tried to estimate the monthly global solar radiation for Antalya province using the multi-
liner regression equation using combinations of each of nine variables, individually and together, including the
extraterrestrial radiation, solar declination, mean relative humidity, ratio of sunshine duration, mean temperature,
mean soil temperature, mean cloudiness, mean precipitation and mean evaporation. According to the results of this
study, it was seen that the equation in which nine variables were used together had the highest R? (0.99861), and
the MPE (1.956) and RMSE (2.495) values were within acceptable ranges. Almorox et al. (2013) made estimation
of daily global solar radiation from measured temperatures using Hargreaves-Samani model, Allen model, Samani
model, Bristow-Campbell model, Almorox model and liner regression model in Canada de Luque, Cordoba,
Argentina. In the results of this study, Samani model using the max-min temperature difference gave low R? values
when estimated with its own coefficients, but high R? values when adapted to the region. This model had R?* of
0.887, RMSE of 2.046, MBE of -0.080 and MPE of -2.481.
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Karakaya et al (2019) statistically compared the data of global solar radiation prediction models using 5 models,
namely Veeren and Kumar, Cheegar and Chibani, Ampratwum and Dorvlo, Bahel, Luhanga and Andringa, in this
study they conducted in the Sanliurfa region. They reported that the closest value to the measurement results was
Cheegar and Chibani Model with a value of 0.9912 R?. When Cheegar and Chibani Model were compared with
real meteorological data, it was seen that the difference between the developed models was very small. Kiilcii et

al. (2017), estimated global solar radiation on horizontal surfaces for Mersin city using 6 empirical models. Model

S
" [1.333962 (%

6(—= )l +0.002578 w,) gave the most successful estimation (RMSE of 0.8576, MBE of -0.3251, MPE
Hy | 0.044188 wq

0f-4.7622) among using models. Bulut and Biiyiikalaca (2007), the global solar radiation forecasts based on the
trigonometric functions developed by modeling themselves had applied for Turkey's 68 provinces. According to
the results of the study, Antakya was among the most successful provinces (RMSE of 2.91 and R? of 0.90).

The purpose of this study is to test each one of the 7 different models in the literature and identify the model,
along with all its values and coefficients, which can be applied under Hatay conditions to predict the global solar
radiation amount of the province.

2. Material and Methods

It takes place in the sun belt as well as the geopolitical position of Turkey is of great importance in terms of having
to climatic wealth. In this study, the amount of global solar radiation reaching Turkey's southernmost Hatay province,
located in the eastern 39.92° latitude and northern longitude 36.16°, covering an area of 5403 km, has been tried to be
predicted using meteorological data (Figure I). With statistical interpretations, the ideal global solar radiation
prediction model for Hatay province has been determined.

Total Solar
Radiation

KWh/m™ day
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[] 1500-1550
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” [ 17001750
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Figure 1. Hatay province solar energy potential spatial map (Anonymous 2020a)

Located in the south of our country, on the eastern shores of the Gulf of Iskenderun, at an altitude of 89 m above
sea level, the province of Hatay has a warm and temperate climate. According to the values calculated by using the
measurement data between the years 1940-2019, the region has a humid climate with a value of 41.3, based on De
Martonne-Gottmann’s drought index and 50.6 based on Ering's rainfall efficiency index. It was observed that the
highest temperature in the region was 44.6° C in July on 02.07.2017 and the lowest temperature was in January with -
11.8° C on 14.01.1950, according to the multi-year climate data of the General Directorate of Meteorology. Annual
average sunshine duration is 86.2 hours (Anonymous, 2020b).

2.1. Calculation of the amount of solar radiation coming out of the atmosphere in Hatay

The amount of daily extra-terrestrial solar radiation calculated using Equations 1 and 2 (Duffie and Beckman, 2006;
Mengec et al., 2006).
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H, = —24"3620"G“f [COS(p Cosé sinw, + %wsSimpSiné] (Eq.1)
360n
f=1+0033(Cos2r) (Eq.2)

Ho value is calculated using declination and clock angles. Declination angle refers to the angle between the plane
on which the earth rotates around the sun and the equatorial axis. And this angle takes the maximum value on June 21,
minimum value on December 21, and becomes zero on March 21 and September 21.

The angle of declination, which varies depending to the day of the year (as of January 1), was calculated using
equation number 3 (Duffie and Beckman, 2006; Cooper, 1983).

§ = 23.45 Sin (360 ”*284)

s (Eq. 3)

The sunset hour angle refers to the angle between the expected sunray latitude (at sunset hour) and the
calculated latitude. The sunset hour angle was calculated using Equation 4 (Ertekin et al., 2008).

w, = arccos[—tan(p)tan(5)] (Eq. 4)

2.2. Calculation of the global monthly average daily solar radiation in Hatay

Models in the literature were used in calculating the solar radiation reaching the earth's surface in Hatay. In the
models in the literature, S/SO (Cloudiness coefficient) and clock angle (ws) coefficient are used as variables. Here,
S refers to the sunshine duration of that day on the date and coordinate calculated, and SO refers to the total day
length in the same day and in the same place. While the S value was determined according to meteorological
measurements, the SO value was calculated using equation number 5 (Duffie and Beckman, 2006).

50:1—2500517‘1 -tan&tan @ (Eq. 5)

2.3. Models used in the study

Within the scope of the study, seven different models in the literature were applied for the province of Hatay.
These models were given in Table 1.

Table 1. Global solar radiation prediction models used in the study

Model No Model
Model 1 H_ .. (i)
(Angstrom, 1924; Presscott, 1940; Duffie and Beckman, 1980) Hy 12 So
Model 2 Ez . (i)ca
(Elagib and Mansell, 2000) H, ' 2\s,
Model 3 ﬁ =, /%)
(El-Metwally, 2005) Hy
S

Model 4 H_|@ (S_o) rerw
(Kiilcii, 2015) Hy | cow, | °7°
Model 5 E=c +c (ﬁ) +c3lo (—)
(Ampratwum and Dorvlo, 1999) H, 2\s,) 8 \s,
Model 6 H e (E)
(Almorox and Hontoria, 2004) Hy 17C2€Xp So

H > S
Model 7 H_ S_o/ >
(Kiilcii, 2019) H, =crtelog| Y w, |t (So)
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2.4. Statistical parameters used to test the prediction success of the models

In order to compare the prediction capabilities of the models examined within the scope of the study; MPE
(mean error percentage) in Equation 6, MBE (mean deviation error) in Equation 7, RMSE (root mean square error)
in Equation 8 and R? (Coefficient of determination) in Equation 9 have been calculated.

The coefficient of determination is an indicator of the interdependence between variables, and the closer this
value is to one, the stronger the bond between variables. The root mean square error (RMSE) is the indicator of
the deviation between the measured and calculated values and provides information about the short-term
performance of the model under study. The closer the RMSE value is to zero, the better the performance of the
model is evaluated. Mean deviation error (MBE) provides information about the long-term performance of the
model under study. The closer the MBE value is to zero, the higher the model's performance. If this value is
positive, it indicates that a prediction has been made above the calculated value, if it is negative, it indicates that a
prediction has been made below the calculated value. Average error percentage (MPE) is an indication of the
percentage value of the deviation between the measured and calculated values, and the closer the value to zero,
the higher the performance of the model (Tirmikg1, 2018).

1 Hijp—Hjo
MPE = -3}, (';—) X100 (Eq. 6)
1
MBE = < 1 (Hip — Hio) (Eq. 7)
1 2
RMSE = \/ﬁ ¥, (Hip — Hi,) (Eq. 8)

N
Zi=1(Hip_Hipa)(Hio_Hioa)

R? =
\/[Z?’:1(Hip_Hipa)2] [Zli\il(Hio_Hioa)z ]

(Eq. 9)

3. Results and Discussion

The global radiation values predicted by the models used in the study and the monthly changes of the values
measured from the meteorology station in the city of Hatay are shown in graphs.

Figure 2 shows the data measured with the values predicted by Model 1. According to the comparison of the
forecast-measured data curve given in Model 1, the predicted values were found to be below the measured value
in the period between the end of February and the middle of June. The prediction values in February and June gave
the values closest to the measured value. In other months of the year, the predicted values were slightly above the
measured value. Figure 3 shows the predicted values and measurement values indicated by Model 2. Model 2 has
obtained the most accurate predictions throughout February, the last week of April, the first week of July, and the
period from mid-September to December.
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Figure 2. Data predicted and measured by model 1.
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Figure 3. Data predicted and measured by model 2

The prediction values indicated by Model 3 are shown in Figure 4. Model 3 made the furthest predictions
among all the models used within the scope of the study. Model 3 made predictions far from measured values,
except for the last week of April and the end of September.
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Figure 4. Data predicted and measured by model 3.

The prediction values achieved by using Model 4 are shown in Figure 5. Model 4 has made some very
successful predictions. While it made lower predictions from the measurement values in January and June, it made
higher predictions in other months of the year.
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Figure 5. Data predicted and measured by model 4.
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Figure 6 shows the changes in predicted values achieved by Model 5. The predictions made by Model 5 are
also very successful. The model obtained higher predictions between January 5 and May, from mid-July to the
first week of August, and during October-December, with the furthest prediction being June.
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Figure 6. Data predicted and measured by model 5.

Global solar radiation values predicted by Model 6 are shown in Figure 7. In the forecasts made by Model 6,
higher predictions were obtained in the period from the last week of February to mid-March, in the first week of
July, and in the period from the last week of September to mid-November. And the predictions in other months

were lower than the measurement values.
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Figure 7. Data predicted and measured by model 6.

Figure 8 shows the changes of the predicted values achieved by Model 7. Predictions very close to the
measured value were obtained in the period starting from mid-February and extending to mid-March, mid-May,

in mid-July, and from late September to mid-December.
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Figure 8. Data predicted and measured by model 7.

Table 2 shows the results of statistical analysis performed by using the predicted data and measured data of the
models. The MBE parameter provides information about the long-term performance of the model. If this value
gives negative values, it shows that it is below the prediction, and positive values show that it is above the
prediction. The MPE parameter provides information about the average percentage deviation between the
calculated and measured values. The RMSE parameter provides information about the short term performance of
the models. The RMSE value is always positive and compares the actual deviation between the calculated values
and the measured values for each term. The R? parameter shows the importance of the relationship between
calculated and measured values. If this value is close to 1, the relationship between the calculated and measured
value is important, and the fact that it is far from 1 indicates that the level of importance is low. The ¢ values in
Table 2 represent the constants used in the models and are the results calculated to predict the global solar radiation
levels of the province of Hatay within the scope of the study.

Table 2. Statistical analysis results of the models.

C1 C2 c3 MPE MBE RMSE R?
Model 1 0.21619 0.35699 - 1.26822 0.05393 0.35727 0.99658
Model 2 0.00000 0.55884 0.49341 0.87998 0.04295 0.29597 0.99761
Model 3 0.00134 - - -14.57251 -0.59046 2.11851 0.99498
Model 4 1.02219 0.04107 0.00295 0.80490 0.03568 0.17306 0.99931
Model 5 0.58639 0.04302 0.54696 0.34448 0.02622 0.26443 0.99792
Model 6 0.28767 0.03403 - 2.56235 0.09840 0.55411 0.99245
Model 7 0.21619 0.00000 0.35699 1.26822 0.05394 0.35727 0.99658

When the statistical evaluation parameters in Table 2 are examined; while the highest R? value was calculated
for Model 4 with a level of 0,99931, the lowest R? value was calculated for Model 6 with a level of 0.99245. The
R? value of all the models was above 0.99, and it was observed that the predicted data were in a very high
relationship with the measured data. When the graphs of the predicted and measured data were examined, it was
seen that the model closest to the measured value was Model 4, and the RMSE value was found to be lower than
the other models with a value of 0.17306. Model 4's MBE value was calculated at 0.03568 and MPE value at
0.80498.

When the graphs of the predicted and measured data were examined, it was seen that the model furthest to the
measured value was Model 3. The determination coefficient of this model was calculated to be 0.99498, and this
result showed that there was a strong relationship between variables. However, the RMSE (2.11851) value
calculated for this model showed that the error level of the model was higher than the others. When the average
deviation error of the model was examined, it was seen that it made predictions below the measured value with
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the value of -0.59046 and it was observed that the performance of the model was low with the average percentage
error of -14.57251.

Although the solar energy potential of the Hatay province on the average of Turkey, It causes a partial decrease
in the amount of radiation because of it has low altitude in terms of topography, high amount of humidity and
number of foggy days (Gegen, 2019). Due to this feature of region, it is thought that Model 4, which is based on
cloudiness coefficient and time angle, is effective in giving more successful results for region. As a result of this
study, when estimates made by Model 4 for the province of Hatay were compared with the literature data; It wass
seen that the RMSE value of Model 4 was lower than other studies. The R? value of Model 4 was also calculated
higher than the studies in the literature. In addition, in the modeling study (Model 6 used by Kulcu) carried out by
Kiilcii (2017), it was determined that the same model was also successful for Mersin.

4. Conclusion

Studies on global solar radiation prediction are based on the Angstrom-Prescott model or adaptation of other
developed empirical models according to the spatial or climate characteristics of the region to be predicted and selecting
the model that gives the most successful forecast. In this study, global solar radiation estimation of the region was made
using 7 different empirical models according to the climate and geographic characteristics of Hatay province, and the
most successful model was selected by evaluating the statistical results.

When the graphs of the data measured by using the predictions obtained by the models and the statistical parameters
are evaluated in general, it is seen that the model that makes the closest prediction to the actual value is Model 4 with
an RMSE value of 0.17306, and the model that makes the furthest prediction is Model 3 with an RMSE value of
2.11851. Other models are also found to be generally successful.

It has been observed that the determination coefficient was not sufficient in the statistical evaluation of the
prediction models. It has also been observed that interpreting root mean square error values together with MPE and
MBE values yields more accurate results. The same has also been observed in the comparison charts of predicted and
measured data.

Regional and climatic characteristics such as geographical location, topographic structure, sunshine duration,
cloudiness, temperature, precipitation, vapor pressure was used in solar forecast models. These parameters give
different results in different regions. For this reason, it is recommended to work on more than one model in future
studies and to validate the selected model for that region. It is thought that this study will be a guide in the planning
phase of the studies to be carried out and the facilities to be established based on solar energy in the Hatay region.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Prediction of Photovoltaic Panel Power OQutputs Using Time Series and Artificial Neural
Network Methods

Zaman Serileri ve Yapay Sinir Ag1 Yontemleri Kullanilarak Fotovoltaik Panel Gii¢
Cikislarinin Tahmini

Aylin DUMAN ALTAN', Bahar DIKEN?, Birol KAYISOGLU?
Abstract

Solar energy is one of the renewable energy sources that has been in high demand in the last decades. With the
increasing penetration of photovoltaic (PV) systems in around the world, accurate estimation of the power output
of PV systems has become an important issue. Since PV systems directly convert sunlight into electrical energy,
PV power output varies depending on environmental conditions. In order to deal with the periodic and non-
stationary problems of PV output power, modelling methods are widely use for forecasting. The main purpose of
this study is to lead an assessment of forecasting of the PV power outputs in short-time. For this purpose, data are
obtained from experimental activities carried out on a real 250 kW, PV stystem, which is located in T.C Tekirdag
Namik Kemal University, Siileymanpasa district of Tekirdag province. All parametres are measured hourly with
three times according to inclination of the panel setups (0°, 30°,60°). In this sense, this study differs from the
previously studies in literature, as it expands the forecasting model with considering of different panel angle. In
the first stage, the significant variables for predicting PV power output are identified based on both correlation
analysis and stepwise regression analysis. The findings are shown that solar radiation and angle of inclination of
the panel are significant predictors of the generation of PV power. In the second stage, three different model are
proposed based on Time Series Analysis (TSA) and Artificial Neural Network (ANN) approaches in order to
predict power production of PV system. Furthermore, the accuracies of the models are analyzed in order to better
understand the internal errors that occur in energy estimation applications and to evaluate their potential. All
models are compared in terms of the correlation coefficient (R), coefficient of determination (R?), mean absolute
percentage error (MAPE). The results of analyses show that the ANN models have higher accuracy than the TSA
model for forecasting PV power.
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Oz

Giines enerjisi, son yillarda yiiksek talep goren yenilenebilir enerji kaynaklarindan biridir. Fotovoltaik (FV)
sistemlerin diinya ¢apinda artan yayginligiyla birlikte, FV sistemleri gii¢ ¢cikisinin dogru tahmini 6nemli bir konu
haline gelmistir. FV sistemleri dogrudan giines 151811 elektrik enerjisine doniistiirdiigiinden, FV gii¢ ¢ikis1 cevre
kosullarina bagl olarak degiskenlik gosterir. FV ¢ikis giiciiniin periyodik olma ve duragan olmama sorunlarinin
iistesinden gelebilmek amaci ile yapilan tahminlemelerde modelleme yontemleri yaygin olarak kullanilmaktadir.
Bu ¢alismanin temel amaci, kisa siireli FV gii¢ ¢ikisi tahminlerinin degerlendirilmesinde yol gosterici olmaktir.
Bu amagla toplanan veriler, Tekirdag ili Siileymanpasa ilgesine bagl T.C Tekirdag Nanmik Kemal Universitesi'nde
kurulan bir 250 kW, lik FV sistemi ile gerceklestirilen deneysel faaliyetlerden elde edilmistir. Tiim parametreler,
saat bazinda farkli panel egim agilar1 (0°, 30°, 60°) dikkate alinarak ticer kez dl¢iilmiistiir. Bu anlamda, bu ¢aligma
tahmin modelini farkli panel agilarini da dikkate alarak genisletmesi nedeniyle literatiirdeki dnceki ¢alismalardan
farklihk gostermektedir. {1k asamada, FV gii¢ ¢iktistm tahmin etmede kullamlacak anlamli degiskenler hem
korelasyon analizi hem de asamali regresyon analizi sonuglarina gore belirlenmistir. Bulgular, giines
radyasyonunun ve panel egim acisiin, FV giicii iiretiminin énemli belirleyicileri oldugunu gostermistir. Ikinci
asamada, FV sisteminin gii¢ iiretimini tahmin etmek i¢in Zaman Serisi Analizi (TSA) ve Yapay Sinir Ag1 (YSA)
yaklagimlarina dayali olarak ii¢ farkli model dnerilmistir. Ayrica, enerji tahmin uygulamalarinda ortaya ¢ikan igsel
hatalar1 daha iyi anlamak ve potansiyelini degerlendirmek i¢in modellerin dogruluklar1 analiz edilmistir. Tim
modeller korelasyon katsayisi (R), belirleme katsayis1 (R?), ortalama mutlak yiizde hatasi (MAPE) agisindan
karsilastirilmistir. Analiz sonuglari, FV giicinii tahmin etmek i¢in YSA modellerinin TSA modelinden daha
yiiksek dogruluga sahip oldugunu gostermektedir.

Anahtar Kelimeler: Yapay sinir ag1, Geri yayilim, FV gii¢ tahmini, ARIMA, Tekirdag
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1. Introduction

In parallel to the economy competition of the world, the use and management of energy resources has become
an important indicator of development. Renewable energy sources (like solar, wind, etc.) play an important role in
electricity generation due to the increasing energy demand linked to fossil fuel depletion and the environmental
problems associated with fossil fuel use (Al-Ali, 2016). Solar energy applications are increasing worldwide and
development of its technology is significant to meet global energy demand. One of the most notable solar energy
applications is photovoltaic (PV) systems which can be convert sun light directly into electric power. The use and
management of PV systems require finding the solution to optimization problems on various fields from
installation phase to use phase including one or more objectives such as minimum energy costs, maximum energy
production, maximum energy efficiency, minimum greenhouse gas emissions etc. On the other hand, using of
solar energy as useful energy source have high uncertainty and technical complexity because of the dependence
of it on climatic conditions, numerous decision variables and parameters. Solar power production is affected by
some environmental and geographical factors like other renewable energy sources. Depending on that, it is not
always possible to measure solar power in a particular region require qualified staff and significant economic
investments. The estimation of the power output is also vital in terms of factors such as installation of solar panels,
guidance of electricity companies, energy management and distribution (Dandil and Giirgen, 2017). In particular,
predictions based on meteorological data constitute a significant reference for determining the installation
locations of solar panels. In this way, the cost of panel installation is avoided. Moreover, if after installation, PV
output power forecasting is needed to produce estimates for the elimination of risk based on the uncertainty of the
amount of production and reduce the cost of energy. Therefore, in recent years several PV power forecasting
models have proposed based on different methods and compared performances (7able 1). Though the most applied
technique in these forecasting models is ANN, due to their inherent ability to non-linear, dynamic, noisy data and
complex system (Ramsami and Oree, 2015), also statistical, physical models are used. In literature, there are many
benchmarking studies to determine which approach and under which conditions work best for the proposed
situations. In this study, the focus is on TSA and ANN and some studies in the literature related to the prediction
of solar power as follows:

In order to boost accuracy of solar power forecasting, in addition to the recommended strategic input selection
method and searching for optimal size of network, options of output processing were tested by Netsanet et. al.
(2016). It was found that the prediction accuracy can be increased by the use of networks with different learning
algorithms and different types of ANN. A back propagation neural network model, which was network structure
of 28-20-11, was proposed in order to forecast the power output of a PV system located in Ashland. It was noticed
that the corresponding error of MAPE was average 7.16% for four different forecasting days (Kumar and Kalavathi,
2018). In paper (Abdel-Nasser and Mahmoud, 2019), the performance of the proposed method was compared with
three PV forecasting methods: multiple linear regression (MLR), bagged regression trees (BRT), and ANN. As
the result, the proposed method with three PV forecasting methods based on MLR, BRT, and ANN methods had
best results. The another paper suggested a partial functional linear regression model for predicting the daily solar
power and the comparison results based on the real data set collected in Macau, showed that the regularized model
improves the forecast accuracy of the MLR and ANN models (Wang et al., 2016). In an experimental study, it was
revealed that thermal energy generated by solar collectors can be used efficiently in Tekirdag (Yiiksel Tiirkboylari,
2018). A PV solar power system, which included a 750 W, panel, was constructed in Istanbul Technical University,
Istanbul in order to determine time horizon having the highest representative of generated electricity forecasting
of small scale system (Izgi et al., 2012). Especially, when stationary conditions were observed, ANN could predict
with good performance of to begenerated energy from 3 to 300 minute ahead. In addition, the capabilities of
ARIMA and ANN were compared by Ahmed et al. (2014) and the capabilities of SARIMA, SARIMAX and ANN
were compared by Vagropoulos et al. (2016) for forecasting of photovoltaic energy production. Kardakos et al.
(2013) compared two practical methods for electricity generation forecasting of grid-connected PV plants and
detected the ANN models and the modified SARIMA model were superior in terms of the prediction error.

Within the scope of in this study, the literature was examined separately for the determination of the parameters.
It is seen that (Table 1) parameters such as irradiance, module temperature, wind speed, air temperature are widely
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used. With some exceptions (Ozkisi and Topaloglu, 2017), in many studies, although the angle of panel was
included in the model, measurements were collected by setting up an experimental setup with a constant inclination
angle ranging from 0 to 90. In this case, higher capacity system installations are inevitable, as the sunlight does
not come directly, especially in the morning and evening hours (Yiksel Tiirkboylar1 and Yiiksel, 2021). This
problem can be overcome by obtaining maximum benefit from solar energy with the angular mobility of the panel.
Therefore, it is even more significant to estimate the PV power by setting the angle of inclination of PV according
to the position of sun in the sky. In this study, the measurements was repeated for 3 different angles in each hourly
measurement period. Therefore, this paper deals with also the variability of panel angle and this factor also

constitutes the originality of the study. Especially, the study is also very significant from the perspective of a model
that will be used to predict the energy gains of the moving panel systems that allow the sun rays to fall
perpendicular to the panel throughout the period from sunrise to sunset. For this purpose, the models are proposed
based on Back Propagation Neural Network (BP-ANN) and ARIMA method and compared the accuracy
performance for Tekirdag location.

Table 1. Input parameters and model used in the literature

Article Year Inputs Method
Kumar and Kalavathi 2018  Global Horizontal Irradiance, Global Diffused Irradiance, Ambient & ANN, ANFIS
Surface Temperature, Precipitation, Wind Speed, Air Pressure, Sunshine
Duration, Humidity

Hossain et al. 2017  Solar Radiation, Wind Speed, Ambient & Module Temperature ELM,SVR,ANN
Liu et al. 2017  Solar Radiation, The Highest, Lowest & Average Daily Temperature ANN
Ozkisi and Topaloglu 2017  Wind Speed, Velocity, Temperature, Humadity, The Angle of the Cells ANN
Huang et al. 2016  Solar Zenith Angle, Solar Azimuth Angle, Solar Irradiance, Module ANN, Algebraic,
Temperature Polynomial
Regression
Ramsami and Oree 2015  Atmospheric Pressure, Humidity, Temperature, Wind Speed, Wind Multiple Linear
Direction, Rainfall, Solar Irradiance, Sunshine Duration Regression, FFNN
and GRNN
[zgi et al. 2012 Ambient Temperature, Cell Temperature, Irradiance ANN

ELM (Extreme Learning Machine), SVR (Suppurt Vector Regression ), FFNN (Feed-Forward Neural Network), GRNN (Generalized
Regression Neural Network), ANFIS (Adoptive Nero-Fuzzy Inference System)

The main contributions of paper will be summarized as follows:
* proposed that consider the panel angle changes when constructing the PV power forecasting models for Tekirdag
location.
* predicted of PV power based on ARIMA and BP-ANN methods and the efficiency of the methods are compared.
The rest of this paper is organized as follows. Section 2 presents the problem definition. Section 3 explains the
obtained data & proposed methods. Section 4 presents and discusses the experimental results. The conclusions and
some lines of future work are given in Section 5.

1.1. Problem Definition

Solar energy production depend on climatic conditions, numerous decision variables and parameters based on
environmental and geographical, such as air temperature, wind speed, cloud cover, humidity etc. The intrinsic
variability of PV output power creates different problems directly/indirectly for power grid such as power system
control and reliability, reserve cost, dispatchable and auxiliary generation, grid integration and power planning
(Raza et al., 2016). Therefore, there is need to accurately forecast the PV output over at different conditions depend
on location. Since the geographical and environmental conditions of each region are different, the research for the
model that makes the most accurate estimation in the region where the PV system is located is inevitable. In this
study, experimental setup was established to develop a PV energy production model for Tekirdag province. Since
it was not possible to know which factors affect the PV output power, it was aimed to measure all the factors
examined in previous studies on this subject (Table I). For this purpose, the data were obtained, which was
including factors as open circuit voltage, cell temperature, solar irradiance, air temperature, wind speed, short
circuit current, solar power and the angle of inclination of the panel.
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2. Material and Method

2.1. Meteorological data

The solar energy potential atlas of Tekirdag province, where the experiments carried out, is given in Figure 1.
T.C. Tekirdag Namik Kemal University, where the experimental study conducted, was located in Siileymanpasa
district of Tekirdag province. Distribution of Siileymanpasa district annual sunshine duration is shown in Figure
2. Considering the radiation values per unit area of Siileymanpasa district, May, June, July, August are higher than
other months and the global radiation values of Siileymanpasa district are shown in Figure 3. The average sun
radiation in Siileymanpasa district is 3.68 kWh m per day and the average sunshine time is 7.16 h per day.

Total Solar
Radiation
KWh/m2-Year
[l 1400- 1450
B 1450- 1500

Figure 1. Solar energy potential atlas for Tekirdag (GEPA 2019)
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Figure 2. Annual sunshine duration (h)  Figure 3. Global radiation value (kWh m™ per day)
(GEPA 2019)

2.2. PV module used in the study and its features

(GEPA,2019)

This experimental study was carried out using CSUN 250-60P branded polycrystalline PV module. The
nominal power output of the PV module used in the experimental study has 250 Wp, nominal voltage 29.9 V and
nominal current 8.36 A. Other specific features of the mobile chassis mounted panel are shown in Table 2.

Table 2. Specific features of the PV module

CSUN 250-60P

Technical properties

Units

Maximum Power (Pmpp)
Open Circuit Voltage (Voc)
Short Circuit Current (Isc)
Nominal Voltage (Vimpp)
Nominal Current (Impp)
Series Fuse Rating
Tolerance of Pmpp

Weight

Dimension

Number of cells

Effective area

250
373
8.81
29.9
8.36
20
0=+3
19.1
1640%990*40
60
1.624

p

SE><><z
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2.3. Devices used during measurement

HT solar IV-400 PV panel analyzer was used to obtain performance data in the PV panel. It has IEC /
ENG1010-1 safety certificate as device features and makes measurements in IEC / EN608891 (I-V curve test)
standard. The data obtained were transferred to the computer environment with TOPVIEW software. LUTRON
AM 4202 electronic digital anemometer was used in the PV arrangement to measure the air flow (ms~') while
receiving data from the meter. The connection diagram of the device that receives data and a diagram of the
anemometer are shown in Figure 4.

Figure 4. PV module and devices used during measurement

2.4. Methodology

The major steps followed in this paper are as shown in Fig. 5.

Collecting & Treating Data

I

Selecting Input Parameters

Developing Foracastimg Models

A
Analysiz of the Model Results

I

Compare of Model Accuracy

Figure 5. The major steps followed in this paper

The raw data were collected and treated first based on literature. All observations were done between 10.00
pm and 17.00 am during August 2019. The meteorological and electrical data were obtained, which is called Open
circuit voltage Vo (V), Cell temperature, Tc (°C), Solar irradiance, G (W m?), Air temperature, Ta ("C), Wind
speed, Ws (m s™), Short circuit current, Isc (A), Solar power, (W), Angle (°). All parameters were measured hourly
with three times according to inclination of the panel setups (0°, 30°,60°). The next step was deciding the model
input parameters. Correlation analysis and stepwise regression were used to determine the input parameters.

After the first step of determining the optimal model inputs, the quality of the datasets are also crucial because
each dataset had different magnitude. For this reason, the input data is normalized to [0, 1] using Eq. (1).
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prPT——

xl:kk — ik”*min (Eq.l)
Xmax~Xmin

Where; xik is the original data value; xi* is the corresponding normalized variable; Ymin and ymax is the

minimum value and the maximum value in original data sets, respectively. When xik is the minimum value in the

datasets, xik correspond to 0; when xik is the maximum value in the datasets, xik correspond to 1 (Liu et al., 2017).

In this study, both ANN and TSA forecast models were employed to predict the solar power using obtained
data set. In this paper, a variation of the classical ARIMA model, which is called the seasonal ARIMA model, was
used in order to account for the inherent seasonal effect of the PV power output. The seasonal ARIMA model is
generally referred to as SARIMA (p, d, q) x (P, D, Q) , where p, d, q and P, D, Q are non-negative integers that
refer to the polynomial order of the autoregressive (AR), integrated (I), and moving average (MA) parts of the
non-seasonal and seasonal components of the model, respectively (Vagropoulos et al. 2016). The SARIMA model
is described mathematically as follows Eq. (2), Eq. (3) and Eq. (4) (Mukaram and Yusof, 2017);

(80, (8- BY (=51 - 0,810, (&) s

where;

Eq.3
(I)P BS =1_®1BS_®2B2S_"‘_®PBSP ( q )
@B’ )=1-0,8°-0,8% —---—0,8"° (Eq.4)

and Yt is the observed time series value at time t, et is the residual at time t, B is the backshift operator that
converts Ye(e.g BY: = Y1), S is the seasonal period length, d is the number regular difference, D is the number of
seasonal difference.

The selection process of the suitable model is basically based on certain information criteria (Akaike
Information Criteria and Final Prediction Error), also in addition autocorrelation and partial autocorrelation plots
are analyzed.

The method known as ANN was also used to estimate PV power. ANNs are machine learning that have
algorithms developed by inspiring the human cell's nerve cell structure. The ANN derives its computing power
through its massively paralled distributed structure and its ability to learn and generalize, which means finding
reasonable outputs whenever inputs are not encountered during training (learning) (Vaz et al., 2016). It has been
proved that a multi-layer (BP) network can achieved due to maximum number of layers can further reduce errors
can improve accuracy (Narayanakumar and Raja, 2016). In addition to indicating that the ideal number of layers
that can be used in a multi-layer network should be less than 5 (Arifin et al., 2019), it has been determined that the
feedforward neural networks with two hidden layers generalise better than those with one (Thomas et al., 2017).
The network structure proposed in this study also includes two hidden layers.

In this study, Figure 6 and Figure 7 present the network configuration for Model-2 and Model-3 in MATLAB
platform, which are consists of two hidden layer and one output layer.

e @_}O:H' _t@j =°0 »° o | B % J@:H %_ro:h &

Figure 6. ANN structure of Model-2 Figure 7. ANN structure of Model-3

For both models, the BFGS-Quasi Newton BP algorithm was used for training and the solar power measured
by experimental setup was used as output. The sigmoid function was used as the activation function. In addition,
seventy percent of the historical data were used to train the ANN, the remainder 30% are used for testing and
learning rate was determined as 0.8.

Differently, the obtained data, when the panel inclination was 30 degrees constant, was used in Model-1 (for
forecasting based on solar power data) and Model-2 (solar power data used as output and irradiance data used as
input). The irradiance and panel angle (when the panel inclination was 0.30 and 60 degrees) data were used as
input in Model-3.
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In order to evaluate the obtained results, the mean absolute percentage error (MAPE), R and R2 were used.
The MAPE formula is given in the below equation 5 (Liu et al., 2017).

x 100% (Eq.5)

MAPE =1 3, |"C5|

Where; P is the measured value of power out of the system; P;" is the forecasting value of the power output, N
represents the number of model forecasting samples.

R? represents the fraction of the sample variation of the y values that is explained by the independent variables.
The largest R? and the smallest MAPE indicates the best fit of the model. According to Lewis (1982), MAPE
values lower than 10% indicate predictions with high accuracy.

3. Results and Discussion
3.1. Determination of Model Variables

Electrical data were not used to provide an estimate that does not require measurement with experimental setup.
PV system experimental setup is not required for obtain any parameter data other than the module temperature
data. Module temperature variable was excluded from the model, due to the high correlation (0.768) with the
radiation parameter as seen in the correlation analysis (7able 3). Based on correlation analyses, irradiance, wind
speed, air temperature and angle parameters were selected for model data.

Table 3. Correlations of parametres

Angle Irradiance | Module_Temp | Wind_Speed | Air_Temp
Angle Pearson Correlation 1 -,186* -,060 .000 000
Sig. (2-tailed) 041 514 1,000 1,000
N 120 120 120 120 120
Irradiance Pearson Correlation -,186* 1 ,768* -,090 ,581%1
Sig. (2-tailed) 041 ,000 329 ,000
N 120 120 120 120 120
Module_Temp  Pearson Correlation -,060 ,768* 1 012 40441
Sig. (2-tailed) 514 ,000 ,900 ,000
N 120 120 120 120 120
Wind_Speed  Pearson Correlation ,000 -,090 012 1 -233*
Sig. (2-tailed) 1,000 329 900 010
N 120 120 120 120 120
Air_Temp Pearson Correlation ,000 581 404 -233* 1
Sig. (2-tailed) 1,000 ,000 ,000 ,010
N 120 120 120 120 120

*. Correlation is significant at the 0.05 level (2-tailed)
**. Correlation is significant atthe 0.01 level (2-tailed).

The Skewness and Kurtosis were used to judge the normality of data. In literature, though, a normal distribution
has both skewness and kurtosis values equal to zero, for psychometric purposes, skewness and kurtosis values
between -2 to +2 is acceptable (Muzaffar, 2016). The values of skewness and kurtosis of each model variable fall
within the acceptable range of -2 to +2, Table 4, shows that the data is fairly normal and the basic assumption of
parametric testing is fulfilled.

Table 4. Descriptions based on variables

Statistic | Std. Error Statistic | Std. Error Statistic | Std. Error

Power  HMean 8511 02138 Tradiance  Wean 6592 02128 Angle  Mean .5000 03742
95% Confidence Lower Bound ,6087 95% Confidence Lower Bound 6171 95% Confidence Lower Bound 4259
Interval for Mean Upper Bound 6034 Interval for Mean Upper Bound 014 Interval for Mean Upper Bound 5741
5% Trimmed Mean 6635 5% Trimmed Mean 6711 5% Trimmed Mean 5000
Median 7050 Median 7088 Median 5000
Variance ,055 Variance 054 Variance 168
Std. Deviation 23421 Std. Deviation 23314 Std. Deviation 40996
Minimum .00 Minimum .00 Minimum .00
Maximum 1,00 Maximum 1,00 Maximum 1,00
Range 1,00 Range 1,00 Range 1,00
Interquartile Range 38 Interquartile Range 38 Interquartile Range 1,00

Skewness -707 221 Skewness -666 221 Skewness ,000 221

Kurtosis 237 438 Kurtosis -252 438 Kurtosis -1513 438

The stepwise regression results as seen in Table 5. As the result, F test (P-value <.000 for Model1 and P-value
<.001 for Model 2 ) indicates that models are significant for predicting invoice based on a group of independent
variables in the models.
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Table 5. SPSS model output 1

Variables Entered/Removed?

Variables | Variables
Model | Entered Removed lethod
! Stepwise ANOVAS
(Criteria:
Probabilit Sum of
y-of- Model Squares of Mean Square F Sig
_ F-to-enter 1 Regression 6,274 1 6,274 | 2924100 ,000°
Iradiance : :&Sigim Residual 253 118 002
ok Total 6,528 119
F-to-remo 2 Regression 6,296 2 3,148 | 1593051 L000®
Ve sz Residual 231 117 002
100). Total 6,528 119
2 Stepwise a. Precictors: (Constant), iradiance
(Criteria: .
Probabil . Predictors: (Constant), iradiance, Angle
y-of- ¢. Dependent Variable: Power
F-to-enter
Angle .| ==,050,
Probabilit
y-of-
F-to-remo
ve =
,100).

a. Dependent Variable: Power

3.2. Outcome of Proposed Models

The Model-1 based on SARIMA (0,1,0)x(0,1,0) model is found to exhibit the best performance (Table 6). The
Model-1 forecast capabilities has been confirmed by means of the calculated R, R%, MAPE, which are respectively
equal to 0.603, 0.99 and 13.334 %. While R? and MAPE values have satisfactory performance, R value is quite
low. This result indicates that there may be a R? height that does not reflect reality due to deviation from the data
distribution. This determination is confirmed from the Ljung-Box (0.94>p) value.

Table 6. ARIMA model parameters

Estimate SE t Sig.
POWER-Model_1 POWER No Transformation AR Lag1 -,624 146 -4,265 ,000
Difference 1
Seasonal Difference 1
IRRADIANCE  No Transformation ~ Numerator Lag0 680 149 4,553 ,000
Difference 1
Seasonal Difference 1

The Model-2 based on BP-ANN forecast capabilities has been confirmed by means of the calculated R, R?,
MAPE, which are respectively equal to 0.99626, 0.9836 and 1.95%. According to the results, the model
performance in terms of accuracy of the artificial neural networks method is better than the time series analysis.
In addition, Figure 8 shows the curve fit in order to predict solar power based on Model-2.
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Figure 8. Model-2 curve fit
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The output is 99% of target value and the R is 0.99721 in the training process. But, in testing process the output
is found to be 96% of the target, with the R value of 0.99942. For validation, the output is obtained as 100% of the
target value and the R value is 0.99298. Also, the overall R is obtained as 100% of the target value and the R value
is 99.626 as described in Figure 8.

Figures 9 and 10 illustrate the performance of the examined forecasting models. As can be seen, the predicted
values of power output based on Model-1 have a not good agreement with the measured values, unlike Model-2.
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Figure 9. Model-1 Forecasting

Figure 10. Model-2 Forecasting
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Figure 11. Model-3 curve fit

The Model-3 based on BP-ANN forecast capabilities has been confirmed by means of the calculated R, R?,
MAPE, which are respectively equal to 0.98064, 0.9779 and 2.57%. Figure 4.4 shows the curve fit in order to
predict solar power based on Model-3. The output is 95% of target value and the R is 0.97434 in the training
process. But, in testing process the output is found to be 100% of the target, with the R value of 0.99208. For
validation, the output is obtained as 100% of the target value and the R value is 0.99662. Also, the overall R is
obtained as 96% of the target value and the R value is 98.064 as described in Figure 11. The training R of this
model is lower than testing and validation. It means that the data of model have been learning quite well during
training. This results similar with Jumaat et al. (2018).

In addition, the calculated performance indexes of models are summarized in 7able 7. Based on comparison
of indexes, it is clear that the errors are within a reasonable range and the developed BP-ANN model is very
suitable for the estimation of PV power output of the system used in this study. It is another important point that
the ANN models exhibite superior predictive abilities among the compared time series analysis, as well as are
shown a very high predictive power according to the MAPE criterion (<10%).
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Nitisanon & Hoonchareon (2018) and Semenkina et al. (2014) were proposed ANN based models, which used
to input as irradiance, the MAPE results were 5.85% and 4.39%, respectively. In this study, the accuracy results
of Model-2 based on MAPE value (=1.95) is also more satisfactory.

Table 7. Performance Indexes of Models

Proposed Models Inputs R R’ MAPE %
MODELI Irradiance 0.603 0.3636 13.334
MODEL2 Irradiance 0.99626 0.9836 1.95
MODEL3 Irradiance, Panel Angle 0.98064 0.9779 2.57

4. Conclusion

This paper presents a forecasting approach using SARIMA and multi-layer BP neural network. One of the most
significant results of this study according to stepwise regression analysis is to determine that the panel angle, which
is not generally modeled as a variable in studies, is an effective variable on the forecast. Also, it is identified that
solar irradiance is a major parameter to change PV power. In this paper, the performance of models was evaluated
with the R, R? and MAPE index which shows the accuracy of the models. It is clearly observed from the results
that the model performance is better in BP-ANN when compared to the SARIMA. When using the same data set
and input-output structure, it is found that more consistent results are obtained with the BP-ANN method. The
SARIMA model has been determined to be more sensitive against fluctuations in data. Consequently, a powerful
prediction model has been developed specifically for the province of Tekirdag that can estimate the power
production depending on the change in panel angle. In this context, it is predicted that ANN can be successful for
energy production estimates of movable panel systems that allow the sun rays to fall perpendicular to the panel.
Besides, one of the important contributions of the study is that a highly accurate prediction model has been
developed by using input variables that do not require PV system installation for experimental measurements.
From this perspective, the proposed model is a helpful tool for users to make more consistent decisions in the pre-
installation decision-making process. Nevertheless, due to the irregular manner of meteorological parameters such
as solar radiation and wind speed, etc. based on long-term data, there may be a greater variation in all the model
accuracy. While the prediction performance of ANN is sufficient for short-times with similar meteorological
conditions, the performance of methods based on long-term data should be examined.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Tiiketicilerin Siit ve Siit Uriinleri Tercihlerinin Analizi
Analysis of Preferences for Milk and Milk Products of Consumers

Sait ENGINDENIZ", Turgay TASKIN?, Awo Abdoulaye GBADAMONSI ?,
Aysar Shihab AHMED * Alpha SALOUM CISSE®, Ahmed Fathy SEIOUDY ¢, Cagn
KANDEMIR’, Nedim KOSUM®

Oz

Tiirkiye’nin insan beslenmesinde énemli bir yer tutan siit tiikketiminin geligmis {lilkeler diizeyine ulagabilmesi i¢in,
tiketicilerin siit tiiketim tercihlerini belirlemeye yonelik arastirmalarin yapilmasi, gerek tiiketici, gerekse iiretici
firmalar agisindan 6nemlidir. Bu baglamda anilan ¢aligmalarin il bazinda ele alinarak degerlendirilmesi daha
bilingli tiiketicilerin olugmasinda yardimei olacaktir. Bu tiir ¢alismalar gelecek kusaklarin saglikli olmasina da
katkida bulunacaktir. Bu arastirmada; izmir' in Bornova ilgesinde siit ve siit iiriinlerinin tiiketim yapis1 analiz
edilmis ve etkili olan sosyo-ekonomik faktorler incelenmistir. Bir baska deyisle bu bir durum tespitine yonelik
calisma olmustur. Bu arastirmanin amaci, izmir'in Bornova ilgesinin kentsel kesiminde yasayan hane halklarinin
siit ve siit {irinleri tiiketim yapisi ile tercihlerini analiz etmektir. Arastirmada oransal 6rnek hacmi formiiliinden
yararlanarak Bornova ilce merkezinde yasayan 271 hane halki fiyesinden anket yontemiyle veriler elde edilmis ve
derlenmistir. Toplanan verilerin analizinde, 6ncelikle hane halklarinin demografik ve sosyo-ekonomik 6zellikleri
ortaya konulmus, daha sonra siit ve siit iiriinleri satin alma ve tiiketim davraniglari analiz edilmistir. Bu asamada
basit aritmetik ortalama ve yiizde hesaplamalarindan yararlanilmistir. Siit ve siit iiriinlerine iliskin goriis ve
tutumlarin degerlendirilmesinde besli likert 6lgegi kullanilmistir. Hane halki iiyelerinin; %66.42'si kadindir,
%47.97'si lise mezunudur, %70.85'1 evlidir, %57.20si ise halen bir iste ¢alismaktadir. Goriisiilen hane halki
iiyelerinin %93.36’s1 siit, %93.36’s1 yogurt, %95.21°1 de peynir tiikettigini belirtmistir. Kisi basimna yillik siit
tiiketimi 37.43 It, kisi bagina yillik yogurt tilketimi 32.84 kg, kisi basina yillik peynir tiiketimi ise 18.48 kg olarak
saptanmistir. Hayvansal protein tiiketimini 6zendirmek, hijyenik kosullarda {iretilmis siit ve tirlinlerinin tiiketime
sunulmasini saglamak amaciyla toplumun bilgilendirilme ve bilinglendirilmesine yonelik ¢alismalar (afis, brosiir,
belgesel ve spot filmler vb.) yapilmalidir.

Anahtar Kelimeler: Siit, Siit triinleri, Tliketim analizi, Tiiketici tercihleri, Tiiketici tutumlari
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Abstract

Turkey's consumers to reach the level of developed countries consumption of milk holds an important place in
human nutrition milk consumption is conducting research to determine their preferences, consumers need is an
important content of both producers. In this context, evaluating the aforementioned studies on the basis of
provinces will provide more conscious consumers. Thus, it will contribute to the health of future generations. In
this study; The consumption structure of milk and dairy products in Izmir's Bornova district was analyzed and the
influential socio-economic factors were examined. In other words, this is a case study. Bir bagka deyisle bu bir
durum tespitine yonelik ¢alismadir. This study aims to analyze milk and milk products consumption patterns and
preferences of households living in the urban part of Bornova district of Izmir. In the study, data was collected by
survey method from 271 household members living in Bornova district center using the proportional sample size
formula. In the analysis of the collected data, firstly, demographic and socio-economic characteristics of the
households were revealed, and then the buying and consumption behaviors of milk and milk products were
analyzed. At this stage, simple arithmetic means and percentage calculations were used. A five-point Likert scale
was used to evaluate opinions and attitudes regarding milk and milk products. According to the results of this
study, 66.42% of household members are women, 47.97% of them are high school graduates, 70.85% of they are
married, and 57.20% of them are still working in a job. 93.36%, 93.36% and 95.21% of the household members
interviewed stated that they consumed milk, yogurt and cheese, respectively. Annual milk consumption per capita
was 37.43 It, annual yogurt consumption per capita was 32.84 kg, and annual cheese consumption per capita was
18.48 kg. In order to encourage animal protein consumption and to ensure that milk and milk products produced
under hygienic conditions are presented for consumption, activities for informing and raising awareness of the
society (posters, brochures, documentaries and spot films etc.) should be prepared.

Keywords: Milk, Milk products, Consumption analysis, Consumer preferences, Consumer attitudes
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1. Giris

Toplumlarda dengeli ve dogru beslenme, insanlarin gerek sagliklarmin korunmasi ve gerekse yasamin
devamlilig1 icin 6nemli bir rol oynamaktadir (MacDonald ve ark., 2011; Kayisgioglu ve i¢coz, 2012; Ormeci Kart
ve Demircan, 2014). Bu da ancak viicudun giinliik ihtiyac1 olan besin maddelerinin uygun miktarlarda alinmasiyla
olasidir. Anilan giinliik besin maddeleri icinde 6nemli bir yeri olan siit ve siit liriinleri protein, kalsiyum, fosfor,
B2 vitamini ve B12 vitamini olmak iizere birgok besin maddesi agisindan bir gida kaynagidir (Unal ve Besler,
2008). Hayvansal protein kaynaklarindan biri olan siit ve siit iiriinlerinde tiiketim bakiminda birgok {ilke arasinda
farkliliklar s6z konusudur (USK, 2019). Ornegin Avustralya, Norveg, Isveg, Fransa, Almanya gibi iilkelerde kisi
bas1 yillik siit tiiketimi 300 kg, ABD’de ise 200 kg’1n iizerindedir. Bu deger Tiirkiye’de 41.5 kg/y1l olmakla birlikte,
bunun daha fazla oldugu tahmin edilmektedir (Demir ve ark., 2018; ZMO, 2019).

Onemli bir besin kaynag1 olan siit, makro ve mikro birgok besin maddesini igerdigi icin tiiketiminin tesvik
edilmesi saglik uzmanlar tarafindan da Snerilmektedir (Christopher ve Nordin 1997; TBSA, 2010; Meneses ve
ark., 2012; Wetman, 2017). Siit proteinlerinin biiyiime ve gelismedeki 6nemi, kalsiyum emilimi ve bagisiklik
tizerine olumlu etkilerinin oldugu, kanser riski ve kan basincini azalttigi, viicut agirligin1 koruma yoniinde etkili
oldugu ve dis ciiriiklerine kars1 koruyucu etkisi oldugu bilinmektedir (Black ve ark., 2002; Pereira ve ark., 2018).
Siit ve siit tiriinleri tiiketimi, kalsiyumdan zengin olmalar1 nedeniyle, 6zellikle ¢ocuk ve ergenlik doneminde olan
cocuklarda kemik ve dislerinin saghkl gelismesi (Hasipek ve Kaleli, 2002; Mazicioglu ve Oztiirk, 2003;
Karagozlii ve ark., 2005), yetiskinlerde ise kalp-damar hastaliklari, inme, yiiksek tansiyon, Tip II diyabet,
osteoporoz, kolon kanserinden korunmasinin yani sira viicut gelisiminde de &nemli bir rol oynamaktadir (TUBER,
2015).

Tiirkiye’de farkli illerdeki tiiketicilerin siit ve siit tirlinleri tiiketimleri ile ilgili birgok ¢aligma yapilmis ve bu
caligmalarda bireylerin siit ve siit lirlinlerine yonelik tercihleri ve tiiketim miktarlar1 konusunda bazi bulgular elde
edilmistir (Demirci ve ark., 1998; Andig ve ark., 2002; Selguk ve ark., 2003; Simsek ve ark., 2005; Celik ve ark.,
2005; Malatacik, 2006; Akbay ve Tiryaki, 2007; Cevger ve ark., 2008; Ozel, 2008; Demircan ve ark., 2011; Erdal
ve Tokgoz, 2011; Yayar, 2012; Seker ve ark., 2012; Gozener ve Sayili, 2013; Giindiiz ve ark., 2013; Karakaya ve
Akbay, 2014; Terin, 2014; Terin ve ark., 2015; Onurlubas ve Cakirlar, 2016; Yazic1, 2016; Niyaz ve Inan, 2016;
Karakaya ve Kiziloglu, 2018; Cebi ve ark., 2018; Dal ve ark., 2018; Para ve ark., 2018; Ozyiirek ve ark., 2019;
Ozbey, 2019).

Tiirkiye’nin insan beslenmesinde 6nemli bir yer tutan siit tiikketiminin gelismis tilkeler diizeyine ulagabilmesi
icin, tiiketicilerin siit tiiketim tercihlerini belirlemeye yonelik arastirmalarin yapilmasi, gerek tiiketici, gerekse
iiretici firmalar agisindan 6nemlidir. Bu baglamda, anilan ¢alismalarin il bazinda ele alinarak yapilmasi ve ¢alisma
sonuglarmin karar alicilar tarafindan degerlendirilmesiyle, politika ve stratejiler olusturulabilecegi ve daha bilingli
tilketicilerin olugmasi saglanacagi gibi, gelecek kusaklarin saglikli olmasma da katkida bulunulacaktir. Bu
arastirmada; Izmir'in Bornova ilgesinde siit ve siit iiriinlerinin tiiketim yapis1 analiz edilmis ve etkili olan sosyo-
ekonomik faktdrler incelenmistir. Bir bagka deyisle bu bir durum tespitine yonelik ¢alismadir. Arastirmada, kiiciik
bir saha caligmasi olmasi nedeniyle tiiketicilerin siit ve siit liriinleri konusundaki tercihleri ortaya konmaya
calisilmistir. Son olarak da konuyla ilgili bazi teknik ve ekonomik 6neriler verilmistir.

2. Materyal ve Metot
2.1. Materyal

Bu arasgtirmamin ana materyalini, Izmir'in Bornova ilgesinde hane halklariyla yiiz yiize yapilan anket
caligmalarindan elde edilen veriler olusturmaktadir. Ayrica konuyla ilgili olarak daha dnce yapilan arastirmalarin
sonuglarindan da yararlanilmistir.

2.2. Yontem

TUIK, 2018 y1li Adrese Dayali Niifus Kayit Sistemi sonuglarina gore {zmir’in Bornova ilgesinde toplam niifus
445.232 kisi, toplam hane sayis1 ise 134.404 olarak bildirilmektedir (TUIK, 2019). Bu arastirmanin ana kitlesini
ilcedeki toplam hane sayisi olusturmakta ve 6rnekleme yontemiyle bir kismi ile goriisiilmesinin uygun olacagina
karar verilmistir. Bu amagla agagidaki oransal 6rnek hacmi esitlik (1) den yararlanilmistir (Newbold, 1995).
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o Np(d—p)
(N —Do?p + p(A— p) (Es.1)

Formiilde;
n = Ornek hacmi

N = Toplam hane say1s1
p = Siit ve triinleri tiiketen hanelerin oran1 (Maksimum 6rnek hacmi igin 0.5 alinmigtir)
o’px = Varyansidir.

Arastirmada % 90 giiven aralig1 le % 5 hata pay1 esas alinarak hesaplama yapilmis ve kapsama alinacak hane
halki sayis1 271 olarak saptanmistir. Goriisiilecek hane halklarmin belirlenmesinde 6ncelikle mahalle ve sokak
sayilar1 dikkate almmstir (Arslan ve ark., 2016; Ozgingirak ve Engindeniz, 2019). Bornova'da 44 mahalle
bulunmaktadir. Arastirmada, her mahallenin ii¢ sokaginda beser anket yapilmasi planlanmistir. Bu yaklagimla 18
mahalle rassal olarak belirlenmistir. Arastirma anketleri, 2020 yilinin Ocak-Subat aylarinda yapilmustir.

Derlenen verilerin analizinde, dncelikle hane halklarinin demografik ve sosyo-ekonomik 6zellikleri ortaya
konulmus, daha sonra siit ve iriinleri tiiketim ve satin alma davraniglari analiz edilmistir. Arastirmada basit
aritmetik ortalama ve ylizde hesaplamalarindan yararlanilmistir. Siit ve siit tirlinlerine iliskin goriis ve tutumlarin
degerlendirilmesinde besli likert dlcegi kullanilmistir (Bilgin, 1995). Elde edilen sonuglar cizelgeler halinde
diizenlenerek yorumlanmustir.

3. Arastirma Sonuclari ve Tartisma

Hane halklarinin demografik ve sosyo-ekonomik Ozelliklerine yonelik bilgiler 7ablo I'de verilmistir.
Goriisiilen hane halkr {yelerinin  %66.42'si kadin, %33.58' ise erkektir. Yaslar1 ise 17-69 arasinda
degismektedir. %29.52'si 17-36, %46.13" ise 37-56 yaslar1 arasindadir.

Hane halki iyelerinin %47.97'si lise mezunu, %27.31'1 ise {iniversite mezunu durumdadir. Hane halki
iiyelerinin %70.85'1 evli, %29.15' ise bekardir. Hane halk: tiyelerinin %57.20’si halen bir iste ¢alismaktadir.
Calisan hane halki dyelerinin %45.02’si 6zel sektorde, %40.59°u ise kamu sektoriindedir. %14.39’unun ise
kendine ait bir igyeri vardir. Hane halklarindaki birey sayis1 1-8 kisi arasinda degisirken, %64.21°1 kendisine ait
bir konutta ikamet etmektedir. Ortalama aylik gelir 1700-15000 TL arasinda degismekle birlikte hane
halklarmin  %47.23’tiniin  4001-6000 TL arasinda bir aylik gelire sahip oldugu saptanmistir.
Hanelerin %59.41’inde gida harcamalar iginde siit ve siit {irlinleri harcamasinin payi %20’nin altindadir.
Hanelerin ancak %25.09’unda kronik bir rahatsizlig1 olan birey bulunmaktadir.

Arasgtirma sonuglarina gore, goriisiilen hane halki tiyelerinin %93.36’s1 siit, %93.36’s1 yogurt, %95.21°1 de
peynir tiikettigini belirtmistir. Kisi bagina yillik siit tiiketimi 37.43 It, yogurt tiikketimi 32.84 kg, peynir tiiketimi ise
18.48 kg olarak hesaplanmistir. Bu veriler Ulusal Siit Konseyi verilerine de yakindir. Ulusal Siit Konseyinin (USK)
2018 yili verilerine gore, Tiirkiye’de kisi bagina yillik ortalama siit tiiketim miktar1 41.5 It, kisi bagina yillik
ortalama yogurt tiiketim miktar1 30.6 kg, kisi basma yillik ortalama peynir tiiketim miktar1 ise 18.4 kg olarak
bildirilmektedir (USK, 2019). Yine izmir’de yapilan bir arastirmada, hane halklarinin yillik kisi bas1 ¢ig siit
tilketimi 40.74 1t, y1llik kisi bag1 ambalajli siit tiikketimi ise 32.62 1t olarak saptanmistir (Arslan ve ark., 2020).

Calismada, siit tiiketim 6zelliklerine ait bilgiler Tablo 2°de verilmistir. Siit tiiketim sikliginin 6nemli bir kismini
haftada bir kag giin (%40.59) ve her giin (%25.09) oran1 olusturmaktadir. Bu iki se¢enegin toplam oran1 %65 den
fazla iken hig siit tilketmeyenlerin orani ise %6.64 tiir. Siit tiiketimini sevmeyenlerin oran1 %4.43 iken, toplam
sevenlerin orani (¢cok ve az severim) %75’dir. Caligmada, siit icme aligkanliginin 6nemli bir kismi 10 yil ve
iistiindedir (%67.90). Giin iginde siit icme zamani ¢ogunlukla sabah (%43.48) olarak belirlenmistir. Siit igmemenin
en 6nemli nedenleri arasinda sirasiyla; alerjik rahatsizlik (% 33.33), tat (% 27.77) ve kokusu (%22.22) gelmistir.
Ankete katilan hane halki iiyeleri, siitii daha ¢ok tam yaglh (%44.27) tiikettiklerini, tiiketim sicakligint %33.60 ile
1lik tercih ettiklerini ve daha ¢ok sade (%32.02) tiikettiklerini belirtmislerdir. Siit tiiketiminde tiir olarak daha ¢ok
inek siitiinii (%81.18) tercih ettikleri saptanmustir. Pastorize siit tiiketenlerinin orani da %62.45 ile en yiiksek
degere sahiptir. Siit tiiketim miktar1 hane basina aylik 10.45 It, kisi bagina yillik 37.43 1t olarak hesaplanmistir.
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Tablo 1. Hane halklarinin demografik ve sosyo-ekonomik ozellikleri

Table 1. Demographic and socio-economic characteristics of households

Ozellikler Say1 %
Erkek 180 66.42
Cinsiyet Kadin 91 33.58
17-36 80 29.52
Yas 37-56 125 46.13
>57 66 24.35
Egitim diizeyi [lkdgretim 67 24.72
Lise 130 47.97
Yiiksekogrenim 74 27.31
Medeni durumu Evli 192 70.85
Bekar 79 29.15
Calisma durumu Calistyor 155 57.20
Calismiyor 116 42.80
Calisma alani Kamu 110 40.59
Ozel 122 45.02
Kendi isi 39 14.39
Konut ozellikleri Kendisine ait 174 64.21
Kiract 88 32.47
Diger 9 3.32
Hanedeki birey sayist 1-4 189 69.74
>4 82 30.26
Hane aylik geliri (TL) <4000 102 37.64
4001-6000 128 47.23
>6001 41 15.13
Hanede aylik siit ve siit iiriinleri <10 48 17.71
harcamasinin gida harcamalar: 11-20 113 41.70
icindeki orant (%) 21-30 94 34.69
>31 16 5.90
Hanede kronik hastalik durumu  Var 68 25.09
Yok 203 74.91

Kafkas Universitesi 6grencileri arasinda yapilan ¢alismada %67’sinin hig siit tiiketmedigi ortaya ¢ikmustir.
Arasgtirma sonucuna gore dgrencilerin %33'nilin her giin siit igtigi belirlenmistir (Simsek ve ark., 2005). Yine
iiniversite Ogrencileri iizerine yapilan bir ¢alismada, &grencilerin  %71.33’4  diizenli olarak siit
tilketmediklerini, %28.67’si ise diizenli olarak siit tiikettiklerini belirtmislerdir (Uzunéz ve Giilsen, 2007).

Siit iriinlerinin tiiketim 6zelliklerine ait bilgiler Tablo 3° de verilmistir. Ankete katilan hane halki tyeleri,
fermente siit iiriinleri i¢inde gilinliik en ¢ok peynir (%50.55) ve pastdrize yogurt (%21.77) tiiketirken, giin asiri
olarak en cok siizme yogurdu (%40.96), daha sonra sirasiyla pastorize yogurt (%35.42) ve peynir (%28.41) tercih
ettiklerini belirtmislerdir. Yapilan hesaplamalara gore kisi basina yillik yogurt tiikketimi 32.84 kg, kisi bagina y1llik
peynir tiikketimi ise 18.48 kg olarak saptanmistir. Diger siit liriinleri giinliik tiiketimin dnemli bir kismini lor (%9.96)
ve kremali pasta-tatlilar (%8.12) olusturmaktadir. Giin asir1 tiikketim durumunda kremali pasta-tatlilar (%16.97) ile
dondurma (%14.76) ilk siralar1 almistir. Kremali pasta ve tatlilarin tiikketim sikliginin giin asir1 ve diger zamanlarda
sirastyla; %16.97 ile %23.62 oranlarinda oldugu goriilmektedir. Diger siit iriinleri icinde en diigiik tiiketim
oranmi  %5.54 ile ginlik dondurma olusturmaktadir. Uzundz ve Giilsen (2007) iiniversite
ogrencilerinin %69 unun taze peynir ve %3 1’inin ise olgunlagmis peyniri tercih ettiklerini saptamustir.
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Tablo 2. Hane halklarinin siit titketim ozellikleri

Table 2. Milk consumption characteristics of households

Siit tiiketim ozellikleri Say1 %  Siit tiiketim ozellikleri Say1 %
Her giin 68  25.09 Besleyici olmasi 122 48.22
Haftada birka¢ 110 40.59 Aligkanlik 37 14.62
Siit tiiketim giin 41 15.13  Siit tiiketme Saglik (ilag) nedeniyle 21 8.30
stklig Ayda birkag giin 34 12.55 nedeni Lezzetli bulmam 51 20.16
Cok Nadir 18 6.64 Biiytiklerin zorlamasi 13 5.14
Hi¢ Diger 9 3.56
Siit tiiketim Aylhk hane basina  10.45 - Siitiin yagh Tam yagh 112 44.27
miktart (It) Yillik kisi basina 37.43 - olup Yarim yagl 98 38.74
olmamasina Yagsiz 12 4.74
gore tiikketim  Fark etmez 27 10.67
tercihi Diger 4 1.58
Cok severim 78 28.78
Siit tiiketimini Severim 128  47.23 Acik-kapali Acik siit/sokak siitii 41 16.21
sevme durumu Az severim 47 17.34  olarak siit Pastdrize/sterilize 158 62.45
Sevmem 12 443 tiketim Fark etmez 48 18.97
Kesinlikle icmem 6 222 durumu Diger 6 2.37
0-1 27 9.96 Sicak 64 25.30
Siit icme 2-3 25 9.22  Siitiin Soguk 83 32.81
aliskanhig (yil) 4-6 19 7.01  tiiketilme Ilik 85 33.60
7-9 16 591 sicaklig Fark etmez 18 7.11
10 ve iistii 184  67.90 Diger 3 1.18
Sade 81 32.02
Kakaolu 56 22.14
Sabah 110 4348 Sekerli 22 8.70
Giin iginde siit Ogle 43 16.99 Siit tiikketme Meyveli 14 5.53
tiiketim zamami ~ Aksam 98 38.74 tercihi Sekersiz 12 4.74
Diger 2 0.79 Kahveli 33 13.04
Tatlilar iginde 17 6.72
Fark etmez 14 5.53
Diger 4 1.58
Kokusu 4 22.22
Tadi 5 2177 Inek 220 81.18
Siit tiiketmeme Alerjik rahatsizhk 6 33.33 Keci 2 0.74
nedeni Bulanti-kusma- 1 5.56 Tiketilensit Koyun 5 1.85
ishal 1 5.56  tiiri Fark etmez 25 9.22
Siitle ilgili kotii am 1 5.56 Diger 1 0.37
Diger Higbiri 18 6.64

Aragtirmada aylik siit ve siit drlinleri harcamasinin gida harcamalarn icindeki oraninin
hanelerin %59.41’inde %20°nin altinda oldugu saptanmistir. Van ilinin merkezinde yapilan bir arastirmada hane
halklarmim aylik gelirlerinin %8.63’linili siit ve siit iriinleri harcamasina ayirdigi, ayrica siit ve siit irtinleri
harcamasinin toplam gida harcamalari igindeki payinin ise %21.45 oldugu belirlenmistir (Andi¢ ve ark. 2002).
Istanbul’da yapilan bir arastirmada ise bu oranlar; %4.19 ve %18.60 olarak saptanmistir (Karakaya ve Akbay,
2013). Siit ve siit riinlerini satin alma ozellikleri 7ablo 4’ de yer almaktadir. Hane haklart siit ve siit
tiriinlerini %80.07 oraninda marketlerden satin alirken, satin alma yerinde en diisiik pay1 %2.58 ile bakkallar
olusturmustur. Marketleri %6.28 ile hayvancilik isletmelerinden satin alma secenegi izlemistir. Satin alma sikligi
incelendiginde, ilk iki siray1 sirastyla; %41.70 ile giin asir1 ve %21.40 ile her gilin segenegi almistir. Hane halk
dlyeleri siit ve siit driinlerinin fiyatini degerlendirdiginde %44.65’1 yiiksek, %?26.20’si ¢ok yiiksek
bulurken, %8.12’si ise diisiik buldugunu ifade etmistir. Sagliga uygun ve kaliteli bir siit i¢in 6denebilecek fiyat
farki soruldugunda ise %53.87’si 0.5-1 TL/It arasinda fiyat farkini kabul edebilecegini belirtmistir.
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Tablo 3. Hane halklarinin siit iiriinleri tiiketim ozellikleri

Table 3. Milk products consumption characteristics of households

Siit iiriinleri Tiiketim s1khig
Her giin  Giin Haftada 15 giinde Ayda Hic
asiri bir bir bir tiikketilmez
Ayran Say1 56 96 84 22 9 4
% 20.66 3542 31.00 8.12 3.32 1.48
Pastirize yogurt Say1 59 111 61 16 6 18
% 21.77 40.96 22.51 591 2.21 6.64
Siizme yogurt Say1 18 58 52 49 53 41
% 6.64 21.40 19.19 18.08 19.56 15.13
Fermente Probiyotik yogurt Say1 10 23 27 41 57 113
siit % 3.69 8.49 9.96 15.13 21.03 41.70
iiriinleri  Meyveli yogurt Say1 3 31 28 35 48 126
% 1.11 11.44 10.33 12.91 17.71 46.50
Kefir/kimiz Say1 7 20 28 39 45 132
% 2.58 7.38 10.33 14.39 16.61 48.71
Peynir Say1 137 77 25 10 9 13
% 50.55 28.41 9.23 3.69 3.32 4.80
Lor/¢cékelek Say1 27 35 40 48 58 63
% 9.96 12.92 14.76 17.71 21.40 23.25
Siitla¢/puding, Say1 19 32 58 61 68 33
Diger siit  muhallebi vb. % 7.01 11.81 21.40 22.51 25.09 12.18
iiriinleri  Dondurma Say1 15 40 41 65 85 25
% 5.54 14.76 15.13 23.99 31.36 9.22
Kremali pasta Say1 22 46 59 54 64 26
vb. tathlar % 8.12 16.97 21.77 19.93 23.62 9.59

Tablo 4. Hane halklarinin siit ve siit iiriinleri satin alma ozellikleri

Table 4. Milk and milk products purchasing characteristics of households

Satin alma ozellikleri Say1 %
Market 217 80.07
Siit ve siit iiriinlerini  Bakkal 7 2.58
satin alma yeri Sarkiiteri 8 2.95
Sokak siit¢iisii 14 5.17
Hayvancilik igletmesi 17 6.28
Diger 8 2.95
Her giin 58 21.40
Giin asir 113 41.70
Satin alma siklig Haftada bir 54 19.93
15 giinde bir 34 12.54
Ayda bir 12 4.43
Cok ytiksek 71 26.20
Siit ve siit iiriinleri Yiiksek 121 44.65
fiyatinm Uygun 49 18.08
degerlendirme Diisiik 22 8.12
Cok Diisiik 8 2.95
Saghga uygun ve 0.50-1 TL/1t 146 53.87
kaliteli bir siit icin 1-2 TL/It 52 19.19
odenebilecek fiyat 2-4 TL/1t 39 14.39
Sfarki 4 TL/It’den fazla 34 12.55

Ayar ve Nizamlioglu (2002) c¢alismalarinda katilimcilarm siit ve friinlerini alirken %37 sinin
kaliteye, %26’sinin tazelige, %16’sinin fiyatina ve %12’sinin de markasina dikkat ettikleri yoniindedir. Y1lmaz ve
Demirci (2001) ise iiniversite dgrencilerinin %2.5’inin markay1 esas aldiklarin1 ve Simsek ve ark. (2005) ise
devamli ayn1 markay1 alirim diyenlerin %46 ve marka degistiririm diyenlerin ise %54 oldugunu bildirilmislerdir.
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Aragtirmacilarin sonuglarinin ¢alismamiz sonuglari ile benzer oldugunu sdyleyebiliriz. Siit ve siit {irlinleri tiiketim
miktarlar1 diger arastirma sonugclari ile karsilastirildiginda, 6rnegin kisi basina yillik siit tiiketim miktari; Celik ve
ark (2005) tarafindan Sanlurfa’da yapilan bir arastirmada 39.5 1t, Kahramanmaras ilinde gerceklestirilen bir
arastirmada ise 37.57 It (Akbay ve Tiryaki, 2007) olarak belirlenmistir. Isparta’da yapilan bir arastirmada kisi
basina yillik 6.8 It acik siit ve 24.47 It ambalajli siit tiiketildigi (Demircan ve ark., 2011) belirlenmistir. Erzincan
ilinde yapilan bir arastirmada ise 59.52 It olarak tespit edilmistir (Erdal ve Tokgoz, 2011). Gozener ve Sayili (2013)
Tokat’ta yaptiklar1 bir arastirmada aylik kisi bagi ambalajli siit tiikketim miktarin 3.65 It, agik siit tiiketim miktarini
ise 5.76 It olarak bildirmistir. Karakaya ve Akbay (2014) tarafindan Istanbul’da yapilan arastirma sonuglarina gére,
ailelerin %26.5’inin agik siit, %26.2’sinin pastdrize siit ve %87.7’sinin ise sterilize siit tiikettigi tespit edilmistir.
Bu sonuglarin bir kismi bu arastirmanin sonuglariyla da uyumludur. Bu aragtirmada siit tiiketmeyenlerin
orani %6.64 iken bu deger yukarida adi gecen calismalarda farklilik gosterebilmekte ve %18’lerin lizerine de
cikabilmektedir. Bunun nedeni, yas, egitim ve gelir diizeyi ile kronik hastalik ya da saglik sorunlar1 olabilmektedir
(Karakaya ve Akbay, 2013).

Arastirmada, tiiketicilerin siit ve siit Girlinlerine yonelik ifadelere katilma diizeyine ait bulgular 7ablo 5°de
verilmistir. Siit ve siit {irinlerinin tadin1 begeniyorum ifadesine verilen ortalama yanit 4.24 ile en yiiksek degerdir.
Bunu sirasiyla; antibiyotik kalinti madde diizeyi (3.38) ile iiretim sirasindaki islemlerdeki endise (3.14)
izlemektedir. En diisiik deger, 2.27 ile siit ve siit lirlinlerinin kolesterol igerigine verilen yanit olmustur. Siit ve siit
iiriinlerine yonelik verilen yanitlarda tadin begenilmesi diger ifadelere gore oransal olarak daha yiiksek degerler
(Katiliyorum:%35.42 ve Kesinlikle katiltyorum: %49.82 gibi) almistir.

Tablo 5. Hane halku iiyelerinin siit ve siit iiriinlerine yonelik ifadelere katilma diizeyi

Table 5. Household members’ participation level in statements related to milk and milk products

ifadeler Katilma durumu * Ortalama
1 2 3 4 5

Siit ve siit iiriinlerinin tadini Say1 8 14 18 96 135 4.24

begeniyorum. % 2.95 5.17 6.64 3542 49.82

Siit ve siit iiriinlerinin yag beni Say1 74 90 64 33 10 2.32

endiselendiriyor. % 2731 3321 2361 1218 3.69

Siit ve siit iiriinlerinin geker icerigi beni Say1 80 88 47 40 16 2.35

endiselendiriyor. % 2952 3247 1734 1476 5091

Siit ve siit iiriinlerinin kolesterol icerigi beni Say1 95 79 42 40 15 2.27

endiselendiriyor. % 3506 29.15 1550 1476 553

Siit ve siit iiriinleri iiretimi sirasindaki islemler  Say1 51 34 54 90 42 3.14

beni endiselendiriyor. % 1882 1255 1992 3321 1550

Siit ve siit iiriinlerindeki antibiyotik/kalinti Say1 37 41 48 71 74 3.38

madde diizeyi beni endiselendiriyor. o 1365 1513 1771 2620 2731
(V] . . . . .

*1:Kesinlikle katilmiyorum, 2: Katilmiyorum, 3. Karasiz, 4. Katiltyorum, 5. Kesinlikle katiliyorum

Arastirma sonuglarina gore siit iiriinleri tiikketiminde s1g1r siitiiniin daha fazla bir pay aldig1 belirlenmistir. Ocak
ve Onder (2014) yaptiklar1 arastirmada benzer olarak en fazla sigir tiiriine ait siit iiriinlerinin tiiketildigini
belirlemislerdir. Bu sekildeki siit ve siit iiriinlerinin hayvan tiiriine ait tiiketim dagilimi TUIK verileri ile de
ortismektedir. Arastirmada hanelerde daha ¢ok pastdrize yogurt tiiketildigi saptanmistir. Ayrica egitim durumu
tiiketilen peynir tiirii iizerinde etkili olabilmektedir. Ornegin koyun peynirinin gelir ve egitim diizeyine bagli olarak
tilketim diizeyi de degisebilmektedir. Benzer durum kegi siitii ve tiriinleri i¢in de gegerlidir. Nitekim kegi siitii ve
iirtinleri tiiketimi i¢in bulunan sonuglar Savran ve ark. (2011) ve Engindeniz ve ark. (2017)’nin bildiriglerinin
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altindadir. Bunun nedeninin, illerdeki hayvansal iiretim tercihlerindeki farkliigin dogal bir sonucu oldugu
diisiiniilmektedir. Y1llik ortalama yogurt tiiketimi; Istanbul’da 31.96 kg (Karakaya ve Akbay, 2013), Van’da ise
27.66 kg (Andi¢ ve ark., 2002) olarak saptannstir. Yillik ortalama peynir tiikketimi ise; Istanbul’da 14.65 kg
(Karakaya ve Akbay, 2013), Van’da ise 17.63 kg (Andi¢ ve ark., 2002) olarak belirlenmistir.

Arastirma sonuglara gore hane halk: {iyeleri siit ve siit iirlinlerini daha ¢ok marketten ve giin asir1 satin
almaktadir. Giliniimiiz tiiketicilerinin gida aligverislerinde ¢ogunlukla marketleri kullandiklar1 goriilmektedir
(Onciil ve ark., 2019). Sanlurfa’da yapilan arastirmada siitiin satin almmasinda marketin tercih edilme
oraninin %61.4 oldugu belirlenmistir (Celik ve ark., 2005). Ocak ve Onder (2014) tarafindan Dogu Akdeniz’de
yapilan bir arastirmada ise inek siitiiniin (% 88.7) ve yogurdunun (% 90.8) cogunlukla marketlerden satin alindig:
saptanmuigtir.

4. Sonug¢

[zmir’in Bornova ilgesinin ekonomik yapisi, tarim ve hayvanciliga dayali olmadig: igin siit endiistrisinin
gelistirilmesine yonelik caligmalarin yapilmasi ve teknolojik gelismelerin yakindan takip edilmesi bolge agisindan
onemli olacaktir. Bu yapilirken yerel yonetimlerce kayit disi olan sokak siitii satiginin kontrol altina alinmasinin
saglanmasi ve hijyenik kosullarda iiretilmis siit ve siit lirlinlerinin arzin1 saglayacak denetleme mekanizmasinin
kurulmasi gerekmektedir. Tiiketicilerde agik siitiin saglikli olduguna ve ambalajli siitlerde katki maddesi olduguna
inanma gibi baz1 dogru kabul ettikleri yanhs diisiincelerin degismesi acisindan, denetimler uzman kisilerce ve
diizenli olarak yapilmalidir. Hayvansal iiriin talebini etkileyen faktdrlerden biri de halk saghig: riskleridir. Bu
nedenle siit ve iriinlerinde de kalite standartlar1 belirlenmeli, {iriin kalitesi arttirilmali ve gida giivenilirligi
saglanmalidir. Sonu¢ olarak; Tiirkiye’de bolgesel diizeyde beslenme aligkanliklart ve tiiketici tercihleri
arastirmalarla saptanmali, her bolgedeki tercihler dikkate alinarak iiriin cesitliligi ve farkli sunum sekilleri
olusturulmalidir. Hayvansal protein tiikketimini 6zendirmek, saglikli kosullarda iiretilmis siitii ve triinlerinin
tilketime sunulmasini saglamak amactyla toplumun bilgilendirilme ve bilin¢lendirilmesine yonelik ¢caligmalar (afis,
brosiir, belgesel ve spot filmler vb.) yapilmalidir. Yapilacak ¢aligmalarda tiiketicilerin kapali siit ve triinlerini
tercih etmeleri konusu {izerinde 6nemle durulmalidir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Yar1 Kurak Bolge Kosullarinda Zeytin Bitkisinin Yetistigi Toprakta Karbondioksit
Emisyonunun Olciilmesi

Measurement of CO> Emissions in the Semi - Arid Region Conditions in the Soil where the
Olive Plant Grows

Erdal SAKIN', Korkmaz BELLITURK*, Ahmet CELIK®

Oz

Tarimsal faaliyetler ve bilesenleri bilyik oranda iklimsel olaylara dayamr. Ozellikle sicaklik ve CO:
diizeylerindeki yiikselme tarimsal iiretimin gelecegini belirleyen en 6nemli parametredir. Diinya atmosferinde CO2
miktarinin giderek artmasi, sera etkisi yapan diger gazlarla birlikte global iklim degisikligine ve sicakligin
artmasina neden olmaktadir. Yine bu degisimlerin yaninda diizensiz mevsimler, kuraklik, toprak verimliliginin
azalmas1 ve erozyon, su kaynaklarinda azalma, dogal bitki ortiistindeki degisim, gida yetersizligi/glivenligi,
hastaliklarin ve zararlilarin yayginlagmas: iklim degisikliginin olumsuz etkileri arasinda yer almaktadir. Bu
olumsuzluklar Diinya ve Tiirkiye a¢isindan énemli diizeyde risk olusturmaktadir. Tiirkiye’de yetistiriciligi oldukga
eski donemlere dayanan zeytin bitkisinin Glineydogu Anadolu Bdlgesi’nde son donemlerde tarimi, kullanimi ve
ticareti hizla ivme kazanmistir. Bu nedenle yapilan bu aragtirmada zeytin bitkisinin yetistigi ortamlarda topraktan
¢ikan CO2 emisyonuna etki eden faktorlerin (sicaklik ve nem) incelenmesi ve dl¢iilmesi amaglanmistir. Arastirma
Harran Universitesi Eyyubiye kampiisiinde zeytin bitkisinin yetistigi alanda 56 hafta siiresince 3 tekrarli olarak 5
ornekleme alaninda yiiriitiilmiistiir. Caligma alan1 topraklarinin bazi fiziksel ve kimyasal 6zellikleri de bu caligma
kapsaminda belirlenmistir. klimsel veriler, inceleme alaninda kurulan Decagon data logger (5 TE, EM50 Data
Logger) ile 30 dakika bir siire ile Olciilmiistiir. Topraktan CO: ¢ikist Soda-Lime yontemi ile Slgiilmiistiir.
Analizlerde R (CorLevelPlot package) Minitab 17 istatistik paket programi kullanilmistir. Aragtirma sonuglarina
gore, topraktan salinan CO: emisyonu iizerine toprak sicakliginin etkisi toprak neminin etkisinden daha fazla
oldugu saptanmustir. Topraktan COz gikist toprak sicakligi ile dogru (1?=0.695, p<0.05), toprak nemi ile ters (1*= -
0.626, p<0.05) bir korelasyon saptanmistir. Toprak sicakligi 6°C’nin altina diistigiinde topraktan ¢ikan COz
miktarinin minimum diizeyde oldugu ve bu noktanin da kritik toprak sicaklik noktasi oldugu belirlenmistir.
Arastirma topraklarinda COz ¢ikisi, farkli derinlik, nem ve sicaklik miktarlarina bagh degismekle beraber ortalama
55.56 g CO2 m™ hafta™! olarak saptanmustir.
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Abstract

Agricultural activities and their components are largely based on climatic events. Especially the rise in temperature
and CO; levels is the most important parameter that determines the future of agricultural production. Increasing
amount of CO; in the world atmosphere causes global climate change and temperature increase together with other
gases that cause greenhouse effect. In addition to these changes, irregular seasons, drought, decrease in soil fertility
and erosion, decrease in water resources, change in natural vegetation, food insufficiency / security, spread of
diseases and pests are among the negative effects of climate change. These problems pose a risk in terms of
significant world and Turkey. Agriculture use and trade of the olive plant, the cultivation of which dates back to
very old eras in Turkey, has gained momentum in the Southeastern Anatolia Region recently. For this reason, in
this study, it is aimed to examine and measure the factors (temperature and humidity) affecting the CO2 emission
from the soil in the environments where the olive plant grows. The research has been carried out in Harran
University Eyyubiye campus in 5 sampling areas with 3 repetitions for 56 weeks in the area where the olive plant
grows. Some physical and chemical properties of the study area soils were determined. The climatic data were
determined for a period of 30 minutes with the Decagon data logger (5 TE, EM50 Data Logger) installed in the
study area. CO; output from soil has been measured by the Soda-Lime method. In the analysis, R (CorLevelPlot
package) Minitab 17 statistics package program has been used. According to the results of the research, it has been
determined that the effect of the soil temperature on the CO» emission released from the soil is higher than the
effect of the soil moisture. It has been determined that CO2 output from soil correlated directly with soil
temperature (12 = 0.695, p <0.05) and correlated inversely with soil moisture (12 = -0.626, p <0.05). It has been
determined that when the soil temperature drops below 6 °C, the amount of CO- released from the soil is at a
minimum level, and this point is the critical soil temperature point. Although the CO2 output in the research soils
varies depending on the different depth, moisture and temperature amounts, the average was determined as 55.56
g CO> m? weeks™'.

Keywords: CO2 Emission, Olive, Climate Change, Temperature, Humidity
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1. Giris

Insanlarin gelecegini tehdit eden birincil gevresel sorunlarin baginda kiiresel iklim degisimi gelmektedir.
Diinya’da yillik sicaklik ortalamalarmin hizla artmasi, diizensiz mevsimler, gida yetersizligi/giivenligi,
hastaliklarin ve zararlilarin yayginlagmas: iklimsel degisikliklerin olumsuz etki ve risklerini ortaya koymaktadir.
iklim degisimine sebep olan baslica etkenin sera gazlarmin (CO2, N2O, CHs vb) atmosferdeki yogunluklarmin
artmast oldugu gosterilmektedir (Nowak ve Crane, 2002; Schimel ve ark., 2000). Topraktaki cesitli
mikroorganizma faaliyetleri ve bitki koklerinden ¢ikan karbondioksit’in (CO2) zamansal ve mekansal faktorler
altinda atmosfere salinmasi ‘toprak solunumu’ olarak tanimlanmaktadir (Raich ve Schlesinger, 1992). Toprak
solunumundaki bir artis, atmosferdeki CO2 degerlerini potansiyel olarak yiikseltecektir. Boylece atmosferdeki CO2
artiglar1 ve bununla ilgili olarak iklimdeki potansiyel degisimde, biyosferik karbon akiglarinin belirlenmesi oldukca
biiyiik 6nem tasimaktadir (Raich ve Schlesinger, 1992). Ayrica atmosferik COz’in artmas ile artan global 1stnmay1
ve dogabilecek olumsuzluklar1 6nlemek amaciyla son 30 yillik siiregten giiniimiize kadar ¢aligmalar yapilmaktadir.
Ancak calismalar istenilen diizeye erismemistir. Toprak solunum oraninin 6lgiilmesi hem atmosfere ne oranda CO>
salindiginin belirlenmesinde hem de uygulamasi kolay ve ucuz oldugundan, toprak kirliligi calismalarinda da gok
kullanilan bir yontemdir. Bu yontemle topraktaki toplam mikrobiyal aktivitelerin belirlenmesi de saglanir. Ayrica
orman ekosistemlerinde asit depolanmasinin etkilerinin belirlenmesinde oldugu kadar agir metallerin etkilerinin
ortaya konulmasinda da kullanilmaktadir (Vanhala ve ark., 1996). Toprak solunumu hem zamansal hem de
mekansal olarak ¢ok biiyiik degiskenlik gosterir. Zaman faktorii giinliik, aylik ve yillik siireglerden olugmaktadir.
Bu siireglerde toprak solunumunu etkileyen 6nemli faktorler toprak sicakligi ve toprak nemidir (Goncharova ve
ark., 2020). Mekansal faktorler ise topragin fiziksel, kimyasal ve biyolojik (vejetasyon tipi ve yogunlugu, kok
yogunlugu, mikroorganizma faaliyetleri vb.) 6zelliklerini kapsamaktadir (Dignac ve ark., 2017).

Atmosfere salman karbondioksitin bilylik miktar1 tarimsal faaliyetler sonucu meydana gelmistir. Tarimsal
uygulamalardan, 6zellikle pullukla toprak isleme, aniz yakma ve ekim nébeti uygulanmasi COz ¢ikisi artisinda
cok Snemli role sahiptir (Lal ve Kimbele, 1997). Son yillarda yapilan bilimsel arastirmalarda, toprak karbon
stoklarindaki hizli oksidasyonun g¢evrede ozellikle atmosferin kimyasinda énemli degismelere neden oldugunu
ortaya koymustur. Atmosferdeki sera gazlarindan &zellikle CO2’nin miktarindaki artis egilimi iklim, bitkilerin
fizyolojisi, topragin mikrobiyal aktivitesi ve organik maddenin olusumu ve parcalanmasina 6nemli dlciide etki
eden faktorlerin basinda gelir (Bellitiirk, 2019). Topraklar atmosferdeki COz igin bir depo yeri olabilecegi gibi
emisyon kaynagi da olabilir. Bir ekosistemde toprakta depolanan veya topraktan atmosfere salinan C miktar1, net
ekosistem {iretimi ile ekosistemden atmosfere salinan toplam heterotrofik solunuma baglidir. Arazinin kullanimina
bagli olarak yogun toprak isleme, topraktaki organik C’un hizla oksidasyonun topraklarin atmosferdeki COz i¢in
bir kaynak olmasina neden olmaktadir. Topraklar yillardir uygulanan geleneksel toprak isleme sonucu sahip
oldugu baslangic karbon diizeyinin yaklasik %50’sini kaybetmis durumdadir.

Toprak islemede yogun enerji kullanimi, insan sagligini etkileyen ve sera gaz1 (GHG) emisyonlar1 gibi dnemli
cevre sorunlarini ortaya ¢ikarmaktadir (Karaagac ve ark., 2019). Bu sorunlar1 azaltmak i¢in, minimum siiriim ve
islemesiz tarim teknikleri organik karbonun oksidasyonunu diistirerek topragin net C kazanmasina neden olur.
Boylece cesitli yollarla atmosfere salinmis olan C’nin yeniden toprakta depolanmasi saglanabilir. Yiiksek organik
karbon ayni zamanda topragin verimliligini ve kalitesini de artirir. Bdylece topraklar atmosferdeki karbonun
depolanmasi i¢in iyi bir kaynak gorevi goriir. Topraklar, karbondioksitin 6nemli kiiresel kaynag1 ve deposudur.
Bundan dolay1 karbondioksitin atmosferdeki yogunlugunun diizenlenmesinde 6nemli rol oynar. Yapilan
arastirmalarda her yil atmosferdeki karbondioksit yogunlugunun yaklasik %10’u toprak yoluyla atmosfere
gecmektedir. Bu miktar fosil yakitlarin yanmasiyla ve ormansizlasma ile agiga ¢ikan CO> miktarindan yaklasik 10
kat daha yiiksek diizeydedir (Raich ve Schlesinger, 1992).

Topraklar, karbon depolanmasi ve emisyonlarini dengelemek icin ¢ok dnemli bir ortam olusturur. Toprak
organik maddesi ve inorganik karbonatlar pedosferde iki biiyiik karbon havuzu olup ve birbiriyle yakindan ilgilidir.
Kurak bolgelerde sulama ile topraga CO2’in baglanma sansinin yiiksek olmasi nedeniyle (Celik ve Sakin, 2017),
Tiirkiye’de yeni sulamaya agilacak ve mevcut sulanan alanlarda ayrintili ¢alismalar yapilmasina biiyiik gereksinim
duyulmaktadir.

Gelecekte daha sicak ve kurak kosullarin s6z konusu oldugu bir siirecte, daha kurakgeil ve sicak kosullara uygun
tarimsal bitki gesitlerinin belirlenmesi gerekmektedir (Yaldiz ve Sekeroglu, 2013). Bunun disinda alinmasi
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gereken diger bir 6nlem de kurakliga karsi toprak su tutma kapasitesinin artirilmasina yonelik kiiltiirel islemlerden
organik giibre kullaniminin da yayginlastirilmasi son derece dnemlidir (Celik ve ark., 2017). Bu konuda organik
giibrelerden vermikompost uygulamalarinin toprakta su tutma kapasitesini artirdigi belirlenmistir. Organik
giibrelerin ve vermikompost uygulamasinin mikrobiyal aktiviteyi olumlu yonde etkilemekte olup, heterotrofik
mikroorganizmalar tarafindan enerji sonucunda son iiriin olarak ortaya ¢ikan CO: seviyesi, organik karbonun
mineralizasyonu hakkinda 6nemli bilgiler verir (A¢ikbas ve Bellitiirk, 2016; Bellitiirk, 2018; Gorres ve ark., 2019;
Bellitiirk ve ark., 2019;Bellitiirk, 2019; Gogmez ve ark., 2019).

Tiirkiye’nin uygun ekolojilerinde kiiltiir sartlarinda ve ozellikle yar1 kurak bolge topraklarinda yetistirilen
zeytin bitkisinin dikim alan1 agisindan yayginlastirilmasi ve kullanimi her gegen giin 6nem kazanmistir (Cimrin
ve ark., 2019). Hazirlanan bu ¢aligmada, Harran Universitesi Eyyubiye kampiisiinde bulunan zeytin agaclarmin
yetistigi topraklarin solunumu ve solunuma etki eden faktdrlerin incelenmesi amaglanmistir. Ayrica yine bu
calismayla elde edilen bulgularin kiiresel ve yerel karbon dongiisiiniin 6nemli bir pargasi olan toprak solunumu ile
ilgili altlik verilerin saglanmasi hedeflenmistir.

2. Materyal ve Metot

2.1. Ornekleme Yontemi

Caligma alan1 Harran Ovasi’nda 37° 09' 02" N enlemleri ile 38° 48' 57" E boylamlar arasinda yer alan Eyyubiye
kampiisiinde zeytinlik alanda yiriitiilmiistiir (Seki/ 7). Deneme alaninin denizden yiiksekligi 466 m’dir. Harran
Universitesi Eyyiibiye kampiisiinde zeytin bitkisinin yetistigi alanda 56 hafta siiresince 3 tekrarli olarak 5 6rnekleme
alaninda yiiriitilmiistiir.

Figurel. Location of the study area
Sekil 1. Calisma Alaninin Konumu

2.2. Laboratuvar Analizleri

Topraklarin bazi fiziksel ve kimyasal 6zelliklerini belirlemek i¢in 0-5 ve 5-10 cm derinliginde toprak drnekleri
alinmig, kurutulmus ve 2 mm’lik elekten gecirilmistir. Topraklarin parcacik bilyiiklik dagilimi (tekstiir)
(Bouyoucos, 1951), kireg icerigi (Scheibler kalsimetresi) (Allison ve Moodie, 1965), organik karbon igerigi
(Walkley-Black) (Nelson ve Sommers, 1982), toprak reaksiyonu (pH) 1:2.5 toprak/su siispansiyonunda ve
elektriksel iletkenlik (EC) (Horneck ve ark., 1989) ve hacim agirligi (Black, 1965) analizleri yapilmistir. Caligma
alan1 topraklar killi, kirecli, organik karbon miktar1 diisiik, hafif alkali olup, tuzluluk problemi bulunmamaktadir
(Tablo 1).
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Tablo 1. Calisma alani topraklarinin baz fiziksel ve kimyasal ézellikleri
Table 1. Some physical and chemical properties of work area soils

Toprak Parametreleri Derinlik (0-5 cm) Derinlik (5-10 cm)
Toprak Reaksiyonu; pH (1:2.5) 7.55 7.69
Elektriksel letkenlik; EC (1:2.5) 0.91 0.94
Organik Karbon; OC (%) 2.01 1.96
Hacim Agirhgi; HA (g/cm™) 1.26 1.28
Kireg Icerigi (%) 25.11 29.09
Kil (%) 52.56 50.56
Kum (%) 26.42 24.46
Silt (%) 21.02 24.98
Tekstiir sinifi C C

2.3. Iklim Verileri

Caligmanin yiiriitiildiigii bolgenin iklimi kurak ve yar1 kurak olup, kislar 1lik, yazlar kurak ve sicaktir. iklim
verilerine gore, yillik ortalama sicaklik 18.4 °C, yillik ortalama yagis diizeyi 463.6 mm, en yiiksek sicaklik 46.8 °C
ile Temmuz, en diisiik sicaklik ise -12.4 °C ile Subat ayinda saptanmustir (Anonim, 2019). iklim verileri deneme
alaninda kurulan Decagon data logger (STE, EM50 Data Logger) yardimiyla 30 dakikada bir 6l¢iilmiistiir. Elde
edilen veriler gilinliik, haftalik, aylik ve yillik olmak iizere alinmis ve ayni tarihlerde alinan CO: ¢ikis miktarlari ile
karsilagtirilngtir. Tklim verileri hava sicakligi, bagil nem, PVC kabin i¢ sicakligi, i¢ nemi, PVC kabin kapladig1
toprak alaninin 5 cm derinligindeki toprak sicakligi, toprak nemi ve topragin elektriksel kondaktivitesi, agik
alandaki (PVC kabin olmadigi) topragin 5 ve 10 cm derinlikteki toprak sicakligi, toprak nemi ve topragin
elektriksel kondaktivitesi 6l¢lilmiistiir. Alinan bu veriler topraktan ¢ikan COx degerleri ile iliskilendirilmistir.

2.4. Karbondioksit (CO:) Emisyonunun Olgiilmesi

Bu calismada, Harran Universitesi Eyyubiye kampiisiinde zeytin yetistirilen islenmemis toprakta CO:
emisyonunu belirlemek i¢in, diinyada yapilan caligmalarda pek ¢ok arastirmaci tarafindan tercih edilen, kolay ve
ucuz olmasi (Keith ve Wong, 2006) nedeni ile Soda Lime (Soda Kireci) (Grogan, 1998) kullanilmistir. Bu
yontemle CO:z kimyasal olarak soda-lime baglamaktadir (Edwards, 1982). Soda Lime graniiller yapida olup graniil
biiytikligii yaklagik olarak 2-5 mm arasinda degisen CaOH + NaOH (kalsiyum ve sodyum hidrooksitler)
karisimindan ibarettir. Alkali (bazik) 6zelligine sahip olan soda-lime CO2’i fikse etmektedir (Jae ve ark., 2011).

Ekolojik kosullara bagl olarak alinan soda-lime miktar1 degismekle beraber genel olarak 50-100 g arasinda
degismektedir. Bu ¢alisma i¢in 50 g soda-lime alinmistir. Caligma islenmemis alanlarda 3 tekerriirlii olacak sekilde
kurulmus ve hesaplama asagidaki formiile gére yapilmustir.

ECO:> =(SLad-SLbas)*WC / (A*t) (Es.1)

Burada ECO, inkiibasyon siiresince ¢ikan toplam CO> miktar (g CO2 m™ giin!); SLad, COz adsorbe etmis soda
lime miktar1 (g); SLbas, baslangigtaki soda lime miktar1 (g); A, alan (m?); t, inkiibasyon zamani (arazide kalma
stiresi) (glin); WC, su diizeltme katsayis1 1.69 alinmustir.

2.5. Istatistik Analizler

Analizlerde R (CorLevelPlot package) Minitab 17 istatistik paket programi kullanilmustir.

3. Arastirma Sonuclari ve Tartisma

Topraklarin haftalik karbon emisyon miktarlari (g CO2 m?) Sekil 2°de, giinliik karbon emisyonu (g C m) ve
baz1 iklim parametrelerinin tanimlayici istatistik degerleri Tablo 2°de ve giinliik karbon emisyonu (g C m?) ile
bazi iklim parametreleri arasindaki korelasyon Tablo 3’te verilmistir.
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Haftalik ortalama CO2-C degeri 15.15 g C m? hafta! (55.56 g CO2 m hafta!) olarak belirlenmistir. 5 cm
toprak derinliginde haftalik ortalama toprak su igerigi %11.66 (%VWC) iken 10 cm toprak derinliginde bu
deger %13.45 (%VWC) olarak belirlenmistir. Ortalama haftalik toprak sicaklig1 5 cm toprak derinliginde 22.53 °C
iken 10 cm toprak derinliginde 22.25 °C olarak 6l¢iilmiistiir. PVC kaplar ile ortiilen topraklarin 5 cm toprak
derinliginde ortalama haftalik toprak su icerigi %11.29, aym alan ve ayni toprak derinliginde toprak sicakligi
22.50 °C olarak saptanmistir (7ablo 2). iklim parametrelerinin disinda toprak tekstiirii, striiktiirii, kimyasal ve
biyolojik ozelliklerde topraktan CO: cikist iizerine etkilidir. Ayrica, topraktaki organik karbon igerigi ve
fonksiyonel karbon gruplari ve diger pek cok faktorlere baglhidir.

Heterojen bir ortama sahip olan toprak kati, sivi ve gaz fazlarindan olugmustur. Bu ortam derinlik bakimindan
farklilik gostermektedir. Topraktan CO> taginimu alttan yiizeye dogru olmaktadir. Bu sekilde yiizeye dogru taginan
COz’in bir kism1 atmosfere salinirken geri kalan kisim bazi kimyasal olaylara katilmaktadir. Toprak derinligine
bagli olarak topraktaki CO2 yogunlugu degismektedir. Genel olarak derin olan topraklarin CO2 yogunlugu yiiksek,
yiizlek (derin olmayan) topraklarin ise diisiik olmaktadir.

Tablo 2. Topraktan COx-C ¢ikisi (g m™' hafta) ve bazi iklim parametrelerinin tanimlayici istatistik degerleri
Table 2. CO:-C output from soil (g m™' week) and descriptive statistics of some climate parameters

Degisken Parametreler Ort. Standart Standart Varyasyon Min. Mak.
Hata Ort. Sapma Katsayisi
Ort. CO2-C ¢ikig1 (g m™ hafta™) 15.15 0.10 0.75 34.45 6.54 28.85
Toprak su igerigi (% VWC,5cm)  11.66 0.61 4.41 37.76 5.61 21.24
Toprak sicakligi (°C, 5 cm) 22.53 1.57 11.35 50.39 5.65 39.39
Toprak su igerigi (VWC %, 10 cm) 13.45 0.61 4.37 32.47 7.97 22.42
Toprak sicakligi (°C, 10 cm) 22.25 1.46 10.50 47.20 6.74 37.44
PVC kabin su igerigi (% VWC) 11.29 0.98 7.08 62.67 2.21 29.43
PVC kabin ig sicaklig1 (°C) 22.50 1.53 11.03 49.01 5.40 38.38

Topraktan CO2 emisyonunun minimum ve maksimum degerleri sirasiyla 22.64 ile 105.79 g CO2 m? hafta™
arasinda degismektedir. Tklim parametrelerine bagl olarak mevsimsel degisen CO2 emisyon degerleri arasindaki
farktan dolay1 CV (varyasyon katsayisi)’ler ortalamanin iistiine gikabilmektedir. Ornegin haftalik ortalama toprak
sicakligr (5 cm) minimum 5.65 °C, maksimum 39.39 °C, ayn1 derinlige ait toprak su igerigi ise sirastyla %5.612
ile %21.235 arasinda degismektedir. Haftalik ortalama toprak sicakligi ve toprak nemi gece ile giindiiz arasindaki
sicaklik farkin yiliksek olmasindan kaynaklanmaktadir. Bu degerler haftalik ortalama sicaklik ve nemin dalgali
¢ikmasina ve CV’lerin yiiksek olmasina neden olmaktadir (7ablo 2).

Deneme alanindaki topraklarin CO2 emisyonu iklim parametrelerine bagli olarak yil i¢inde biiyiik degisimler
gostermektedir. Karbondioksit emisyonu, 51’inci (Temmuz-Agustos arasi) haftada maksimum ve 28’inci (Subat
ay1 ortalar1) haftada minimum diizeyde saptanmustir. Bu haftalarda CO2 emisyonu 28’inci haftada 22.64 g CO> m’
2 hafta™!, 51’inci haftada 105.79 g CO2 m™ hafta™! olarak 6lgiilmiistiir (Sekil 2). Temmuz — Agustos arasinda bahge
sulamasi nedeni ile CO: ¢ikisi arttig1 diistiniilmektedir.

Burada CO:z ¢ikiginin artmasi ve azalmasiin temel nedeni toprak icerisinde yasayan Mezofilik heterotrof
mikroorganizmalarin aktivitesinin toprak sicaklifi ve nemine bagli olarak artmasi ve diismesidir. Bu nedenle
toprak sicakligi ile topraktaki CO2 emisyonu arasinda yiiksek korelasyonlar saptanmistir (p<0.05, Tablo 3).
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Figure 2. Weekly soil CO: emission

Sekil 2. Haftalik toprak CO: emisyonu

Bu haftalarda (14 ve 28’inci haftalar) CO: emisyonuna karsilik gelen karbon emisyonu degerleri minimum
6.54 g C m? hafta! ile maksimum 28.85 g C m™ hafta™! arasmda degismektedir (Seki/ 3). Yani maksimum ve
minimum CO2 ve C emisyonu, iklim parametrelerinin minimum ve maksimum oldugu dénemlere denk

gelmektedir.
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Figure 3. Weekly soil CO:-C emission

Sekil 3. Haftalik toprak CO:-C emisyonu

Toprak nemi ve sicakligi toprak canlilarinin yasam kosullarini etkilemektedir. Toprak sicakligi ile toprak nemi
arasinda ters bir iliski bulunmaktadir. Toprak sicakligi azaldik¢a nem artmakta, nem azaldik¢a toprak sicaklig
artmaktadir. Bu iki parametreye bagl olarak topraktan ¢ikan CO2 miktar1 degismektedir. Topraktan COz ¢ikisi
toprak sicakligina bagl olarak bir dalgalanma (azalma-artma) gostermektedir. Toprak sicakligi 6 °C’nin altina
diistiigiinde ve toprak su igerigi %20 nin istiine ¢iktiginda topraktan ¢ikan CO2 miktar1 minimum diizeydedir.
Toprak sicakligi 20 °C’nin ve toprak su igerigi %20 nin istiine ¢iktiginda toprak sicakligi ve nemi arasinda ters
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bir iliski ortaya ¢ikmaktadir. Toprak sicakliginin maksimum oldugu (40 °C) noktada toprak nem igerigi minimum
(%6) noktadadir. Caligmanin 51’inci haftasinda sicakligin maksimum ve nemin minimum oldugu noktada CO:
emisyonu maksimum degerdedir (Sekil 4). Bu ve buna benzer noktalarda CO: ¢ikiginin en yiiksek degerde olmasi
sadece topraktaki mikrobiyal faaliyetler ile bitki koklerinin aktivitesine bagli olmayip, kurak ve yar1 kurak
bolgelerde uzun donem ve uzun giinesleme kosullar1 altinda ayrigma ve pargcalanma gergeklestiginden dolayi ¢ikan
CO2’1n bir kism1 da bu olaydan kaynaklanabilmektedir. Yine topraktaki kire¢ icerigi de CO2 olugumunu kimyasal
olarak etkileyen en 6nemli faktorlerden biridir. Ciinki arastirma topraklarinda % 25.11-29.09 diizeyinde belirlenen
kireg varligi, bu topraklarda kimyasal olarak olusabilecek CO2’in temel sebeplerinden biri oldugu diisiiniilmektedir.

120 1
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Figure 4. The relationship between weekly CO2, temperature and soil water content
Sekil 4. Haftalik CO:, sicakhik ve toprak su icerigi arasindaki iligki

Topraktan ¢ikan CO»-C ile iklim parametreleri arasindaki korelasyon katsayilart 7ablo 3’te verilmistir. Bu
parametreler arasindaki korelasyon P<0.05 6nem seviyesinde incelenmistir. Buna gore haftalik ¢ikan ortalama
CO»-C miktar1, 5 ve 10 cm derinligindeki toprak su igerigi (R>= -0.626 ve -0.498) ve PVC kabin i¢indeki 5 cm
derinligindeki toprak su igerigi (R?= -0.620) ile 5Snemli seviyelerde negatif, 5 ve 10 cm toprak derinligindeki toprak
sicakhigr (R%= 0.695 ve 0.688) ve 5 cm derinliginde PVC kabin igindeki toprak sicaklig1 (R?= 0.679) ile pozitif bir
korelasyon bulunmustur. Genel olarak, CO2 emisyonu ve toprak sicakliklar arasinda yiiksek oranlarda 6nemli ve
pozitif bir korelasyon saptanmigtir. Farkli derinliklerdeki 6lgiilen toprak nemi ile CO2 emisyonu arasinda da
yiiksek oranlarda 6nemli ve negatif bir korelasyon belirlenmistir.

Topraktan CO: ¢ikis1 atmosfer, biyosfer, jeosfer ve hidrosfer arasinda karbon degisimi iizerinde 6nemli bir rol
oynamaktadir (Herbst ve Hellebrand, 2008). CO2 emisyonu ekosistemlerdeki karbon dengesi, besin dongiisii, iklim
degisimi ve karbon depolamasi lizerine biiyiik bir dneme sahiptir (Luo ve Zhou, 2006). Topraklarda CO2 emisyonu,
mikrobiyal aktiviteler, bitki koklerinin faaliyetleri, topraktaki organik karbonun oksidasyonu, uzun kuraklik
donemi ve giines 1sinlarinin etkisinde bulunan topraklarda karbon pargalanmasi sonucu olugmaktadir.

Zaman ve mekana bagl olarak degisen toprak solunumunu etkileyen en dnemli parametreler toprak sicakligi
ve toprak nemidir. Toprak sicaklig1 ve toprak nemi toprak solunumunun %80-90’1n1 olusturmaktadir. Bu nedenle
karbon emisyonu ¢aligmalarinda bu iki parametreye dikkat edilmesi dnemlidir. Toprak nemi, toprak sicakligi, bitki
kokleri ve organizmalar topraktaki CO: emisyonunu etkilerken aym zamanda atmosferik CO:2 oranmi da
etkilemektedir. Pek cok calismada (Bauer ve ark., 2012); (Zimmermann ve ark., 2010); (Dilekoglu ve Sakin.,
2017a) bu konulara deginilmistir. Bunlarin disinda organik madde igerigi (Liu ve ark., 2009); (Sakin, 2016), kok
mikrobiyal aktivitesi (Almaraz ve ark., 2009), farkli ana materyaller (Lou ve ark., 2004) gibi faktorlerin de
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etkiledigi belirtilmistir. Bu ¢alisma sonuglarina gore, toprak sicakligi CO2 emisyonu iizerindeki etkisi toprak
nemine gore daha yiiksek diizeydedir. Ayni iklim kosullarinda ve ayni toprak &zelliklerine sahip farkli isleme
kosullar1 altinda Giille Sakin ve ark. (2015)’in otomatik COz emisyon cihaz1 ile (LI-8100A, LI-COR) yapmis
olduklari caligmalarinda da COz ¢ikisina sicakligin etkisinin toprak neminden daha fazla oldugunu saptamislardir.
Toprak sicaklifi 5 °C’nin altina dlismesi durumunda karbon emisyonunun minimum oldugu belirtilmistir. Bu
calisgmada CO; emisyonu igin kritik toprak sicakligi 6 °C olarak saptanmistir (7ablo 3).

Tablo 3. Bazi iklim parametreleri ile CO2-C arasindaki korelasyonlar
Table 3. Correlations between some climate parameters and CO>-C

Parametreler Ort. C Toprak Toprak Toprak su Toprak PVC kabin
(g m? su sicakhig icerigi sicakhigi su icerigi
haftabk') (%VWC; (°C;5cm) (%VWC;10 (°C; 10 cm) (% VWC;
5 cm) cm) 5 cm)

Toprak su igerigi (%o -0.626*

VWC; 5 cm)

Toprak sicakligi (°C; 0.695* -0.879*

5 cm)

Toprak su igerigi -0.498%* 0.795%* -0.750*

(%VWC; 10 cm)

Toprak sicakligi (°C; 0.688* -0.874%* 0.999* -0.765*

10 cm)

PVC kabin su igerigi -0.620* 0.752%* -0.774% 0.799* -0.775*

(%VWC; 5 cm)

PVC kabin i¢ 0.679* -0.865%* 0.997* -0.748* 0.996* -0.773*

sicaklig1 (°C; 5 cm)

*p<0.05 diizeyinde 6nemli, **p<0.01 diizeyinde ¢ok dnemli

Harran Ovast’nin islenmis killi topraklarinda karbon emisyonu belirleme ¢aligmalarinda toprak sicakligi ve
toprak nemine bagli olarak topraktan ¢ikan karbon miktar 1.49 g C m™ giin™! (5.46 g CO2 m™ giin”! veya 38.22 g
CO: m? hafta) olarak saptanmstir (Sakin ve Sakin, 2015). Islenmemis alanlarda yapilan bu caligmada ise, toprak
nemi ve sicakligina bagh olarak ortalama karbon emisyon miktar1 2.17 g C m giin™ (15.152 g CO2 m™ giin”! veya
55.56 g CO2 m hafta!) olarak belirlenmistir. Bu ¢alismada topraktan ¢gikan COz miktar1 islenmis alanlardan ¢gikan
CO2’in yaklagik olarak 1.46 kati kadardir. Islenmemis alanlarin karbon emisyon oranlarimin yiiksek olmasimin
diger bir nedeni de bu topraklarin karbon igeriginin yiiksek olmasindan kaynaklanmaktadir. Calisma alani
topraklarinin karbon igerigi %2.01 (0-5 cm) ile %1.96 (5-10 ¢cm) olarak belirlenmistir. Bélgede yapilmis olan bu
calismanin sonuglar1 ile mevcut ¢aligsma sonuglari arasinda benzerlik ortaya ¢ikmistir (Sakin ve Yanardag, 2019).

Diinyada yapilan pek ¢ok ¢alismada sicakligin diisiik nemin yiiksek oldugu kis donemlerinde topraktan CO2
emisyonu orant minimumdur. Toprak solunumu toprak sicakliginin artmasiyla artmaktadir. Topraklarin toprak
solunumu vejetasyon tipine, yonetim pratiklerine, ¢evre kosullarma ve arazi kullanim tiplerine bagli olarak
degismektedir (Frank ve ark., 2006; Maier ve ark., 2010; Giardina ve ark., 2014; Angert ve ark., 2015; Celik, 2018;
Sakin ve Yanardag, 2019). Ancak arastirmacilar caligmalarinda toprak nemi ile toprak sicakliginin pik noktalarimi
belirtmemislerdir. Uzun kuraklik doneminden sonra asir1 yagislarin diismesi toprak canlilarin yagamini etkilerken
toprakta CO2 emisyonuna neden olmaktadir (Xu ve Luo, 2012). Ancak uzun siiren kuraklik déneminde toprak
organizmalarinin aktivitesi hakkinda net bilgi olmadig1 belirtilmistir (Wu ve Lee, 2011). Toprak sicakligi ve nemi
ile toprakta COz solunumu orani arasinda gii¢lii iligkiler saptanmustir (Rey ve ark., 2011; Sugihara ve ark., 2012;
Forrester ve ark., 2012; Dilekoglu ve Sakin, 2017b).

Toprak COz emisyonu y1l iginde tiim alanlarda (islenmis, islenmemis, orman vs.) degisiklik gostermektedir.
Bu degisim toprak nemi ve toprak sicaklig ile ilgilidir. Almagro ve ark. (2009)’ i yapmus olduklar1 ¢alismada
toprak solunumu, toprak sicakliginin artmasi ile Nisan ayina kadar siirekli arttig1 ve bu dénemde pik (12.7 g CO2
m giin") yaptig1 belirtilmektedir. Toprak nemi %10’un altina diistiigii ilkbaharn sonlari ile kurak yaz aylarinda
topraktan ¢ikan CO: miktar1 azalmaktadir. Toprak nemi %7.68 ve %13.3 oldugu yaz aylarinda toprak CO:
emisyonu sirastyla 4.68 g CO2 m™ giin ile 12.62 g CO2 m™ giin™!' oldugu saptanmustir. Burada toprak neminin de
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COz emisyonuna olan etkisi ortaya ¢ikmaktadir. Ancak tliim arazi kullanim alanlarinda, toprak CO2 emisyonu
toprak sicakliginin minimum ve toprak su igeriginin maksimum oldugu kis aylarinda en diisiik oranlardadir.

4. Sonug¢

Her ne kadar sicaklik 6nemli bir faktdr olsa da toprak neminden bagimsiz diisiiniilemez. Onun i¢in yapilan
degerlendirmelerde mutlaka bunlar arasindaki korelasyonlar da dikkate alinmalidir. Ozellikle kurak ve yar1 kurak
bolgelerde yaz donemlerinde toprak nemi diisiik olmakta ve sicaklik yiiksek seviyelerde seyretmektedir. Kurak
donemler yetersiz nem sebebi ile mikrobiyal aktivite diigiik olmaktadir.

Kurak ve yar1 kurak iklim bolgelerinde topraklarda COz emisyonunun mevsimsel degisimi iklim
parametrelerinden sicaklik ve nem faktorlerine baglidir. Bu ¢aligmada topraktan CO2 emisyonu iizerinde toprak
sicakhiginin etkisi toprak neminin etkisinden daha fazla saptanmustir. iklim, toprak organik madde igerigi, tekstiir
ve bitki besin maddeleri mikrobiyal aktiviteyi etkiledigi i¢in dogrudan CO: ¢ikisini etkilemektedir.

Kurak ve yar1 kurak iklim bolgelerinde bulunan iglenmemis alanlarda topraktan ¢ikan COz islenmis alanlarda
¢ikan CO2’ten daha fazla olup, yaklasik olarak 1.46 kat1 kadardir. Bu topraklarin karbon depolama potansiyelleri
sinirlt oldugu igin devamli karbon depolayamamaktadir. Bu nedenle mevcut karbon mikrobiyal faaliyet sonucu
ayrismakta ve sonunda CO: ag1ga ¢ikmaktadir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Soya Bitkisinin Verim Parametreleri ile Baz1 Kimyasal Toprak Ozellikleri Arasindaki
Pedotransfer Modellerin Uygulanabilirligi

Applicability of Pedotransfer Models between Yield Parameters and Some Chemical Soil
Properties of SoybeanPlant

Nalan KARS', imanverdi EKBERLI*

Oz

Bu caligmanin amaci, Carsamba Ovasinda yetistirilen soya bitkisinin verim parametreleriyle (bitki boyu, bin tane
agirhigl ve tane verimi) topraklarin bazi kimyasal 6zellikleri arasindaki korelasyon iliskilerine dayanarak, bu
ozellikler arasinda pedotransfer modellerin olusturulmas: ve elde edilen modellerin ova topraklarinda bitki
veriminin tahmininde uygulanabilirliginin belirlenmesidir. Bu amagla, ovanin giftciler tarafindan soya tarimi
yapilan arazilerinden rastgele 6rnekleme metodu ile alinan 40 toprak ve bitki 6rneklerinde analizler yapilmistir.
Soya bitkisinin bitki boyu, bin tane agirlig1 ve tane verimi degerleri sirasiyla; 88.33-127.27 cm, 164.10-242.91 g
ve 280.32-593.16 kg da’!' arasinda degismistir. Soya bitki boyu degeriyle bin tane agirlig1 arasinda 6nemli pozitif
(0.476%*); bitki boyu ile topraklardaki bakir (Cu) miktar1 arasinda ise ¢ok onemli pozitif iligkiler (0.484%%)
belirlenmistir. Soya tane verimi degeri ile topraklardaki potasyum (K) ve fosfor (P) miktarlar1 arasinda 6nemli
pozitif iligkiler (0.384* ve 0.382%) saptanmustir. Bitki boyu ile azot (N), P, K, organik madde (OM), katyon
degisim kapasitesi (KDK), elektriksel iletkenlik (EC), Cu), kire¢ (CaCOs3) parametreleri arasindaki pedotransfer
modeli istatistiksel olarak anlamli (p=0.078), belirleme katsayis1 (R= 0.721) yiiksek; bin tane agirligi ile EC, OM,
KDK, kalsiyum+magnezyum (Cat+Mg), N, P, K, CaCOs, sodyum (Na), Cu, ¢inko (Zn) parametreleri arasindaki
model istatistiksel olarak anlamli farklilik saptanmamus, belirleme katsayis1 (R=0.664) yiiksek; tane verimi ile EC,
CaCOs, OM, N, P, K, Zn, Mn parametreleri arasindaki modelin performansi ¢ok yiiksek (R= 0.921; p= 0.000)
olarak belirlenmistir. Verim parametreleri ile topraklarin kimyasal 6zellikleri arasindaki pedotransfer modellerin
gecerliliginin belirlenmesinde belirleme katsayisi (R), hata kareler ortalamasinin karekokii (HKOK), uygunluk
indeksi (d), modelin etkinligi (ME) birlikte degerlendirilmistir. Deneysel verilere gore elde edilen pedotransfer
modellerin gecerliliklerinin belirlenmesinde, modellerin olusturulmasinda kullanilan degerler disindaki verilerden
kullanilmustir. Elde edilen pedotransfer modellerin, ova topraklarinda yetistirilen soya bitkisinin verim
parametrelerinin tahmin edilmesinde uygulanabilirligi miimkiin goziikmektedir.
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Abstract

The aim of this study was to develop pedotransfer models on the basis of correlation between yield parameters of
soybean (plant height, thousand seed weight, and seed yield) and some chemical characteristics of soils and to
determine applicability of obtained models in estimation of plant yield grown in soils of Carsamba Plain. For this
purpose, 40 soil and plant samples taken from the fields of the plain where soybean cultivation is carried out by
the farmers were analyzed by random sampling method. The values of the yield indices of soybean plant, namely
PH, TSW and SY varied between 172.33-351.22 cm, 167.54-450.75 g and 833.58-1584.37 kg da’! respectively.
There was a significant correlation (0.476*) between PH value of soybean plant and TSW, as well as between PH
value and copper (Cu) content (0.484*%*) of the soil. A significant positive correlation (0.384* ve 0.382%) was
found seed yield value and potassium (K) and phosphorus (P) contents of the soil. Pedotransfer models between
soybean plant height and soil properties of nitrogen (N), P, K, organic matter (OM), electrical conductivity (EC),
cation exchange capacity (CEC), Cu, lime (CaCO3) high coefficient determination (R=0.721) and was significant
(p=0.078); Model between thousand seed weight and EC, OM, BD, calcium+ magnesium (CatMg), N, P, K,
CaCO:s, sodium (Na), Cu, zinc (Zn), resulted in R=0.664 and was insignificant; and model between seed yield and
EC, CaCOs, OM, N, P, K, Zn, Mn yielded R= 0.921 and it was highly significant (p= 0.000). Determination
coefficient (R), root mean square error (RMSE), index of agreement (d), model efficiency (ME) were evaluated
together to determine the validity of regression models. In determining the validity of the pedotransfer models
obtained according to the experimental data, the data except the values used in the creation of the models were
used. In general, statistical parameters were within validity limits. The results suggested that the developed
regression models can be applied in the estimation of yield parameters in soybean grown in study area.

Keywords: Chemical properties of soils, Yield, Plant height, Thousand seed weight, Pedotransfer models

495



. Kars & Ekberli
Soya Bitkisinin Verim Parametreleri ile Baz1 Kimyasal Toprak Ozellikleri Arasindaki Pedotransfer Modellerin Uygulanabilirligi

1. Giris

Tarimsal iiretimde birim alandan daha fazla iiriin almak i¢in kullanilan kimyasal giibre, toprak diizenleyicileri,
endiistriyel ve evsel atiklar, kalitesiz sulama sular1 vb. faktorler zamanla topraklarin fiziksel, kimyasal ve biyolojik
ozelliklerinde degismelere sebep olmaktadir. Tarimsal iiretimin siirdiiriilebilir olmasi, iiretimin ana kaynagi olan
topragin korunmasina ve rasyonel kullanilmasina bagl olup, toprak 6zelliklerinin optimum diizeyde degisimiyle
iligkili olmaktadir. Toprak ozelliklerinin degisimine bagli olarak bitki veriminin belirlenmesi ve tahmin
edilmesinde cesitli yontemlerden (tarla ve laboratuvar denemeleri, bilgisayar programlari, teorik ve deneysel
modeller vb.) kullanilmaktadir. Yerel ve bolgesel diizeyde deneysel olarak daha kolay belirlenebilen fiziksel ve
kimyasal toprak 6zelliklerinin birikimi, deneysel modellerin uygulamasinin kolayligi, pedotransfer modellerinin
ekoloji, hidroloji, ¢esitli mithendislik dallarinda oldugu gibi, tarim alanlarinda da yapilmasinin gelisimini
saglamistir.

Topraklarm fiziksel ve kimyasal 6zellikleri toprak olusum siireclerine, verimlilige ve bitki gelisimine 6nemli
diizeyde etki yapmaktadir. Dolayisiyla, topraklarin fiziksel ve kimyasal 6zelliklerinin belirlenmesi verimliligin
korunmasi, tahmin edilmesi ve artirilmasina yonelik yontemlerin olugturulmasinda gereklidir (Bayrakl ve ark.,
1999; Taban ve ark., 2004; Ekberli ve Dengiz, 2016; 2017; Kars ve Ekberli, 2019). Toprak biliminde toprak
ozelliklerine ait yeterli diizeyde degerlerin birikimine paralel olarak, pedotransfer modellerin (regresyon
modellerin) amaca uygun olarak kullanimi ortaya ¢ikmistir. Bu modellerin yardimiyla, karsilikli etkilesmede olan
Ozelliklerin bir biriyle matematiksel ifadesi; temel toprak oOzelliklerine bagli olarak diger ozelliklerin
belirlenmesine imkan saglamaktadir. Pedotransfer fonksiyonlar toprak biliminin birgok alaninda (topragin
hidrolik iletkenliginin ve infiltrasyon katsayisinin, hava-su gibi diger transfer katsayilarinin; bitki verimi ve kalite
parametrelerinin topragin elektriksel iletkenligi ile iligkisinin; bitkinin farkli gelisme donemlerinde kurakligin
verim ve verim unsurlarina etkisinin belirlenmesinde; toprak mekaniginde; topraklarin fosfat rejiminin tahmini
icin sorpsiyon ve desorpsiyon egrisinin hesaplanmasinda) yaygin olarak kullanilmaktadir (McBride ve Joosse,
1996; Shein ve Arkhangelskaya, 2006; Huang ve ark., 2014; Giilser ve Candemir, 2014; Dorsey ve Hardy, 2018;
Oztiirk ve Korkut, 2018; Yegiil ve ark., 2019).

Soya fasulyesi (Glycine max L. Merill.) tanesinde bulunan ortalama %18-20 yag, %40 protein, %30
karbonhidrat, %5 mineral madde (Ca, Fe, Zn) ve ¢ok sayida vitamin (A, B1, B2, C, D, E ve K) ile bitkisel yag
sanayisi ve gida endiistrisinin, kiispesi ile de hayvan beslenmesinin énemli bir ham maddesidir (Arioglu, 2000;
Unakitan ve Aydin, 2012.). Karadeniz bolgesinin en O6nemli tarimsal potansiyeline sahip olan Cargsamba
Ovast’'nda, soya bitkisinin ekim alan1 659 ha, iiretimi 2796 ton ve verimi ise 424 kg da’"’dir (Anonim, 2016).
Topraklarm fiziksel, kimyasal, biyolojik 6zellikleri, iklim kosullari, toprak isleme yontemleri, tohum cesidi gibi
faktorler soya bitkisinin verimliligine dnemli diizeyde etki yapmaktadir. Bélgede giftgiler tarafindan yapilan eki

m caligmalarinda gerekli tarimsal uygulamalarin yapilmamasi, toprak yapisinin bozulmasina, topraklarin besin
maddesi yoniinden fakirlesmesine ve dolayisiyla bitkilerde verim diisiikliigiinin meydana gelmesine sebep
olmaktadir. Bu nedenle, ovanin soya yetistirilen topraklarinin fiziksel, kimyasal, biyolojik o&zelliklerinin
dagiliminin belirlenmesi; verim ve toprak o6zellikleri arasindaki pedetransfer modellerin olusturulmasi 6nemli
olup, verimin tahmininde kullanilma olanag1 saglamaktadir.

Pedetransfer modellerin gecerliliginin belirlenmesinde farkli istatiksel parametrelerden kullanilmasi, model
olusturulmasinda dnemli ve gerekli asamalardan biridir. Birgok arastirmaci tarafindan pedetransfer fonksiyonlarin
uygulanabilirligini belirlemek i¢in; hata kareler ortalamasinin karekokii (HKOK), uygunluk indeksi (d),
maksimum nispi hata (MNH), mutlak hata (MH), belirleme katsayisi (R) gibi istatistiksel parametreler
kullanilmistir (Alexandrov ve Hoogenboom, 2000; To ve Kay, 2005; Budka ve ark., 2015; Ghorbani ve ark.,
2015; Cueff ve ark., 2021).

Bu arastirma; Carsamba Ovasi’nda geleneksel toprak isleme yontemiyle soya yetistirilen tarim topraklarmin
baz1 kimyasal 6zellikleri ile soya bitkisinin verim parametreleri arasindaki korelasyon iliskilere dayanarak, bu
ozellikler arasinda pedotransfer modellerin olusturulmas: ve elde edilen modellerin ova topraklarinda bitki
veriminin tahmininde uygulanabilirli§inin belirlenmesi amaciyla yiiriitiilmistiir.
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2. Materyal ve Metot

Aragtirma; 2013-2014 yillarinda Samsun ili Carsamba Ovasi’n1 temsil eden 20 kéyde, ¢iftciler tarafindan tarim
yapilan arazilerden 0-20 cm derinlikten rastgele drnekleme metodu ile Jackson (1962) tarafindan bildirildigi
sekilde her yil igin 20 toprak drnegi alinarak gerceklestirilmistir. Ayni alanlardan bitki drneklerinin alinmasinda
Anonim (2013)’de gosterilen yontem kullanilmistir. Toprak ve bitki 6rneklerinin alindig1 lokasyonlar Sekil 1’de
gosterilmigtir.
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g z
=] =)
x| 2
3 8
g =
&-{Lejant -
T | @ Soya s
I Carsamba ilge Sinin
I Karadeniz
. O — T
[ samsuniili 0 5 10 20 30 40
T T \
35°0'0"E 36°0'0"E 37°0'0"E

Sekil 1. Arastirma alaninin konumu, toprak ve bitki orneklerinin alindig noktalar
Figure 1. Locations where soil and plant samples were taken

Samsun ili sinirlari igerisinde yer alan Carsamba Ovasi, giineyde Canik daglari ile kuzeyde ise Karadeniz ile
sinirt bulunan Yesilirmak’in olusturdugu bir delta ovasidir. Ova 0-50 m kotlan arasinda, 103.766 hektarlik bir
alan1 kapsamaktadir. Carsamba Ovas1 dogu-bati istikametinde 65 km, giiney-kuzey istikametinde ise 35 km
uzunluga sahiptir. Ova taban arazilerinin genel egimleri giiney-kuzey istikametinde olup ortalama egim % 0.1’dir.
Bu egim, deniz kenarina yaklastik¢a % 0-0.02’ye kadar diigmektedir. Yamag arazilerde ise egim, % 2-40 arasinda
degismektedir. Ova; bitki ortiisii yoniinden ¢ok zengin olup, 58921 hektar tarim arazisine sahiptir. Ovada soya
bitkisi 659 hektar alanda yetistirilmektedir. Ova topraklar1 aliiviyal ve kismen de koliiviyal (kestane rengi
topraklar, gri-kestane podzolik topraklar, kahverengi orman topraklar1) karakterdedir (Anonim, 1984). Ovada
yillik toplam yagis miktar1 985.9 mm olup, yillik sicaklik ortalamasi ise 15-17 °C’dir (Turan ve ark., 2018).

Alman toprak orneklerinde toprak reaksiyonu (pH), 1:1 oraninda hazirlanan toprak-su siispansiyonunda cam
elektrotlu pH metre ile (Bayrakli, 1987); elektriksel iletkenlik (EC), 1:1 oraninda hazirlanan toprak-su
siispansiyonunda elektriksel kondaktivite aleti ile (Richards, 1954); kire¢ (CaCQOs), Scheibler kalsimetresiyle
voliimetrik olarak (Kacar, 1994); organik madde (OM), Walkley-Black yas yakma yontemine gore (Kacar, 1994)
ve toplam azot (N) Kjeldahl yas yakma yontemine gore (Kacar, 1994) belirlenmistir. Topraklarin yarayish fosfor
(P) igerigi, mavi renk yontemine gore (Olsen ve ark., 1954); degisebilir potasyum (K) ve sodyum (Na), toprak
orneginin 1 N amonyum asetat (pH= 7.0) ¢ozeltisi ile ekstrakte edilmesiyle, kalsiyum (Ca) ve magnezyum (Mg)
0.01M EDTA titrasyonu ile (Saglam, 1997); katyon degisim kapasitesi (KDK), Bower yontemine gore
(Anonymous, 1954); alinabilir demir (Fe), bakir (Cu), mangan (Mn) ve ¢inko (Zn) icerikleri ise Lindsay ve Norvell
(1978) tarafindan bildirildigi sekli ile (0.005 M DTPA + 0.01 M CaCl: +0.1 M TEA, pH= 7.3) tespit edilmistir.
Soya bitkisinde bitki boyu (BB), bin tane agirligi (BTA) ve tane verimi (TV) dl¢iimleri, Anonim (2013) tarafindan
bildirilen esaslar ¢ergevesinde yapilmistir.
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Toprak ve bitki analiz sonuglarna ait tanimlayict istatistikler ile toprak ozellikleri ve bitki agronomik
parametreleri arasindaki korelasyonlar SPSS 17.0 paket programinda hesaplanmis, agronomik parametreleri ile
toprak 6zellikleri arasinda olusturulan regresyon modeller ise, Minitab 17.0 paket programinda olusturulmustur.

Hata kareler ortalamasinin karekoki (HKOK), uygunluk indeksi (d) ve model etkinligi (ME) sirasiyla
asagidaki esitlikler kullanilarak hesaplanmistir:

n
HKOK = ! ¥ (l,—yi)z (Es.1)
n -

Esitlik 1’de, n-verilerin say1 ve n <30ise m=n-1, n > 30 ise m =n; xl,- olgiilen; V- hesaplanan
i

degerlerdir.
n
S (v )
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d=1- . L= (Es.2)
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Esitlik 2 ve 3’de, y hesaplanan degerlerin ortalamasini ifade etmektedir.

Hata kareler ortalamasiin karekokii (HKOK), tahmin hatalarinin standart sapmasmi ifade etmektedir.
Uygunluk indeksi (d) modelin gecerliliginin bir gostergesi olup, d ’'nin 1’e¢ yakin olmasi modelin
uygulanabilirligini gdstermektedir. Krause ve ark. (2005) tarafindan, deneysel hidrolojik modele ydnelik bir
arastirmada, ME degerlerinin 1 (miikemmel uyum) ile — ooarasinda degistigi gosterilmis; ME nin sifirdan kiigiik
olmasi durumunda ise Olgiilen ortalama degerin, hesaplanan degerden daha etkin oldugu belirtilmistir. d ve
ME’nin analitik ifadelerinin karsilastirilmasindan da goriildiigii gibi, genel olarak d ME’den daha biiyiik degerler

almaktadir (Willmott ve Matsuura, 2005; Willmott ve ark., 2012; Kumar ve ark., 2015).
3. Arastirma Sonuclari ve Tartisma

3.1. Soyanin verim parametreleri

Aragtirma alaninda yetistirilen soyanin bazi verim parametrelerine iligkin tanimlayici istatistikler Tablo 1°de
verilmistir.

Tablo 1. Soyanin bazi verim parametrelerine iliskin bazi tanimlayici istatistikler (n=40)

Table 1. Some descriptive statistics of some yield parameters of soybean plant (n=40)

Ozellikler En disik  En yiiksek Ortalama Standart sapma VK, % Carpiklik
BB, cm 88.33 127.27 103.31 9.91 9.59 1.127
BTA, g 164.10 24291 200.54 17.81 8.88 0.505
TV, kg da’! 280.32 593.16 455.87 81.71 17.92 -0.410

BB: Bitki boyu, BTA: Bin tane agirligi, TV: Tane verimi, VK: Varyasyon katsayisi.

Tablo I’den goriildiigii gibi, soya bitkisinin BB, BTA ve TV degerleri sirasiyla; 88.33-127.27 cm, 164.10-
24291 g ve 280.32-593.16 kg da’! arasinda degismekte, ortalama degerleri ise sirasiyla 103.31 ¢cm, 200.54 g ve
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455.87 kg da’! olmaktadir. Goriildiigii gibi, istatistiksel gostergeler gegerli stnirlar (Willmott ve Matsuura, 2005)
dahilinde degismektedir. Bitki boyu ve bin tane agirligina ait standart sapma degerleriyle karsilastirildiginda tane
veriminin standart sapmasinin yiiksek olmasinin nedeni, tane veriminin genis aralikta degisimi olabilir. Varyasyon
katsayis1 (<20) ise verilerin homojen dagilima sahip oldugunu gostermektedir. Carpiklik degerleri ise, sagdan ve
soldan sifira yakin olmakta, dolayisiyla dagilimin genel olarak normale yakin oldugunu gostermektedir.

Soya bitkisi, diinyadaki en dnemli baklagil bitkilerinden biridir. Soyada verim ve verim bilesenlerini etkileyen
en 6nemli faktorlerin baginda gesit secimi ve kullanilan tohumun kalitesi gelmektedir (Yetkin ve Arioglu, 2009).
Soyada bitki boyu; cesit, ekim sikligi, ekim zamani ve yetistirme sartlarina bagl olarak, 30-150 cm arasinda
degisim gostermektedir (Arioglu, 2000). Homer ve ark. (2000), Karadeniz Bolgesinin sahil ve gecit bolgelerine
uygun soya cesitlerini belirlemek ve gelistirmek amaciyla yapmis olduklari bir ¢alismada, bitki boylarmin 72.9
cm ile 128.8 cm arasinda, bin tane agirhigin 157.0 g ile 298.0 g arasinda degistigini bildirmislerdir. Soya verimini
esas olarak tane agirlig1 ve tane sayisi belirlemekte ve tane sayisi birim alandaki bakla sayisina ve bakladaki tane
sayisina bagli olmaktadir (Karagiil ve ark., 2011). Ay (2012) tarafindan, Tiirkiye’de 1slah edilmis yeni soya
(Glycine max. 1. merrill) gesitlerinin Orta Karadeniz Bolgesi kosullarinda verim ve kalite performanslarinin
belirlendigi bir ¢alismada, Terme’de en yiiksek tane veriminin 570.68 kg da’! ile Erensoy ¢esidinde; en diisiik tane
verimin ise 335.50 kg da™! ile Ustiin 1 ¢esidinden elde edildigi bildirilmistir.

3.2. Soya tarimu yapilan topraklarin kimyasal ézelliklerinin degisimi

Ovada soya yetistirilen topraklarin bazi kimyasal oOzelliklerine ait tamimlayici istatistikler 7ablo 2’de
verilmistir.

Tablo 2. Soya bitkisi yetistirilen topraklarin bazi kimyasal ozelliklerine ait bazi tanimlayici istatistikler
Table 2. Some descriptive statistics of some chemical properties of soils grown in soybean plants (n=40)

Ozellikler En diisiik En yiiksek  Ortalama  Standart Sapma VK, % Carpiklik
pH, (1:1) 7.00 8.02 7.72 0.21 2.72 -1.566
EC,dSm'(1:1) 0.40 0.98 0.60 0.14 23.33 0.881
CaCO03,% 0.55 13.45 5.84 4.08 69.86 0.154
OM, % 1.61 5.05 2.89 1.03 35.64 0.724
N, % 0.11 0.30 0.15 0.04 26.66 1.571
P, ppm 1.74 38.26 13.68 10.08 73.68 0.890
K, cmol kg! 0.17 1.17 0.56 0.20 35.71 0.783
Ca+Mg, cmol kg 29.03 94.39 50.52 17.02 308.33 0.692
Na, cmol kg! 0.35 2.46 1.37 0.70 51.09 -0.346
KDK, cmol kg!  30.05 96.96 52.47 17.30 32.97 0.693
Fe, ppm 21.99 60.74 33.85 9.65 28.50 0.858
Mn, ppm 4.95 31.49 11.68 5.27 45.11 2.679
Cu, ppm 2.27 9.37 5.81 1.61 27.71 0.031
Zn, ppm 0.29 1.26 0.58 0.19 32.75 1.503

H: Toprak reaksiyonu; EC: Elektriksel iletkenlik; CaCOs: Kireg; OM: Organik madde; N: Azot; P: Fosfor; K: Potasyum;
Cat+Mg: Kalsiyum+Magnezyum; Na: Sodyum; KDK: Katyon degisim kapasitesi; Fe: Demir; Mn: Mangan; Cu: Bakir; Zn:
Cinko; VK: Varyasyon katsayisi.

Tablo 2’den goriildiigii gibi, soya yetistirilen topraklar genellikle nétr ile hafif alkalin reaksiyonlu, tuzsuz,
kiregsiz ile orta kiregli ve organik madde igerigi orta diizeyde belirlenmistir. Topraklarin azot miktar1 genellikle
orta, fosfor kapsami ¢ogunlukla az ve iyi, potasyum kapsami cogunlukla orta diizeyde saptanmistir. Topraklardaki
KDK miktar1 genellikle yiiksek ve ¢ok yliksek arasainda, sodyum miktar1 orta ile yiiksek arasinda, demir kapsam
cogunlukla orta ile yiiksek arasinda degismekte, mangan kapsami genellikle diisiik diizeyde, bakir kapsami ¢ok
yiiksek, cinko kapsami ¢ogunlukla ¢ok diisiikk diizeyde belirlenmistir. Topraklarin kimyasal 6zelliklerine ait
tanimlayici istatistik degerleri ise genel olarak gilivenirlilik sinirlar1 dahilinde olup, normala yakin dagilim
gostermektedir. Kiiltivasyon islemleri ile organik madde, kireg, giibre ve sentetik toprak diizenleyicilerinin topraga
ilavesi gibi antropojenik etkiler toprak 6zelliklerinin (P, CaCOs, Cat+Mg) genis aralikta degisimine, dolayisiyla
degerlerin heterojen dagilimina ve varyasyon katsayilarinin yiiksek olmasina sebep olabilmektedir.
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3.3. Soya bitkisinin bazi verim parametreleri ile topragin bazi kimyasal ozellikleri arasindaki iliskiler

Soya bitkisinin verim parametreleri ile topragin bazi kimyasal parametrelerine ait korelasyon katsayilari (r)
Tablo 3’te verilmistir.

Tablo 3. Soya bitkisinin bazi verim parametreleri ile topragin kimyasal ozelliklerine iliskin korelasyon matrisi
Table 3. Correlation matrix for some yield parameters of soybean plant and chemical properties of soil

Ozellikler BB, cm BTA, g TV, kg da’!
BB, cm 1

BTA, g 0.476" 1

TV, kg da’! 0.199 0.131 1
pH, (1:1) 0.017 -0.137 0.115
EC,dSm (1:1) 0.194 0.181 0.307
CaCO0s,% 0.266 0.182 -0.070
OM, % 0.059 0.321 0.140
N, % 0.189 0.328 0.336
P, ppm 0.172 0.258 0.382°
K, cmol kg! 0.321 0.142 0.384"
Ca+Mg, cmol kg'! 0.213 0.267 0.004
Na, cmol kg! 0.000 0.389" -0.347
KDK, cmol kg! 0.213 0.280 -0.006
Fe, ppm 0.101 -0.090 -0.004
Mn, ppm -0.339 -0.108 -0.365
Cu, ppm 0.484™ 0.230 0.273
Zn, ppm -0.026 0.275 -0.254

** p< 0.01 hata diizeyinde ¢cok dnemli, * p< 0.05 hata diizeyinde 6nemli

Soya BB degeriyle BTA’1 arasinda 6nemli pozitif (0.476*); BB ile topraklardaki Cu miktar1 arasinda ise ¢ok
onemli pozitif iliskiler (0.484**) belirlenmistir. Ersoy ve Arioglu (1988), bitki boyu ve 1000 tane agirlig1 arasinda
olumsuz bir iliskinin oldugunu bildirmislerdir. Soya bitkisi TV degeri ile topraklardaki K ve P miktarlar1 arasinda
onemli pozitif iliskiler (0.384* ve 0.382*) saptanmustir. Topraklarda fosfor noksanliginin verim iizerinde 6nemli
bir etkisi oldugu arastirmacilar tarafindan bildirilmistir (Chien ve Menon 1995; Fageria ve ark., 2013a; Moreira
ve ark., 2017). Soya bitkisi BTA’1 ve topraklarin Na igerigi arasinda énemli pozitif iligski (0.389%*) belirlenmistir.
Soya bitkisinin verim parametreleriyle, topraklarin diger kimyasal parametreleri arasinda ise istatistiksel agidan
onemli bir iliski saptanmamistir. Soya bitkisinin tane verimi {izerine, bakla sayis1 dogrudan etkiye sahip olmakta;
tane verimi ve 100 tane agirligr arasinda 6nemli derecede yiiksek ve pozitif iliski bulunmaktadir (Rajput ve ark.,
1987). Cetin (2010), soya bitkisinin verim ve bazi kalite dzelliklerine ait bir arastirmada, fosforun bitki boyu
tizerine etkisini énemli bulurken, bin tane agirlif1 iizerine etkisini ise dnemsiz bulmustur. Arslanoglu ve ark.
(2005), Karadeniz Bolgesi’nde 2 yil siireyle yiiriittiikleri farkli farkli olgunlasma siiresine sahip soya ¢esitlerinin
verim potansiyellerinin belirlendigi arastirmada; dekara verim ile bitki boyu arasinda pozitif 6nemli iligki
bulmuslardir. Tayyar ve Giil (2007) tarafindan yapilan bir arastirmada, iki yillik deneme sonuglarina gére verim
ile bitki boyu arasinda (r=0.30%%*) pozitif 6nemli bir iligki saptanmistir

3.4. Soyanin verim parametreleri ile topraklarin bazi kimyasal dzellikleri arasindaki pedotransfer modeller

Soya bitki boyu, bin tane agirlig1 ve tane verimi ile topraklarin baz1 kimyasal 6zellikleri arasindaki pedotransfer
modeller Tablo 4’de verilmistir. Pedotransfer modellerinin olusturulmasinda verim parametreleri ile topraklarin
bazi kimyasal dzelliklerine iliskin korelasyon analiz sonuglar1 (7ablo 3) dikkate alinmistir.

Soya bitki boyu ile topraklarin bazi kimyasal 6zellikleri arasindaki (1)-(3) pedotransfer modellerinden (7ablo
4) goriildigii gibi, regresyon katsayilar1 0.539 ile 0.721; F degerleri 2.17 ile 3.38; p degerleri ise 0.026 ile 0.083
arasinda degismektedir. F degeri etkilesim ve ana etkenlerin anlamli olup olmadigini belirlemek i¢in yapilmakta,
p degeri azaldik¢a F’nin degeri artmaktadir. CaCO3;, OM, KDK, Cu, N, P, K parametrelerini ve bu parametre
degerlerinin karesini, ¢arpimini, karekokiinii de kapsayan 3. modelde belirleme katsayisi en yiiksek (R=0.721);
KDK, EC, CaCOs, OM igeren 1. modelde ise en diisiik (R=0.539) saptanmustir. p degerlerine gore her iki modelde
istatistiksel olarak anlamlilik (p<0.10) egilimi dahilinde bulunmustur. BTA ile topraklarin bazi kimyasal
Ozellikleri arasindaki modellerin regresyon katsayilart 0.538 ile 0.664 arasinda degismektedir. Soya bin tane
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agirhig ile topraklarin bazi kimyasal 6zellikleri arasinda istatistiksel olarak anlamli farklilik saptanmamasina
ragmen, 6. modelde belirleme katsayis1 (R=0.664) yiiksek diizeyde saptanmistir. Elde edilen regresyon
iligkilerinde toprak o&zelliklerinin farkli bigimlerde nicel olarak dahil edilmesi modellerin performansini
yiikseltmistir.

Tablo 4. Soya bitki boyu, bin tane agirlig1 ve tane verimi ile topraklarin bazi kimyasal ozellikleri arasindaki
pedotransfer modeller
Table 4. Pedotransfer models between soybean plant height, thousand seed weight, seed yield and some
chemical characteristics of soils

Modeller R F p
1. BB=78.5+0.383 KDK + 13.8 EC + 1.20 CaCOs - 3.69 OM 0.539 2.36 0.083
BB =213 -0.665 ./KDK x EC x OM - 636 /N + 798 N+ 3.68 Cu 0.608 3.38 0.026

3. BB=228+937N-0.077P+133K+0.15 JKDK x EC x OM + 1.63 Cu
+0.0443 (CaCO3)* + 0.00238 (KDK)? - 0.766 (OM)? - 743 \/n/

4. BTA =184 + 58.3 EC - 43.4 OM + 0.693 KDK - 0.241 (KDKXEC*xOM)
+7.63 Na+ 105N + 7.35 (OM)?

5. BTA =536 +0.594 KDK + 23.3 EC + 0.77 CaCO3 - 4.3 OM + 1.28 (OM)?
-1780 \/n +2085 N +0.211 P—1.42 Cu - 0.067 (KDKXECxOM)

6. BTA =541 +0.00350 (KDK)? + 12.3 (EC)* + 0.60 (OM)? - 1741 /v
+2020 N - 1.85 Cu - 0.43 Na+ 19.3 Zn +0.111 (CaCO3)>?

. TV=270-437O0M+85EC+ 1158 N+229P+829K 0.609 2.60 0.054

8. TV=331-4290M-37EC-6.21 CaCOs3+ 1472 N+145P+ 168K
+13.4Cu-2377Zn+1.91 Mn

9. TV=875-1019 EC-16.1 CaCO3-397 OM + 2595 N+ 14.6 P+ 754 K
+57.7 (OM)? + 790 (EC)? + 0.339 (CaCO3)? - 185 Zn + 6.09 Mn 0921 7.05 0.000

-402 (N < PxK)

0.721 2.17 0.078

0.538 1.17 0.364

0.601 0.96 0.509

0.664 1.58 0.195

0.776  3.03 0.022

BB: Soya bitki boyu, cm; BTA: Soya bin tane agirhigi, g; TV: Soya tane verimi, kg da”! ; EC: Elektriksel iletkenlik, dS m™;
KDK: Katyon degisim kapasitesi, cmol kg!; OM: Organik madde, %; N: Azot, %; P: Fosfor, ppm; K: Potasyum, cmol kg™!;
Cu: Bakir, ppm; CaCOs: Kireg, %; Na: Sodyum, cmol kg'! ; Mn: Mangan, ppm; Zn: Cinko, ppm.

Yapilan arastirmalar, pedotransfer modellerinin toprak 6zelliklerinin karesi, karekokii ve carpimini kapsayan
polinomlarla ifadesinin, belirleme katsayisini, dolayisiyla tahminin 6nem diizeyini yiikselttigini gdstermektedir
(Kosheleva ve ark., 2002; Giilser ve Candemir, 2014; Kars ve Ekberli, 2020). Soya tane verimi ile topraklarin EC,
OM, CaCO:s, N, P, K, Cu, Zn gibi kimyasal 6zellikleri arasinda olusturulan pedotransfer modellerinde regresyon
katsayilar1 0.609 ile 0.921; F degerleri 2.60 ile 7.05 arasinda, p degerleri ise 0.000 ile 0.054 arasindadir (7ablo 4).
En yiiksek belirleme katsayist (R=0.921) 9. model olup ¢ok yiiksek istatistiksel anlamlilik (p<0.001) diizeyinde
bulunmustur. Murty (2002) yaptig1 bir arastirmada, meteorolojik parametreler ile soya bitkisinin bitki boyu, 100
tane agirligl ve tane verimi arasinda pedotransfer modelleri olusturmustur. Arastirmaci, bitki boyu, 100 tane
agirh@ ve tane verim modelleri igin goklu regresyon katsay1 (R?) degerlerini sirasiyla 0.97; 0.93; 0.93 olarak
saptamistir. Ovando ve ark. (2018) soyada tane verimini tahmin etmek i¢in; solar radyosyon ve yagis degerleri ile
topraklarin kimyasal ve fiziksel 6zelliklerini kullanarak pedotransfer modelleri olusturmuslar ve en yiiksek
belirleme katsay1 (R?) degerini 0.849 olarak hesaplarmglardir. Fageria ve ark. (2013b) tarafindan, kirecin soya
verimi ve verim unsurlar iizerine yaptiklar1 bir aragtirmada, verim ile topragin kimyasal 6zellikleri arasindaki
iligkilerin belirlenmesinde Y=f(x) bigiminde ikinci dereceden regresyon denklemlerinden kullanilmis, belirleme
katsayilarini 0.863 ile 0.522 arasinda degistigini ve %1 olasilik diizeyinde anlamli bulunmustur.

3.5. Verim Parametreleri ile Toprak Ozellikleri Arasinda Olusturulan Pedotransfer Modellerin
Gecerlilikleri

Deneysel verilere gore elde edilen pedotransfer modellerin gecerliliklerinin belirlenmesinde, modellerin
olusturulmasinda kullanilan degerler disindaki veya veri bankasindaki degerlerden kullanilmas1 gerekmektedir
(Wang ve ark., 2016). Soya bitkisinin BB, BTA ve TV ile topraklarin bazi kimyasal &zellikleri arasindaki
pedotransfer modellerinin gegerliliginin belirlenmesine ait istatistiksel parametreler Tablo 5’°te verilmistir.
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Tablo 5. Soya bitki boyu (BB), bin tane agirhigr (BTA) ve tane verimine (TV) ait pedotransfer modellerin bazi
istatistiksel parametreleri

Table 5. Some statistical parameters of pedotransfer models of maize plant height, thousand seed weight and

seed yield
Modeller (No) R HKOK d ME
BB (3) 0.721 6.627 0.984 -0.167
BTA (6) 0.664 6.845 0.995 0.648
TV (9) 0.921 34.201 0.997 0.794

BB: Bitki boyu, BTA: Bin tane agirligi, TV: Tane verimi, R: Belirleme katsayisi, HKOK: Hata kareler
ortalamasinin karekokii, d: Uygunluk indeksi, ME: Modelin etkinligi.

Tablo 5’ten goriildiigii gibi, modelin uygunluk indeksi (d) 1’e yakin, modelin etkinligi 1’den biiyiik olmakta,
hata kareler ortalamasini karekdkil ise yliksek olmamakta, ayn1 zamanda d degerleri ME’den biiyiik olmaktadir.
Bu nedenle, pedotransfer modellerine ait istatistiksel gostergeler genel olarak, gecerlilik sinirlar1 dahilinde
degismektedir (Krause ve ark., 2005; Wang ve ark., 2016). Sentelhas ve ark. (2015) tarafindan Brazilya’nin her
bir bdlgesindeki soya tane verim tahmini i¢in olusturulan modelin d degeri 0.87 olarak belirlenmistir. Ovado ve
ark. (2018) Arjantin soya yetistirilen topraklarinda 2006-2016 yillar arasinda yiiriittiikleri caligmalarinda, iklim
verilerine bagli olarak soya verimi tahmini igin kulladiklar1 modelde belirleme katsayisini 0.849 olarak
saptamislardir. Kumar ve ark. (2008) tarafindan yapilan bir arastirmada, farkli 3 gesit soya bitkisinin tane
verimlerinin tahmini igin kullandiklar1 modele ait HKOK degerlerini sirasiyla 86.0 kg ha'', 123.9 kg ha'!; 28.6 kg
ha'! olarak hesaplanmislardir.

Pedotransfer modellerin yapilmasindaki bazi sinirlamalara ragmen, modelin yapilmasinin ve uygulamasinin
kolay olmasi aragtirmacilar i¢in avantaj saglamakta (Tamari ve ark., 1996; Schaap ve ark., 2001) ve ayn1 zamanda
modellerinin toprak 6zelliklerine, cevresel degiskenlere bagli olarak toprak dzelliklerinin mekansal degisimine
dayanan siniflandirmasi da s6z konusu olmaktadir (Minasny ve McBratney, 2008).

Soya bitki boyu, bin tane agirligi, tane veriminin iigiincii modele gore hesaplanan ve 6lgiilen degerlerin
karsilastirilmas1 Sekil 2°de verilmistir. Soya BB, BTA, TV ile topraklarin kimyasal 6zellikleri arasindaki
pedotransfer modellere gére hesaplanan ve dlciilen degerler arasindaki korelasyon degerleri sirasiyla 0.762, 0.802
ve 0.753 olup, 0.01 diizeyinde istatistiksel olarak anlamli bulunmustur.

Saylan (1996) tarafindan soya bitkisinin gelisimi ve veriminin tahmin edilmesine ait yapilan bir modelleme
arastirilmasinda, hesaplanan verimin gercek verimden %14.6 diizeyinde daha yiiksek oldugu saptanmustir.
Aragtirici, bu farkliligin, modelin deneme alanina gére diizenlenmemesinden kaynaklanabilecegini bildirmistir.
Bhatia ve ark. (2008), soya yetistirilen alanlardan alinan 21 adet toprak érneklerinde yaptiklari analiz sonuglarina
bagli olarak, soya bitkisinin verimini tahmin etmek igin kullandiklar1 modelde, soya verimini 2170 kg ha!, bu
alanlardaki gergek verim ortalamasinin 1000 kg ha! oldugunu bildirmislerdir. Su sinirlamasi varsayiminda model
yardimiyla hesaplanan soya verimi ile ciftcilerin elde ettigi gergek verim degerleri arasindaki farkin, {irliniin
yetistigi mevsimdeki yagis miktar1 diisiik oldugunda azaldigini, yagis miktar1 artifinda ise onemli derecede
arttigini bildirmislerdir.
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Sekil 2. Soya bitki boyu (A), bin tane agirlig1 (B), tane veriminin (C) hesaplanan ve ol¢iilen degerler
arasindaki iliski

Figure 2. The relationship between calculated and measured plant height (A), thousand seed weight (B), seed
yield (C)

4. Sonug¢

Topraklarin fiziksel, kimyasal ve biyolojik 6zelliklerinin degisimi, bitki verimine dnemli diizeyde etki yapan
faktorlerden biridir. Carsamba Ovasinda geleneksel toprak isleme yontemleriyle ana iiriin olarak soya bitkisi
yetistirilen tarim alanlarinin bazi kimyasal 6zellikleri ve soya bitkisinin verim parametreleri belirlenmis; bu
ozellikler arasindaki korelasyon iligkiler saptanmis ve bitkilerin bazi verim unsurlari ile topraklarin bazi kimyasal
ozellikleri arasinda pedotransfer modelleri olusturulmustur. Olusturulan pedotransfer modellerin toprak 6zellikleri
degerlerinin ¢arpimini, karesini ve karekokiinii iceren cok terimli ile ifade edilmesi, belirleme katsayisinin
yiikselmesine ekti yapan faktordiir. Olgiilen ve pedotransfer modellerine gore hesaplanan verim parametrelerinin
karsilagtirilmasi; elde edilen pedotransfer modellerin aragtirma bolgesinin soya yetistirilen topraklarinda verim
parametrelerinin tahmini i¢in uygulanabilirligini gdstermistir. Soya bitkisinin tane verimi ile topragin CaCOs, OM,
N, P, K, (OM)?, (EC)?, (CaCO3)?, Zn, Mn, JN<P<K) parametreleri arasindaki model en yiiksek performansa

sahip olmaktadir. Bu modellerin daha yiiksek diizeydeki basarisi, soya bitkisinin optimum verim seviyesine sahip
oldugu alanlarda yapilacak ¢alismalara baglidir. Tarimsal ve ¢evresel faktorleri ile daha ¢ok sayida toprak ve bitki
verilerinin modellere dahil edilmesiyle tahmin sonuglarinin daha iyi olabilecegi diisiiniilmektedir. Pedotransfer
modellerin olusturulmasinin ve uygulanmasinin kolayligi dikkate alinarak, yerel ve bolgesel diizeyde gesitli

503



. Kars & Ekberli
Soya Bitkisinin Verim Parametreleri ile Baz1 Kimyasal Toprak Ozellikleri Arasindaki Pedotransfer Modellerin Uygulanabilirligi

bitkiler i¢in farkli modellerin yapilabilmesi i¢in, toprak 6zelliklerine ve bitkilerin verim unsurlarina ait veri
bankasmin olusturulmasi gereklidir. Modelin uygulanabilirliginin belirlenmesinde toprak ve iklim kosullarinin
benzer oldugu c¢aligma alanlarinin toprak ve bitki verilerinden kullanilmas1 gerekmektedir. Kiiltivasyon
islemlerinin diizenli yapilmamasi, iklim kosullarinin degisimi, toprak 6zelliklerinin ve iiriin miktarinin optimum
diizeyde olmamasi gibi faktorler, hesaplanan ve 6lgiilen verim degerleri arasindaki farkliliklarin ortaya ¢ikmasina,
dolayisiyla da pratikte uygulanabilir modellerin yapilmamasina neden olabilmektedir. Modellerin kalibrasyonu
icin, modellerin yapildig1 bolgedeki diger verim parametrelerin dl¢iim degerlerinin kullanilmas1 gerekmektedir.
Pedotransfer modellerin gelistirilmesi toprak bilgi sistemlerinin ayrilmaz bir pargasi olacaktir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Kisintihh Sulama Kosullarinda Yetistirilen Kivircik Marulda Bitki Kok Bolgesindeki
Tuzluluk Birikimi

Salinity Accumulation in the Root Area of the Curly Lettuce Grown in Deficit Irrigation
Conditions

Harun KAMAN", Halil DEMIR?, flker SONMEZ?, Ersin POLAT?,

Salahudin Saed MOHAMOUD?, Zafer UCOK®

Oz

Bu ¢alismada, kivircik marul bitkisi i¢in sulama sezonu baslangicina kiyasla sulama sezonu bitiminde meydana
gelen kok bolgesi icindeki tuz birikimi durumu arastirilmistir. 2018 yili ilkbahar yetisme doneminde yay ¢atili
plastik ortiilii bir serada yiiriitiilen caligmada, bitki materyali olarak Campania kivircik marul (Lactuca sativa var.
crispa) cesidi kullanilmistir. Arastirmada, bitki kdk bolgesinin her iki tarafinin 1slatildigi geleneksel sulama
(GS125, GS100, GS75, GS50) ile birlikte ardisik yari 1slatmali sulama (AYIS125, AYIS100, AYIS75, AYIS50)
uygulamalar ele alinmistir. Ardisik yar1 1slatmali sulama (AYIS) uygulamasinda, sirasiyla takip eden sulamalarda
1slak ve kuru kisimlar yer degistirilmistir. Diger bir ifadeyle, AYIS uygulamasinda, sulamalar sirasinda bitki kok
bdlgesinin bir yarisi gorece olarak 1slatilirken geriye kalan diger yarisi gorece olarak kuru birakilmis ve bir sonraki
sulamada 1slak ve kuru birakilan kisimlar yer degistirilmistir. Bitki kok bolgesi tuzluluk birikimini belirlemek i¢in
sulama sezonu baslangicinda {i¢ yinelemeli olarak araziyi temsil edecek sekilde 0-10, 10-20 ve 20-30 cm
derinliklerden toprak drnegi alinmistir. Benzer bir sekilde, sulama sezonu bitiminde de, yine ii¢ yinelemeli olarak,
her sulama uygulamas altinda bitki kok bolgesinden toprak drnekleri alinmistir. Geleneksel yontem kullanilarak,
laboratuvarda toprak orneklerinden ¢amur siiziikleri elde edilmis ve tuzluluk dl¢limleri yapilmistir. En diisiik
tuzluluk degeri GS100 uygulamasinda 0.49 dS m™! olarak dlgiiliirken, en yiiksek tuzluluk degeri ise 1.40 0.49 dS
m! olarak GS125 uygulamasinda kaydedilmistir. Genel olarak, sezon sonunda en yiiksek tuzluluk artis1 ilk katman
(0-10 cm) igin %48, ikinci katman (10-20 c¢cm) igin %34 ve iigiincii katman (20-30 cm) igin %45 olarak GS125
sulama uygulamasinda hesaplanmistir. Bu artis oranlari dikkate alinmasi gereken degerlerdir. Sonug olarak,
stirdiiriilebilir bir sulu tarim i¢in yetisme sezonunda iyi bir drenaj sistemi vasitasiyla, topraktaki tuz birikiminin
etkin bir yikama islemiyle giderilmesi 6nerilmektedir.
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Abstract

Salt accumulation in the root zone at the end of the irrigation season compared to the beginning of the irrigation
season was investigated for curly lettuce plants in this study. The study was conducted in a spring-roofed plastic-
covered greenhouse in a spring growing season in 2018 and the Campania curly lettuce (Lactuca sativa var. crispa)
variety was used as the plant material. The conventional drip irrigation (GS125, GS100, GS75 and GS50) and
partial root drying technique (AYIS125, AYIS100, AYIS75 and AYIS50) applications were investigated in the
study. In the alternate partial root drying technique (APRD) application, the wet and dry parts were replaced in the
following irrigations, respectively. In other words, in APRD application, while one half of the plant root area was
wetted relatively during irrigation, the remaining half was left relatively dry and the parts left wet and dry in the
next irrigation were replaced. In order to determine the salinity accumulation in the plant root zone, soil samples
were taken from 0-10, 10-20 and 20-30 cm depths to represent the soil in three replicates at the beginning of the
irrigation season. Similarly, at the end of the irrigation season, soil samples were taken from the plant root area in
three replicates under each irrigation application. Mud strainers were obtained from soil samples using the
traditional method in the laboratory and salinity measurements were made. While the lowest salinity value was
measured as 0.49 dS m™!' in GS100 application, the highest salinity value was recorded as 1.40 dS m™! in GS125
application. In general, the highest salinity increase at the end of the season was calculated in GS125 irrigation
application as 48% for the first layer (0-10 cm), 34% for the second layer (10-20 cm) and 45% for the third layer
(20-30 cm). These increase rates are values that should be taken into account. As a result, it is recommended to
remove the salt accumulation in the soil by an effective washing process through a good drainage system end of
the growing season for a sustainable irrigated agriculture.

Keywords: Lettuce, Deficit irrigation, Partial root drying Technique, Salt accumulation, Drainage, Leaching
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1. Giris

Salata ve marullarin anavatani ve Diinya {lizerinde yayilisi ile ilgili degisik goriisler bulunmaktadir. Anadolu,
Kafkasya, iran ve Tiirkistan anavatani olarak kabul edilmektedir. Marullar Tiirkiye’de agikta ve drtiialtinda yil
boyu yetistirilebilen sebze tiirleri arasindadir (Salk ve ark., 2008). Diinya marul iiretimi 2018 yilinda 27.3 milyon
ton olarak gerceklesmis, lider iilke olarak Cin bu iiretimin yaklasik 15.5 milyon tonunu karsilamaktadir. Cin'de
tiretilen marulun biiyiik bir kismi i¢ tiiketimde kullanilmaktadir. Diinyanin en biiyiik marul ihracatcilar ise
sirastyla Ispanya ve ABD’dir. Diinyanin degisik cografyalarinda 1900°lii yillarin bagindan beri genis dlgekte
iiretilmeye baslanmistir (Anonymous, 2017; Anonymous, 2018). Tiirkiye’de 2019 yilinda toplam 499766 ton
marul liretimi gergeklestirilmis, bunun 198491 tonunu kivircik, 215725 tonunu gébekli ve 84160 tonunu ise bas
salata (Iceberg) tipi marullar olusturmustur (Anonim, 2019). Marullar suyu ¢ok seven bitki grubu oldugundan
topraktaki su eksikligine son derece hassastir. Iklim degisikligi nedeniyle sicakliklarin artmasi ve su kaynaklarinin
azalmasi nedeniyle suya olan ihtiyacin da dnemli 6l¢lide artmasi beklenmektedir. Ayni zamanda niifus artis1 ve
endiistriyel gelisme ile birlikte su stresi ¢cok 6nemli hale gelecek, dolayisiyla bu durum, tarimdaki su kullaniminin
azaltilmasin1 zorunlu hale getirecektir (Kanber ve ark., 2010). Su stresi bir iiriiniin bilylime ve gelismesini ciddi
sekilde smirlayan faktorlerden birisidir (Imanishi ve ark., 2007). Kurakligin bitki gelisimine olumsuz etkilerini en
aza indirgemek icin sulama 6nemlidir. Ancak kuraklik, tuzluluk, besin dengesizligi ve ekstrem sicakliklar bitkisel
verimi sinirlandiran ana ¢evresel faktorlerdir. Sulama, tarimsal iiretimde kuraklik riski etkisinin azaltmasinda
onemli rol oynamaktadir. Bu nedenle, sulama yalnizca tarimsal iiretim i¢in degil ayn1 zamanda gida giivenliginin
saglanmasi agisindan da dnem tagimaktadir.

Bitkisel iiretimde sulama uygulamas, iiretimde artis saglayan 6nemli bir girdidir (Istanbulluoglu ve ark., 2006).
Ancak, yanlis sulama uygulamalar1 tuzluluk vb sorunlar1 ortaya ¢ikarmaktadir. Genel olarak, sulanan alanlarda
yiiksek ve tuzlu taban suyu problemi meydana gelebilmektedir (Konukcu ve Akbuga, 2006). Suyun kit ve pahali
oldugu bolgelerde kisintili sulama ile mevsim i¢i sulamalarda optimum {riinii saglamak kosuluyla gerekenden
daha az su uygulayarak daha fazla tarim alaninin sulanmasi amaclanmaktadir. Kismtili sulama uygulamasi genel
olarak bitkilerin su eksikligine dayanikli (direngli) donemlerinde yapilmaktadir. Geleneksel kisintili sulama
uygulamasi altinda su kullaniminin azaltilmasi miimkiin olabilmekte; ancak, meyve verimi ve kalitesinde 6nemli
oranda diigmeler olmaktadir (Kirda ve Baytorun, 2000). Diger bir kisintili sulama uygulamasi da yar 1slatmali
sulama (YIS) uygulamasidir. YIS uygulamasi ile geleneksel sulamalarda uygulanan su miktari belirli bir oranda
azaltilarak bitki kdklerinin yarisi islatilmakta ve takip eden sulamalarda ise diger yarisina su verilmektedir.
Boylece suyun kit ve pahali oldugu bolgelerde geleneksel kisintili sulamaya benzer sekilde daha az su uygulayarak
mevcut su kaynaklarindan daha etkin sekilde yararlanilmasi amaglanmaktadir (Kang ve ark., 1998). YIS
uygulamasinda bitki kok bolgesinin periyodik olarak yarisinin 1slatilmasiyla, bilinen geleneksel kisintili sulama
yontemine gore su kullanim randimaninin daha yiiksek olabilecegi ifade edilmektedir (Chaffey, 2001).

Bitkisel iiretimde toprak tuzlulugu da verimi 6nemli oranda sinirlandirmaktadir. Bitki kok bolgesinde tuz
yigisimimin artmast sonucu, kok bdlgesi iginde iyon dengesi bozulmakta ve bunun sonucu olarak bitkilerin
beslenme durumu olumsuz etkilenmektedir (Oktiiren Asri ve ark., 2013). Bitki kok bolgesindeki tuzluluk, sulu
tarimin en Onemli sorunlarinin basinda gelmekte ve daha cok, sulama uygulamalarma bagli olarak ortaya
cikmaktadir. Sulama uygulamalarinda yapilan yanlisliklar, az veya fazla su kullanimi sulama suyunun randimanini
azaltmakta ve liretimde diismelere yol agmaktadir. Asir1 sulama, taban suyu artis1 ve dolayistyla toprak tuzluluguna
neden olmaktadir (Cetin ve Kirda, 2003). Tarimda, tuzluluk problemi olan alanlarin miktar1 giderek artmaktadir.
Topraktaki tuz birikiminin sayisal degerine gore bitki veriminde Onemli oranda azalmalar meydana
gelebilmektedir. Bu nedenle, sulama suyu miktar1 ve uygulama bi¢imi hem bitkinin gereksinimini kargilamali,
hem de bitki kok bolgesinde tuz birikimine neden olmamalidir. Bitkisel {iretimde yetigme sezonu baglangicindaki
su ve toprak tuzlulugu bitki gelisimine olumsuz etkisi olmayacak kadar diisiik diizeyde olsa dahi, zamanla toprakta
tuz birikimi olabilmektedir. Ciinkii, bitki kok bolgesine uygulanan sulama suyu azda olsa igerdigi erimis/¢ozliinmiis
madde ve giibre uygulamalari sonucu toprakta tuz birikimine yol agmaktadir. Buna kargin, sulama suyu ve mevsim
baslangic1 toprak tuzluluk degerlerinin diisiik oldugu su-verim iligkileri iizerine yiiriitiilen arastirmalarda, genel
olarak mevsim sonunda muhtemel tuz y1g1siminin arastirilip irdelenmedigi goriilmektedir. Bu baglamda ele alinan
bu ¢aligmada, kivircik marul bitkisi i¢in bir sulama sezonu baglangicina gére sulama sezonu bitiminde meydana
gelen kok bolgesi i¢indeki tuz birikimi durumu arastirilmigtir.
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2. Materyal ve Metot

Arastirma, 2018 Y1li flkbahar Déneminde Akdeniz Universitesi Ziraat Fakiiltesi'nde yer alan 500 m? alana sahip
yay catil1 plastik bir serada yiiriitiilmiistiir. Arastirmanin yiiriitiildiigii alan 36° 54" 00.25 kuzey enlemi ile 30° 38" 49.07
dogu boylaminda olup, denizden yiiksekligi 37 metredir. Arastirma alanini temsilen 0-30 cm derinlikten toprak 6rnegi
alinmustir. Toprak drneklerinde pH (Jackson, 1967), kire¢ (CaCO3) (Evliya, 1964), elektriksel iletkenlik (Anonymous,
1982), biinye (Bouyoucos, 1951), organik madde (Black, 1965), toplam N (Black, 1957), almabilir P (Olsen ve
Sommers, 1982), ekstrakte edilebilir K, Ca ve Mg (Kacar, 1972) ve alinabilir Fe, Zn, Cu ve Mn analizleri (Lindsay ve
Norwell, 1978) yapilmistir. Deneme alani topraginin kimi fiziksel ve kimyasal 6zellikleri Tablo 1’de verilmistir.
Aragtirmanin yiiriitiildigii Subat, Mart ve Nisan aylarinda deneme alaninin minimum (°C), ortalama (°C), maksimum
(°C) sicaklik degerleri ile ortalama nem orani (%) Tablo 2’de goriilebilir.

Tablo 1. Arastirma alanin kimi fiziksel ve kimyasal ézellikleri

Table 1. Some physical and chemical characteristics of the study area

Toprak ozellikleri Birim Deger
pH - 7.58
Kireg % 16.62
EC mS/cm 0.45
Biinye sinfi % Tin
Organik madde % 1.57
Toplam N % 0.077
Almabilir P mg/kg 53.79
Degisebilir K mg/kg 230.1
Degisebilir Ca mg/kg 3318.0
Degisebilir Mg mg/kg 268.8
Almabilir Fe mg/kg 0.906
Alnabilir Mn mg/kg 1.192
Almabilir Zn mg/kg 0.440
Almabilir Cu mg/kg 0.292
Alinabilir Na mg/kg 52.9

Tablo 2. Deneme alaninin subat, mart ve nisan aylarinda minimum, ortalama, maksimum sicakhk
degerleri ile ortalama nem oram

Table 2. Minimum, average, maximum temperature values and average humidity of the study area in
February, March and April

Minimum sicakhk Ortalama sicakhk Maksimum sicaklik Ortalama nem oram
Deneme aylari

O (WY O (%)
Subat 11.7 14.8 19.4 81.0
Mart 12.5 16.1 19.6 65.9
Nisan 16.1 19.6 24.0 59.5

Arastirmada bitkisel materyal olarak Campania kivircik marul (Lactuca sativa var. crispa) gesidi kullanilmistir
(Sekil I). Caligmada kullanilan Campania kivircik marul, biiyiik bas yapisi ve genis adaptasyon yetenegi sayesinde
1liman sahil bdlgelerinde her donem {iretime uygun bir gesittir. Cok geg sapa kalkma 6zelliginin yan sira yaprak rengi
orta-koyu yesil, ortalama bas agirligi 800—-1000 g arasinda degismektedir. Olgunluk siiresi yetistirme donemi ve iklim
kosullaria bagh olarak degismekte, sicak donemlerde 45-50 giin, soguk donemlerde ise 65-85 giindiir. Marul
mildiydsiiniin bazi rklarma ve marul mozaik viriisiine dayaniklidir (Anonim, 2018). Kivircik marul fideleri, 50x40
cm dikim mesafelerine gore seraya dikilmistir. Arastirmada parsel biiyiikliigii 2.4 m? ve 3 yinelemeli olarak kurulmus,
sulama suyu ve giibre fertigasyon seklinde damla sulama sistemiyle uygulanmistir. Arastirmada, bitki kok bdlgesinin
her iki tarafinin 1slatildig1 geleneksel sulama (GS125, GS100, GS75, GS50) ile birlikte ardisik yart 1slatmali sulama
(AYIS125, AYIS100, AYIS75, AYIS50) uygulamalari ele alimmustir. GS125, GS100, GS75 ve GS50 uygulamalarinda
A-Sinifi Buharlagma Kabi’ndaki degere gore sirastyla %125, %100, %75 ve %50 oranlarinda sulama suyu verilmistir.
AYIS125, AYIS100, AYIS75, AYIS50 uygulamalarinda da yine A-Simifi Buhar Kabi’ndaki buharlasmaya gore
sirastyla %125, %100, %75 ve %50 oranlarinda sulama suyu hesaplanmstir. Ancak, ardisik yari 1slatmali sulama
(AYIS) uygulamalarinda, bitki kdk bolgesinin bir yaris1 gorece olarak sulanirken diger yaris1 gorece olarak kuru
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birakilmig ve takip eden sulamalarda 1slak ve kuru kisimlar gorece olarak yer degistirilmistir. Diger bir ifadeyle, AYIS
uygulamalarinda, sulamalar sirasinda bitki kok bolgesinin bir yaris1 gorece olarak 1slatilirken geriye kalan diger yarist
gorece olarak kuru birakilmis ve bir sonraki sulamada 1slak ve kuru birakilan kisimlar yer degistirilmistir. AYIS
uygulamalarinda ¢ift damla sulama lateralleri kullanilmis ve 1slak- kuru kisimlar vanalar araciligiyla kontrol edilmistir.
Parsellere uygulanan sulama suyu miktarlari A—Simifi Buharlasma Kabi’ndan alinan buharlasma ol¢iimleriyle
asagidaki esitlik (Es. 1) kullanilarak hesaplanmustir.

[=KXEpxA (Es. 1)
Esitlikte: I, sulama suyu (litre); K: bitki ortii yiizdesi katsayis1 (6rtii ylizdesi degeri bitki gelisimine bagli olarak 19 Mart

2018’¢ kadar 0.30, daha sonra 0.40 olarak alinmustir.); Ep, A—Smifi Buharlagsma Kabi’ndan 6lgiilen buharlasma (mm);
A, sulanan alan (m?).

Figure 1. Campania curly lettuce variety used in the research

Sekil 1. Arastirmada kullanilan Campania kivircik marul ¢egidi

Aragtirma 2018 yili Subat, Mart ve Nisan aylarinda yiiriitilmistiir. Kivircik marul fideleri 5 Subat 2018 tarihinde
seraya dikilmistir. Tiim uygulamalara 2 Mart 2018 tarihine kadar esit bir sekilde sulamalar yapilmistir. Anilan tarihten
sonra konulu sulama uygulamalarina gecilmistir. Sulama suyu miktar1 kullanilabilir su tutma kapasitesini asmayacak
bir sekilde, yetisme dénemi ortasina dek haftada bir, daha sonra sicakliklarin artmasi ve giinlerin uzamastyla birlikte
haftada iki olacak sekilde sulama uygulamalari planlanmistir.

Aragtirmada kullamlan sulama suyu EC degeri 0.600 dS m™! ve pH degeri ise 7.2’dir. Sulama suyu saf su olmadig1
icin bitkisel iiretimde sulama uygulamalari sonucu bitki kok bolgesinde zamanla tuz birikimi meydana gelebilmektedir.
Ayica, besin elementi olarak giibre uygulamalari da bitki kok bolgesindeki tuz birikimine katki saglamaktadir. Ele
alinan bu arastirmada, ilave bir tuzluluk kosulu olmadan, mevcut sulama uygulamalar1 ve mevcut toprak 6zellikleri
altindaki tuz birikimi arastirilmigtir. Tuz birikimini belirlemek amaciyla, sezon baslangicinda araziyi temsil edecek bir
sekilde toprak ornekleri alimmigtir. Sezon sonunda da her bir sulama uygulamasmdaki kivircik marul bitkisi kok
bolgesinden toprak 6rneklemesi yapilmistir. Toprak rnekleri 0-10 cm, 10-20 cm ve 20-30 cm derinliklerden olmak
tizere ii¢ yinelemeli olarak almmustir. Daha sonra, geleneksel yontemle laboratuar kosullarmda camur siiziigi
cikanlarak, toprak érneklerinde tuzluluk (ECe, dS m™) lgiimleri gergeklestirilmistir.

3. Arastirma Sonuclari ve Tartisma

Arastirmada kivirctk marul bitkisine, sulama uygulamalart (GS ve AYIS) ve sulama suyu diizeyleri
(%125, %100, %75 ve %50) disindaki tiim bakim, tarimsal iglemler vs. esit bir sekilde yapilmistir. Bu yiizden,
sezon sonu itibariyla toprak tuzluluk degerlerindeki muhtemel degisimlere sadece sulama suyunun uygulama
bi¢imi ve sulama suyu diizeyleri etki etmistir. Sezon basi ve sezon sonunda olmak iizere toplam 81 adet toprak
ornegi lizerinde tuzluluk 6l¢tiimleri gerceklestirilmistir. S6z konusu toprak tuzluluk 6l¢iimlerine ait degerlerin bazi
tanimlayici istatistiki bilgileri Tablo 3’de goriilebilir. En diisiik tuzluluk degeri GS100 uygulamasinda 0.49 dS m
! olarak dlgiilmiistiir. En yiiksek tuzluluk degeri ise 1.40 dS m™ olarak GS125 uygulamasinda kaydedilmistir.
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Sezon basi ve sezon sonunda sulama uygulamalarinin tamami (GS125, GS100, GS75, GS50, AYIS125, AYIS100,
AYIS75 ve AYIS50) igin kivircik marul bitkisinin kok bdlgesi 0-30 cm derinligi i¢in ortalama toprak tuzluluk
degerlerinin (ECe, dS m') degisimleri Sekil 2’de verilmistir. Sezon basma kiyasla sezon sonunda, tuz
birikimindeki en yiiksek deger GS125 uygulamasinda meydana gelmistir (Sekil 2). Sezon sonu en diisiik tuzluluk
birikimi degeri ise GS50 uygulamasinda belirlenmistir (Seki/ 2). GS125 ve AYIS125 sulama uygulamalarinda
toprak profilinin farkli katmanlarindaki (0-10, 10-20 ve 20-30 cm derinlik) tuz birikimi degisimi Seki/ 3’de
goriilebilir. Genel olarak toprak yiizeyine yakin bdlgede tuzluluk birikiminin daha yiiksek oldugu bulunmustur.
Sezon sonunda sezon bagina kiyasla, GS125 sulama uygulamasindaki tuzluluk birikimi AYIS125 sulama
uygulamasindan daha fazla gerceklesmistir.

Tablo 3. Sezon basi ve sezon sonunda tiim sulama uygulamalar: (GS125, GS100, GS75, GS50, AYIS125,
AYIS100, AYIS75 ve AYIS50) altinda, kivircik marul bitkisinin kok bolgesi (0-30 cm) tuzlulugunun kimi
tamimlayici istatistiki degerleri

Table 3. Some descriptive statistical values of root zone salinity (0-30 cm) of curly lettuce plants under all
irrigation treatments (GS125, GS100, GS75, GS50, AYIS125, AYIS100, AYIS75 and AYIS50) at the end of the
season and the beginning of the season

Sezon

istatistik bagi OS125  GS100  GS75 GSS0  AYISI2S  AVISIOD  AYISTS  AYISS0
Ornek 9 9 9 9 9 9 9 9 9
sayisl

Ortalama 0.707 1.010 0.746  0.676 0.647 0.780 0.784 0.731 0.817
En kiiciik  0.500  0.570 0490 0610 0.550 0.640 0.560 0.600 0.620
En biiyik 0.860  1.400 1.080  0.870 0.730 0.990 1.190 1.160 1.150
Standart o9 0315 0164 0.094  0.061 0.109 0.192 0.168 0.170
sapma

Ortalama toprak tuzlulugu (ECe, dS/m)

0.0 0.5 1.0 15
Sezon bas! : — I
§  Gs125 _
% GS100 | —
g GS75 _:—'
5 Gss0 e
g AYIS125 =
3 AYIS100 e B
AYIST5 | =t
AYIS50 | e

Figure 2. Average salinity change (ECe, dS m™) for 0-30 cm depth of curly lettuce plant under all irrigation
treatments (GS125, GS100, GS75, GS50, AYIS125, AYIS100, AYIS75 and AYIS50) at the end of the season and
the beginning of the season

Sekil 2. Sezon bast ve sezon sonunda tiim sulama uygulamalar: (GS125, GS100, GS75, GS50, AYIS125,
AYIS100, AYIS75 ve AYIS50) altinda, kivircik marul bitkisinin kok bolgesi 0-30 cm derinligi icin ortalama
tuzluluk degisimi (ECe, dS m™)

GS100 ve AYIS100 sulama uygulamalarinda toprak profilinin farkli katmanlarindaki (0-10, 10-20 ve 20-30
cm derinlik) tuz birikimi degisimi Sekil 4’de verilmistir. Genel olarak, buradaki toprak tuzlulugu birikimi GS125
ve AYIS125 sulama uygulamalarma (Sekil 3) kiyasla daha diisiik gerceklesmistir. Ote yandan, aralarinda fark
diisiik olmakla birlikte, GS100 sulama uygulamasindaki tuzluluk birikimi ilk iki katmanda (0-10 ve 10-20 cm
derinlik i¢in) AYIS100 sulama uygulamasindan daha fazla gergeklesmistir (Sekil 4). GS75 ve AYIS75 sulama
uygulamalarinda toprak profilinin farkli katmanlarindaki (0-10, 10-20 ve 20-30 cm derinlik) tuz birikimi degisimi
Sekil 5°de sunulmustur. Genel olarak, buradaki toprak tuzlulugu birikimi GS125 ve AYIS125 sulama uygulamalari
(Sekil 3) ile GS100 ve AYIS100 sulama uygulamalarina (Sekil 4) kiyasla daha diisiik gerceklesmistir. Ote yandan,
GS75 sulama uygulamasi ikinci katmanda (10-20 cm derinlik) tuzluluk birikimi, AYIS75 sulama uygulamasindan
daha fazla olarak saptanmistir (Seki/ 5). GS50 ve AYIS50 sulama uygulamalarinda toprak profilinin farkl
katmanlarindaki (0-10, 10-20 ve 20-30 cm derinlik) tuz birikimi degisimi Seki/ 6’de goriilebilir. AYIS50 sulama

513



Kaman & Demir & Sonmez & Polat & Mohamoud & Ugok
Kisintili Sulama Kosullarinda Yetistirilen Kivircik Marulda Bitki Kok Bolgesindeki Tuzluluk Birikimi

uygulamasindaki tuzluluk birikimi, genel olarak GS50 sulama uygulamasindan daha fazla olarak kaydedilmistir

(Sekil 6).

Toprak tuzlulugu (ECe, dS/m)
0.8 1.2 1.6

-
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Figure 3. Salinity change (ECe, dS m™') within the root zone of curly lettuce plant under GS125 and AYIS125
treatments at the beginning and end of the season

Sekil 3. Sezon bast ile sezon sonunda GS125 ve AYIS125 uygulamalar: altinda kivircitk marul bitkisinin
kik bolgesi icinde tuzluluk degisimi (ECe, dS m™)
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Figure 4. Salinity change (ECe, dS m™') within the root zone of curly lettuce plant at the beginning and end of
the season under GS100 and AYIS100 treatments

Sekil 4. Sezon bast ile sezon sonunda GS100 ve AYIS100 uygulamalar: altinda kivircitk marul bitkisinin
kik bolgesi icinde tuzluluk degisimi (ECe, dS m™)
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Figure 5. Salinity change (ECe, dS m™) in the root zone of curly lettuce plant at the beginning and end of the
season under GS75 and AYIS75 treatments

Sekil 5. Sezon bast ile sezon sonunda GS75 ve AYIS75 uygulamalari altinda kivircitk marul bitkisinin kok
bolgesi icinde tuzluluk degisimi (ECe, dS m™)
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Toprak tuzlulugu (ECe, dS/m)
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Figure 6. Salinity change (ECe, dS m™') within the root zone of curly lettuce plant at the beginning and end of
the season under GS50 and AYIS50 treatments

Sekil 6. Sezon bast ile sezon sonunda GS50 ve AYIS50 uygulamalar altinda kivircitk marul bitkisinin kok
bolgesi icinde tuzluluk degisimi (ECe, dS m™)

Sulama sezonu sonu itibariyla, topraktaki tuzluluk birikiminin belirlenmesinde, 6lgiilen degerlerin (ECe, dS m™)
yanisira artig/azalig oranlarinin (%) ifadesi de ¢ok dnemlidir. Ciinki, topraktaki tuzluluk birikiminin 6lgiilen degerleri
(ECe, dS m™) sezon bas1 tuzlulugunun diisiik ve/veya sulama suyunun iyi kaliteye sahip olmasi neticesinde, sulama
sezonu sonunda rakamsal olarak ¢ok yiiksek tuzluluk degerleri dlgiilemeyebilir. Ancak, artig/azalis oranlari (%), tuzlu
toprak ve/veya diisiik kaliteye sahip sularin kullanilmasi durumlari i¢in bir takim 6ngdrii olusturacaktir. Bu nedenle,
ele alinan bu ¢alismada Sekil 7’den Sekil 10°a kadarki grafiklerde, kivircik marul bitkisinin bitki kok bolgesi icinde ve
farkli katmanlarinda (0-10, 10-20 ve 20-30 cm derinlik) sezon sonundaki tuzluluk artig/azalis degisimleri verilmistir.

Sezon basina kiyasla, kivircik marul bitkisinin GS125 ve AYIS125 sulama uygulamalar altinda bitki kok bolgesi
icinde ve farkli katmanlarinda (0-10, 10-20 ve 20-30 cm derinlik) sezon sonundaki tuzluluk artis/azalis degisimi (%)
Sekil 7°de goriilebilir. Sezon basina kiyasla sezon sonunda ilk katman (0-10 cm) i¢cin GS125 sulama uygulamasinda
yaklagik %48 oraninda bir tuzluluk artis1 hesaplanirken, AYIS125 sulama uygulamasinda ise yaklasik %9 oraninda bir
azalis belirlenmistir. Ikinci katmanda (10-20 cm) GS125 sulama uygulamasinda yaklastk %34 oraminda bir tuzluluk
artis1 saptanirken, AYIS125 sulama uygulamasinda ise yaklastk %27°lik bir artis kaydedilmistir. Ugiincii katmanda
(20-30 cm) ise GS125 sulama uygulamasinda yaklasik %45 oraninda bir artis hesaplanirken, AYIS125 sulama
uygulamasinda ise yaklasik %19’luk bir artig belirlenmistir.

100 5 | BGS125 DAYIS125 |
T 80 -
S 60 A
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S 20 -
S
5 01
5
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-40 . .
5 15 25
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Figure 7. The change in salinity increase/decrease (%) in the root zone of curly lettuce plant under GS125
and AYIS125 treatments at the end of the season compared to the beginning of the season

Sekil 7. Sezon basi degerlerine kiyasla sezon sonunda GS125 ve AYIS125 uygulamalar: altinda, kivircik
marul bitkisinin kok bolgesi icindeki tuzluluk artis/azalis degisimi (%)

Sezon basina kiyasla, kivircik marul bitkisinin GS100 ve AYIS100 sulama uygulamalar altinda bitki kok bolgesi
icinde ve farkli katmanlarinda (0-10, 10-20 ve 20-30 cm derinlik) sezon sonundaki tuzluluk artis/azalis degisimi (%)
Sekil 8’de verilmistir. Sezon basina kiyasla sezon sonunda ilk katman (0-10 cm) i¢in GS100 sulama uygulamasinda
yaklagik %10 oranminda bir tuzluluk azalis1 hesaplanirken, AYIS100 sulama uygulamasinda ise yaklagik %11 oraninda
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bir azalis belirlenmistir. fkinci katmanda (10-20 cm) GS100 sulama uygulamasinda yaklasik %38 oraninda bir tuzluluk
artis1 saptanirken, AYIS100 sulama uygulamasinda ise yaklastk %34°liik bir artis kaydedilmistir. Ugiincii katmanda
(20-30 cm) ise GS100 sulama uygulamasinda yaklagik %5 oraninda bir azalis hesaplanirken, AYIS100 sulama
uygulamasinda ise yaklasik %16’k bir artig belirlenmistir. Sezon bagma kiyasla, kivircik marul bitkisinin GS75 ve
AYIS75 sulama uygulamalar altinda bitki kok bolgesi iginde ve farkli katmanlarinda (0-10, 10-20 ve 20-30 cm
derinlik) sezon sonundaki tuzluluk artig/azalis degisimi (%) Sekil 9°da sunulmustur. Sezon basina kiyasla sezon
sonunda ilk katman (0-10 cm) i¢in GS75 sulama uygulamasinda yaklasik %25 oraninda bir tuzluluk azalisi
hesaplanirken, AYIS75 sulama uygulamasinda ise yaklasik %19 oraninda bir azalis belirlenmistir. ikinci katmanda
(10-20 cm) GS75 sulama uygulamasinda yaklagik %25 oraminda bir tuzluluk artis1 saptanirken, AYIS75 sulama
uygulamasinda ise yaklasik %8’lik bir artis kaydedilmistir. Uglincii katmanda (20-30 cm) ise GS75 sulama
uygulamasinda yaklasik %6 oraninda bir azalis hesaplamirken, AYIS75 sulama uygulamasinda ise yaklagik %27°lik
bir artig saptanmustir.
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Figure 8. The change in salinity increase/decrease (%) in the root zone of curly lettuce plant under GS100
and AYIS100 treatments at the end of the season compared to the beginning of the season

Sekil 8. Sezon basi degerlerine kiyasla sezon sonunda GS100 ve AYIS100 uygulamalar: altinda, kivircik
marul bitkisinin kék bélgesi icindeki tuzluluk artig/azalis degisimi (%)
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Figure 9. The change in salinity increase/decrease (%) in the root zone of curly lettuce plant under GS75 and
AYIS75 treatments at the end of the season compared to the beginning of the season

Sekil 9. Sezon basi degerlerine kiyasla sezon sonunda GS75 ve AYIS75 uygulamalar: altinda, kivircik
marul bitkisinin kék bélgesi icindeki tuzluluk artig/azalis degisimi (%)

Sezon bagma kiyasla, kivircik marul bitkisinin GS50 ve AYIS50 sulama uygulamalan altinda bitki kok bolgesi
icinde ve farkli katmanlarinda (0-10, 10-20 ve 20-30 cm derinlik) sezon sonundaki tuzluluk artis/azalis degisimi (%)
Sekil 10°da sunulmustur. Sezon bagina kiyasla sezon sonunda ilk katman (0-10 cm) i¢in GS50 sulama uygulamasinda
yaklasik %20 oraninda bir tuzluluk azalis1 hesaplanirken, AYIS50 sulama uygulamasinda ise yaklasik %10 oraninda
bir artis belirlenmistir. ikinci katmanda (10-20 cm) GS50 sulama uygulamasinda yaklasik %2 oraminda bir tuzluluk
artis1 saptanirken, AYIS50 sulama uygulamasinda ise yaklasik %30’luk bir artis kaydedilmistir. Ugiincii katmanda
(20-30 cm) ise GS50 sulama uygulamasinda yaklasik %4 oraninda bir azalig hesaplanirken, AYIS50 sulama
uygulamasinda ise yaklasik %9’luk bir artis belirlenmistir.
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Figure 10. The change in salinity increase/decrease (%) in the root zone of curly lettuce plant under GS50
and AYIS50 treatments at the end of the season compared to the beginning of the season

Sekil 10. Sezon bast degerlerine kiyasla sezon sonunda GS50 ve AYIS50 uygulamalar: altinda, kivircik
marul bitkisinin kék bélgesi icindeki tuzluluk arns/azalis degisimi (%)

Yar 1slatmali sulama, geleneksel sulama ve kismtili sulama uygulamalari ile ilgili literatirde ¢ok sayida
aragtirmaya rastlamak miimkiindiir. Arastirmalarda genel olarak su-verim iligkileri tizerinde calismistir (Kirda ve ark.,
2004; Kirda ve ark., 2005; Kirda ve ark., 2007; Kaman ve ark., 2011). Ote yandan, kullanilan toprak ve sulama suyu
tuzluluk yoniinden sorunsuz olsa da zamanla toprakta tuzluluk birikimi olmaktadir. Ciinki her ne kadar sulama suyu
iyi kaliteye sahip olursa olsun, azda olsa igerisinde eriyik/coziinmiis maddeler bulundurnaktadir. ilave olarak giibre
uygulamalar sirasinda da toprakta tuz birikimi meydana gelmektedir. Kisith sulama stratejilerinin su tasarrufu
sagladigi ancak diisiik kaliteli sularla sulamanin topragin tuzlanmasini artirabilecegi ifade edilmektedir (Aragiiés ve
ark., 2014; Alomran ve ark., 2013). Bu konuda yapilan cesitli arastirmalar, toprak tuzlanmasinin yetersiz sulamaya
bagli potansiyel bir sorun oldugunu belirtmistir (Kaman ve ark., 2006; Hsiao ve ark., 2007; Raine ve ark., 2007).

Iyi kaliteye sahip su ve toprak kosullarmda da bitki kok bolgesindeki tuz yigisimmin arastirildigi calismalar da
yiiriitiilmiistiir (Kaman ve ark., 2006; Kaman ve Ozbek, 2012; Kaman ve Ozbek, 2016a; Kaman ve Ozbek, 2016b;
Kaman ve ark., 2020). Sézkonusu arastirmalarda da buradaki bulgulara benzer sonuglar elde edilmistir. Kanber ve Unlii
(2010)’un aktardifma gore, Maas (1986) marul bitkisini tuza orta derecede dayamkl (4 dS m™ ile 10 dS m™! arasinda)
bir sebze olarak bildirilmistir. Tarafimzdan yapilan galismada ise en yiiksek tuzluluk degeri ise 1.40 dS m™! olarak
saptanmustir. S6z konusu tuzluluk degeri, Maas (1986) tarafindan bildirilen degerlerin cok altindadir. Ote yandan, yine
Kanber ve Unlii (2010)’un aktardigina gore, Ayers ve Westcot (1989) tarafindan %0 verim kaybi i¢in toprak tuzluluk
esik degeri 1.30 dS m™! ve sulama suyu tuzluluk esik degeri ise 0.90 dS m™' olarak agiklanmustir. Tarafimizdan yapilan
cahismada sezon sonu itibartyla 6lgiilen en yiiksek tuzluluk degeri (1.40 dS m™) %0 verim kaybi igin Ayers ve Westcot
(1989) tarafindan bildiren degeri (1.30 dS m™) kiigiik bir fark (0.10 dS m™) ile olsa da asmustir. ilave olarak, sezon
basma kiyasla sezon sonu tuzluluk degerlerindeki artis oranlar1 (%) ¢ok daha 6nemlidir. Ciinkii artis miktardaki
oransal (%) ifadeler, tuzlulugu yiiksek toprak ve/veya sulama suyu kosullar1 i¢in 6ngériide bulunmay1 saglayacaktir.
Arastirmada, sezon baslangicina kiyasla sezon sonunda tuzluluk degerlerinde %48 diizeyinde bir artisi meydana
gelebildigi i¢in tuzlu toprak ve sulama suyu kosullar1 i¢in sulama yonetimi son derece daha dikkatli yapilmalidir.

4. Sonug¢

Arastirmada, kivircik marul bitkisine sulama uygulamalari (GS ve AYIS) ve sulama suyu diizeyleri (%125, %100, %75
ve %50) disindaki tiim tarimsal islemler esit bir sekilde yapilmistir. Genel olarak kullanilabilir su tutma kapasitesinin
tizerinde bir su miktar1 uygulanirsa, uygun drenaj kosullarinda yikama olabilir. Bu durumda da, fazla su uygulanan
parsellerde yikamadan dolay1 daha diisiik bir tuz birikimi beklenir. Ancak, bu ¢aligmada, fazla su diger uygulamalara
(%75 ve %50) kiyasla fazla anlamindadir. Diger bir ifadeyle, kullanilabilir su tutma kapasitesini agan bir sulama
sozkonusu degildir. Bu durumda, yikama diizeyinde olmayan fazla su, daha c¢ok tuz birikimi anlamina gelir.
Dolayisiyla, sezon sonu itibariyla toprak tuzluluk degerlerindeki degisimlere, sadece sulama suyunun uygulama bigimi
ve sulama suyu diizeyleri etki etmistir.

Caligmada toplam 81 adet toprak drnegi tizerinde tuzluluk 6l¢timleri yapilmistir. En diisiik tuzluluk degeri 0.49 dS
m! olarak 6lgiiliirken, en yiiksek tuzluluk degeri ise 1.40 dS m™' olarak GS125 uygulamasinda kaydedilmistir. Genel
olarak, sezon sonunda en yiiksek tuzluluk artis1 ilk katman (0-10 cm) i¢in %48, ikinci katman (10-20 cm) igin %34 ve
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tiglincli katman (20-30 cm) igin %45 olarak GS125 sulama uygulamasinda hesaplanmistir. Bu artis oranlari dikkate
alinmasi gereken degerlerdir. Elde edilen degerlerin marul yetistiriciliginde risk olusturacak diizeylere gelmemesi
kismtili ve geleneksel sulama uygulamalarmin etkinligi bakimindan O6nemli goriilmektedir. Sonug olarak,
stirdiiriilebilir bir sulu tarim i¢in yetisme sezonunda 1iyi bir drenaj sistemi vasitasiyla, topraktaki tuz birikiminin etkin
bir yikama islemiyle giderilmesi dnerilmektedir.

Tesekkiir

Bu ¢alisma, Akdeniz Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan FBA-2018-3129
numarast ile desteklenen projeden iiretilmistir. Anilan projede gobekli ve kivircik marul olmak izere iki farkli marul
cesidi kullanilmis olup, gébekli marul ile ilgili caligma Kaman ve ark. (2020) tarafindan yayimlanmustir.

518



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021, 18(3)

Kaynakca

Alomran, A. M., Louki, I. ., Aly, A. A., Nadeem, M. E. (2013). Impact of deficit irrigation on soil salinity and cucumber yield under greenhouse
condition in an arid environment. Journal of Agricultural Science and Technology 15: 1247-1259.

Anonim (2018). https://www.fidanfide.com/campania-kivircik-marul-fidesi. [Son erigim tarihi: 13.06.2018].

Anonim (2019). Bitkisel Uretim Istatistikleri, https:/data.tuik.gov.tr/tr/display-bulletin/?bulletin=bitkisel-uretim-istatistikleri-2019-30685#,
Son Erigim Tarihi: 19.10.2020

Anonymous (1982). Methods of Soil Analysis (Ed. A.L. Page). Number 9, Part 2, Madison, Wisconsin, USA, 1159 pp.
Anonymous (2017). http://www.worldatlas.com/articles/world-leaders-in-lettuce production.html. [Son erisim tarihi: 23.07.2017].

Anonymous (2018). Food and Agriculture Organization of the United Nations. http:/www.fao.org/faostat/en/#data, Son Erisim tarihi:
19.10.2020.

Aragiiésa, R., Medinaa, E. T. Martinez-Cobb, A., Faci, J. (2014). Effects of deficit irrigation strategies on soil salinizationand sodification in
a semiarid drip-irrigated peach orchard. Agricultural Water Management 142: 1-9.

Ayers, R.S., Westcot, D.W. (1989). Water quality for agriculture. Irrigation and Drainage Paper, Food and Agriculture Organization of the
United Nations, 29, Rev.1. Rome, 173 s.

Black, C. A. (1957). Soil-plant relationships. John Wiley and Sons, Inc., New York.
Black, C. A. (1965). Methods of Soil Analysis Part 2, Amer. Society of Agronomy Inc., Publisher Madisson, Wilconsin, U.S.A., p:1372-1376.
Bouyoucos, G. J. (1951). A recalibration of the hydrometer method for making mechanical analysis of the soils. Agronomy Journal 4(9): 434.

Cetin, M., Kirda, C. (2003). Spatial and temporal changes of soil salinity in a cotton field irrigated with low-quality water. Journal of Hydrology
272:238-249.

Chaffey, N. (2001). Restricting water supply enhances crop growth. Trends in Plant Science 6: pp. 346.
Evliya, H. (1964). Kiiltiir Bitkilerinin Beslenmesi. Ankara Universitesi Ziraat Fakiiltesi Yaynlari, Say1:10, Ankara.

Hsiao, T., Steduto, P., Fereres, E. (2007). A systematic and quantitative approach toimprove water use efficiency in agriculture. /rrig. Sci. 25:
209-231.

Imanishi, J., Morimoto, Y., Imanishi, A., Sugimoto, K., Isoda, K. (2007). The independent detection of drought stress and leaf density using
hyperspectral resolution data. Landscape Ecol Eng 3:55-65.

Istanbulluoglu, A., Konukcu, F., Kocaman, . (2006). Development of Water Resources and Agricultural Practices under Irrigation in Thrace
Region: Analysis of Existing Data for the Solution of Problems. Tekirdag Ziraat Fakiiltesi Dergisi- Journal of Tekirdag Agricultural
Faculty 3(2): 139-152.

Jackson, M. L. (1967). Soil Chemical Analysis. Prentice Hall of India Private Limited, New Delhi.
Kacar, B. (1972). Bitki ve Topragin Kimyasal Analizleri. II. Bitki Analizleri, A.U. Ziraat Fak. Yayinlari: 453, Ankara.

Kaman, H., Kirda, C., Cetin, M., Topcu, S. (2006). Salt accumulation in the root zones of tomato and cotton irrigated with partial root-drying
technique. Irrigation and Drainage 533-544.

Kaman, H., Kirda, C., Sesveren, S. (2011). Genotypic differences of maize in grain yield response to deficit irrigation. Agricultural Water
Management 98(5): 801-807.

Kaman, H., Ozbek, O. (2012). Salt and water distributions in the plant root zone under deficit irrigation. Journal of Food, Agriculture &
Environment 496-500.

Kaman, H., Ozbek, O. (2016a). Salt accumulation in the root zone of eggplant irrigated using partial root drying technique. International
Journal of Agriculture & Biology 18: 435-440.

Kaman, H., Ozbek, O. (2016b). Salinity Accumulation in the Root Zones of Cucumber under Drip Irrigation Practices. Proceedings of the VI
Balkan Symposium on Vegetables and Potatoes, Acta Hortic. 1142: 75-80.

Kaman, H., Demir, H., Sonmez, 1., Polat, E., Mohamoud, S.S., Ucok, Z. (2020). Salinity of the root zone of lettuce irrigated with partial root
drying. Fresenius Environmental Bulletin 29(09A): 8496-8502.

Kanber, R., Bastug, R., Biiyiiktas, D., Unlii, M., Kapur, B. (2010). Kiiresel iklim Degisikliginin Su Kaynaklar1 Ve Tarimsal Sulamaya Etkileri,
sayfa 83-118, Tiirkiye.

Kanber, R., Unlii, M. (2010). Tarimda Su ve Toprak Tuzlulugu. C.U. Ziraat Fakiiltesi, Genel Yayin No: 281, Kitap Yayin No: A-87, Adana.

Kang, S., Liang, Z., Hu, W., Zhang, J. (1998). Water use efficiency of controlled alternate irrigation on root- divided maize plants. Agricultural
Water Management 38: 69-76.

Kirda, C., Baytorun, N. (2000). Fertigation under Saline Conditions: Irrigation Management Minimizing Soil Salinity Risk. In the Plant
Nutrient Management under Pressurized Irrigation Systems in the Mediterranean Region by Ryan, J. (ed), Proceedings of the IMPHOS

519



Kaman & Demir & Sonmez & Polat & Mohamoud & Ugok

Kisintili Sulama Kosullarinda Yetistirilen Kivircik Marulda Bitki Kok Bolgesindeki Tuzluluk Birikimi

International Fertigation Workshop Organized by the World Phosphate Institute IMPHOS), 25-27 April 1999, Amman, Jordan. ICARDA,
Aleppo, Syria, pp. 288-296.

Kirda, C., Cetin, M., Dasgan, Y., Topcu, S., Kaman, H., Ekici, B., Derici, M. R., Ozguven, A. 1. (2004). Yield response of greenhouse grown
tomato to partial root drying and conventional deficit irrigation. Agricultural Water Management 69: 191-201.

Kirda, C., Topcu, S., Kaman, H., Ulger, A. C., Yazici, A., Cetin, M., Derici, M. R. (2005). Grain yield response and n-fertiliser recovery of
maize under deficit irrigation. Field Crop Res. 93: 132—141.

Kirda, C., Topaloglu, F., Topg¢u, S., Kaman, H. (2007). Mandarin yield response to partial root drying and conventional deficit irrigation. Turk.
J. Agric. For., 31: 1-10.

Konukeu, F., Akbuga, R. (2006). Impact of Shallow and Saline Water Tables on the Soil’s Water and Salt Balance of Konya-Cumra District
under Irrigation. Tekirdag Ziraat Fakiiltesi Dergisi- Journal of Tekirdag Agricultural Faculty 3(2): 105-117.

Lindsay, W. L., Norvell, W. A. (1978). Development of a DTPA soil test for Zinc, Iron, Manganese and Copper. Soil Science Society of
America Journal 42(3): 421-428.

Maas, E. W. (1986). Salt tolerance of plants. Applied Agriculture Research 1:12-26.

Olsen, S. R., Sommers, E. L. (1982) Phosphorus Availability Indices. Phosphorus soluble in sodium bicarbonate. In: Methods of soil analysis,
Part II. Chemical and microbiological properties. ASA-SSSA, Agronomy Series, No:9. Madison. Wisconsin, USA. pp.404-430.

Oktiiren Asri, F., Demirtas, E.I., Ar1, N., Ozkan, F. (2013). Determination of irrigation water qualities of Bilecik-Osmaneli district. Akdeniz
Univ. Ziraat Fak. Derg. 26(1): 49-55.

Raine, S. R., Meyer, W. S., Rassam, D. W., Hutson, J. L., Cook, F. J. (2007). Soil-water andsolute movement under precision irrigation:
knowledge gaps for managing sus-tainable root zones. /rrig. Sci. 26: 91-100.

Salk, A., Arim, L., Deveci, M., Polat, S. (2008). Ozel Sebzecilik. Namik Kemal Universitesi, Ziraat Fakiiltesi, Onur Grafik, Matbaa ve Reklam,
istanbul.

520



Journal of Tekirdag Agricultural Faculty EylilSeptember 2021, 18(3)

o
. . . . . L. Basvuru/Received: 04/01/21
J Tekirdag Ziraat Fakultesi Dergisi Kabul/Accepted: 29/03/21

DOI: 10.33462/jotaf.853435

http://dergipark.gov.tr/jotaf
http://jotaf.nku.edu.tr/

ARASTIRMA MAKALESI RESEARCH ARTICLE

Mikroorganizmalarin Biiyiime Egrilerini Tamimlamak i¢in Excel Tabanh, Kullanici
Dostu, Ucretsiz Bir Arac: OK-BUZ GRoFiT

An Excel-based, User-friendly Freeware Tool to Describe Microbial Growth Curves: OK-BUZ
GROoFiT

Hasan Basri OKSUZ', Sencer BUZRUL*

Oz

Bu ¢aligmada mikroorganizmalarin (bakteriler, mayalar, kiifler) biiylime/gelisme egrilerini tanimlamak igin
Excel® tabanli {icretsiz bir ara¢ olan OK-BUZ (Oksiiz-Buzrul) GROFiT (biiyiime egrileri tanimlama)
uygulamasinin kullanimi gosterilmistir. Giiniimiizde bircok biiylime modeli kullanilmakta olup, bunlarin
icerisinden belki de en fazla kullamlan biiyiime modellerinden olan Baranyi, Gompertz ve Ug Fazli Dogrusal (UFD)
modelleri Excel icerisine yerlestirilerek, modelleme konusunda ¢ok yetkin olmayan kisilerin de rahatlikla
kullanabilecegi ve sonuglart yorumlayabilecegi kullanici dostu bir ara¢ olusturulmustur. Bu ara¢ kullanilarak her
ti¢ modelin parametreleri yani mikroorganizmalarin baslangig sayisi (logio/No), mikroorganizmalarin ulasabilecegi
azami say1 (10g10Nmaks), azami 6zgil biiylime hizt (umaks veya ) ve uyum (lag) zamani (1) standart hatalariyla
birlikte bulunabilir. Dahast model parametrelerinin list ve alt smirlart (%95 giiven araliklari) da elde
edilebilmektedir. Bu degerlerin hemen yaninda model uyum gostergeleri listelenmektedir. Bunlar belirleme
katsayis1 (R?), ayarh belirleme katsayisi (ayarli R?) ve modelin standart hatasi veya karesel ortalama hatadir
(RMSE). Arag igerisindeki modeller birgok farkli bilylime veri setine uygulanmis ve sonuglar {icretli bir yazilim
olan SigmaPlot® programi ile karsilastinlmistir. Karsilastirma sonucunda rahatlikla sdylenebilir ki bu
uygulamanin mikroorganizmalarin bilyiime egrilerini tanimlamasi bakimindan parali yazilimlardan fark: yoktur:
OK-BUZ GROFiT kullanilarak ayn1 veri seti i¢in ayni parametre degerlerini ve ayn1 model uyum gostergelerini
elde etmek miimkiindiir. Ayrica, OK-BUZ GRoFiT Monte Carlo benzetimi yaparak iicretli programlarin
birgcogunda bulunmayan simetrik olmayan %95 giiven araliklarin1 da hesaplamaktadir. Parametrelerin giiven
araliklarimi hesaplayabilen iicretli yazilimlar ise genel olarak simetrik giiven araliklarimi vermektedir. OK-BUZ
GROFiT uygulamas: tamamen Tiirk¢e olup, “https://mmf.gidatarim.edu.tr/ok-buz-grofit” adresinden iicretsiz
olarak indirilerek kullamilabilir. Kullanicilardan gelecek olan talepler dogrultusunda uygulama igerisine yeni
biiylime modelleri de eklenebilecek ve farkl disiplinlerde ¢alisan arastirmacilarin (gida, kimya, biyoloji, ziraat,
biyoteknoloji vb.) bu uygulamay1 kullanmasi miimkiin olacaktir.

Anahtar Kelimeler: Dogrusal olmayan regresyon, Model uyumu, Model tahmini, Baranyi, Gompertz
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Oksiiz & Buzrul
Mikroorganizmalarin Biiyiime Egrilerini Tanimlamak I¢in Excel Tabanli, Kullanict Dostu, Ucretsiz Bir Arag: OK-BUZ GRoFiT

Abstract

The use of an Excel®-based free tool, OK-BUZ (Oksiiz-Buzrul) GRoFiT (growth curves fitting) application, was
demonstrated to describe the growth curves of microorganisms (bacteria, yeasts, molds) in this study. Several
different microbial growth models are being used today, Baranyi, Gompertz and Three Phase Linear (TPL) models,
which are perhaps among the most used growth models, were placed in Excel, and a user-friendly tool has been
created that can be used by researchers who are not very competent in modeling and interpreting the results. Model
parameters, namely the initial number of microorganisms (logio/No), the maximum number of microorganisms can
reach (10g10Nmax), the maximum specific growth rate (umax or #) and the adaptation (lag) time (1) together with
their standard errors can be obtained by using this tool. Moreover, upper and lower limits (95% confidence
intervals) of the model parameters can also be found. The goodness-of-fit indicators are listed next to these values.
These are the coefficient of determination (R?), the adjusted coefficient of determination (R%qj) and the standard
error of the model or the root mean square error (RMSE). The models in the tool were applied to several different
growth data and the results were compared with SigmaPlot® program, which is a shareware. As a result of this
comparison, it can be safely said that this tool is no different from shareware in terms of describing the growth
curves of microorganisms: It is possible to obtain the same parameter values and goodness-of-fit indices for the
same data set. Further OK-BUZ GROFiT applies Monte Carlo simulation to calculate the unsymmetrical
confidence intervals which cannot be done by most of the sharewares. The sharewares, which can calculate the
confidence intervals of the parameters, give the symmetrical confidence intervals in general. The application is in
Turkish and it can be used by downloading it for free from the web page “https://mmf.gidatarim.edu.tr/ok-buz-
grofit”. The new growth models can be added into the application in line with the demand of the users and it may
be possible to use this application for the researchers working in different disciplines (food, chemistry, biology,
agriculture, biotechnology etc.).

Keywords: Non-linear regression, Model fit, Model prediction, Baranyi, Gompertz
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1. Giris

Son yillarda tiiketicilerin yiyecek ve igecekleri konusunda oldukga dikkatli olmas1 gida giivenliginin énemini
artirmistir (Niyaz ve Demirbas, 2018). Giiniimiiz gida sanayiinde “giivenli gida” ifadesi tiiketiciye ulagsmak igin
siklikla kullanilmaktadir (Arici, 2006). Gidalarin tiretimden dagitima kadar 6zellikle mikrobiyolojik olarak giivenli
olmasi gida sanayiinin iizerinde 6nemle durdugu bir konudur. Uygun olmayan sicaklik kosullarinda bazi gidalarda
mikroorganizmalar iireyebilir. Bu mikroorganizmalarm bir kismi gidanin bozularak tiiketilemeyecek hale
gelmesine neden olurken bazilari da hastaliga (6rnegin Salmonella ve Listeria monocytogenes gibi patojenler) yol
acabilirler. Bu nedenle gida giivenligi acisindan mikroorganizmalarin bilyime ya da gelisme kinetiginin
calisilmasi gereklidir.

Gidanin icerisinde ya da kapali bir sistemde (6rnegin siv1 besiyeri) biiyilyen mikroorganizmalarda genellikle 4
faz veya evre goriiliir (Sekil 1) (Ozgelik ve ark., 2019). Birincisi uyum saglama ya da adaptasyon evresi olarak
adlandirilir ve mikroorganizmalarin yeni bir ortama uyum gosterip ¢ogalmaya baslayana kadar gegen siire (1)
olarak ifade edilir. Bu evrede bakterilerin hiicre artis1 gdzlemlenmezken, hiicre kiitlesi artabilir. Tkinci evre
cogalma evresi olup, mikroorganizmalar bu evrede iistel (logaritmik) olarak c¢ogalirlar. Bu evrede
mikroorganizmalar azami biiyiime hizina (umaks) ulasirlar ancak bu evrenin sonlarma dogru biiyiime hizi da
yavaglar ¢iinkii mikroorganizmalar kapal bir sistemde ulasabilecekleri azami sayiya (10® ve 10° hiicre mL™")
ulastiklarindan ortamda besinler giderek azalmaktadir. Ayrica ortamda toksik etken olabilecek metabolik maddeler
birikmektedir. Uciincii evre durma evresidir ve gittikce kisitlanan kosullar nedeniyle biiyiime devam edemez.
Durma evresi gelisme egrisinde diiz seyreden yatay bir ¢izgi seklindedir. Son evre olan 6liim evresinde ise canli
hiicre sayisinda azalma gbriiliir (Ozgelik ve ark., 2019). Mikrobiyal biiyiime modelleri sadece ilk ii¢ evreyi (uyum,
cogalma ve durma) tanimlamak icin kullanilir ¢iinkii bir gidada 6liim evresine gelinmisse o gidanin giivenilirligi
tartismalidir.

Uyum Gogalma Durma Olam

log,(N(t)

Sire (herhangi birim)

Figure 1. Growth curves of microorganisms that grow in a closed habitat

Sekil 1. Kapali bir ortamda biiyiiyen mikroorganizmalarin biiyiime ya da gelisme egrisi

Giiniimiizde bir¢ok mikrobiyal bilyiime modeli dnerilmis ve kullanilmaktadir. Ancak bunlardan belki de en
cok tercih edilenleri Gompertz (Zwietering ve ark., 1990), Baranyi (Baranyi ve Roberts, 1994) ve ii¢ fazli dogrusal
(Buchanan ve ark., 1997) modelleridir (Oksiiz ve Buzrul, 2020). Bu modeller arasinda segim yapmak veya hangi
modelin daha iyi olduguna karar vermek, bunun 6tesinde model parametrelerini elde etmeye ¢alismak bir takim
matematiksel ve istatistiksel bilgi gerektirmektedir. Ancak, 6zellikle de biyolojik bilimler ve gida bilimleri
alaninda calisanlarin bir kismi bu bilgilerden yoksun kalabilmektedir. Bu kisiler i¢in Excel tabanli kullanic1 dostu
bazi uygulamalar vardir. Ornegin DiMFiT uygulamast Excel eklentisi olarak, modelleme konusunda yeterli bilgiye
sahip olmayanlar i¢in Baranyi modelinin mikrobiyal biiylime verilerini tanimlamak i¢in kullamlabilir. Bu
uygulama herkese agik ve iicretsiz olup internetten indirilerek kullanilabilir. Bir diger Excel tabanli uygulama
Fujikawa ve Kano (2010) tarafindan sunulan farkli bir biiylime modeli iceren programdir. Ancak, bu yazilim
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DiMFiT gibi herkesin erisimine agik degildir. Ustelik her iki uygulamada da tek bir biiyiime modeli yer almakta
ve model parametrelerinin standart hatalar1 ya da giiven araliklart elde edilememektedir. Sadece mikrobiyal
bilylime igin degil 6liim kinetigi igin de benzer excel tabanli uygulamalar yer almaktadir. Ornegin GInaFiT
uygulamasi igerisinde birgok inaktivasyon modeli barindiran Excel-tabanli bir eklentidir (Geeraerd ve ark., 2005).

Bu c¢aligmanin amaci, matematik modelleme konusunda yeterince bilgisi olmayanlarin da rahatca
kullanabilecegi ve sonuglar1 yorumlayabilecegi, mikroorganizmalarin bilyiime egrilerini tanimlamak i¢in Excel
tabanli {icretsiz bir arag olan OK-BUZ GROFiT uygulamasmin kullanimimni géstermektir. Uygulamanin Excel
tabanli yapilmasinin sebebi deneysel verilerle ugrasan arastirmacilarin birgcogunun M.S. Office Excel’e erisiminin
olmasidir. Bu dogrultuda oncelikle uygulamada kullanilan biiyiime modelleri tanitilacak, daha sonra da
uygulamanin kullanimi anlatilacaktir.

2. Materyal ve Metot

2.1. Mikrobiyal biiyiime parametreleri

Kapal1 bir sistemde ¢ogalma evresinde mikrobiyal biiylime asagidaki esitlik 1 ile ifade edilir (Baranyi ve
Roberts, 1994);

dN(t)
a Hmaks " N (Bs. 1)

Burada, N(f) mikroorganizmalarin ¢ zamandaki sayisi, gmaks ise azami 6zgiil mikrobiyal biiylime hizidir. Bu basit
diferansiyel denklem ¢oziiliirse agagidaki sonug elde edilir (Es.2);

InN(t) =InNy + fygrs * t (Es. 2)
Bu esitlikte de Mo mikroorganizmalarm baslangi¢ zamanindaki (¢ = 0) sayisidir. Mikrobiyal biiylime genellikle 10

tabanindaki logaritma ile ifade edildiginden (Es.3);

_ Hmaks ,
log,, N(t) = logyo Ny + Sa0s t (Es. 3)

yazilabilir. Bu denklemde In10 ~ 2.303’tiir. Azami biiylime hiz1 logio tabaninda g maks (#4maks/2.303) olarak ifade
edilebilir.

Biiylime modellerindeki parametreler yani baslangic anindaki mikroorganizma sayisi (logio/No),
mikroorganizmalarin ulasabilecegi azami say1 (1ogi0Nmaks), uyum zamani (1) ve azami 6zgiil biiylime hiz1 (¢maks)
Sekil 2°de gosterilmistir.

1096N ks

log,oN(t)

log,oN, T

Sire (herhangi birim)

Figure 2. Demonstration of growth model parameters on the growth curve

Sekil 2. Biiyiime modeli parametrelerinin biiyiime egrisi iizerinde gosterimi
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Buradaki parametrelerden logioNo ve logioNmaks’i grafik iizerinde goézlemlemek ve yorumlamak oldukca
kolaydir. Ote yandan, azami 6zgiil biiyiime hizim tespit edebilmek icin “S” seklindeki biiyiime egrisinin doniim
noktasindan c¢izilen dogrunun egimi bulunmalidir. Diger bir deyisle en yiiksek egime sahip dogru doniim
noktasindan gecen dogrudur ve bunun egimi de [t maks (tmaks/2.303) olarak hesaplanabilir. Bu dogrunun logio/No’dan
cizilen yatay dogruyla kesistigi yerde A’dur.

2.2. OK-BUZ FiT uygulamasinin icerisinde yer alan biiyiime modelleri
2.2.1. Gompertz modeli

Bu model Zwietering ve ark. (1990) tarafindan tiiretilmis olup, gelistirilmis (modifiye edilmis) Gompertz
modeli olarak da gegmektedir. Model denklemi asagida verilmistir (Es.4);

logoN(t) = log,oNy + (10810 Nmaks — 10g19Ny) - €xp {—exp [(logumaks-e/zsos A=)+ 1]} (Es.

10Nmaks=10810No)
4)

Burada e = exp(1) yani Euler sayisidir (2.7182..). Goriildiigii gibi biitiin bilyiime modeli parametreleri (logioNo,
10g10Nmaks, A Ve tmaks) Gompertz denkleminde yer almaktadir.

2.2.2. Baranyi modeli

Baranyi ve Roberts (1994) tarafindan 6nerilen bu model i¢ ige iki diferansiyel denklemden olugsmaktadir ve bu
iki denklemin sabit kosullarda (6rnegin sabit sicaklikta) ¢coziimii su sekildedir (Oksiiz ve Buzrul, 2020) (Es.5);

lOgloN(t) — loglonaks + 10g10 1+explmaks (t=)]-exp(=Umaks1) ] (ES 5)

explimats (=1 -exp(~tmaks 2)+10U°810 Nmaks 10810 No)
Baranyi modelinde de tipki Gompertz modelindeki gibi biitiin model parametreleri yer almaktadir.

2.2.3. U¢ fazl dogrusal model

Bu esitlik sistemine ii¢ fazli dogrusal (UFD) model denmesinin sebebi biiyiime evrelerinin her birinin birer
dogru ile tammlanmasidir. UFD modeli Buchanan ve ark. (1997) tarafindan 6nerilmistir ve asagidaki esitlik 6 ile
ifade edilebilir:

Egert < Alog,( N (t) = log,,N,
Eger A < t < tpqrs 1081oN(t) = log oNy + 1/2.303 - (t — 1) (Es. 6)
Eger t = tyas 10g1oN(8) = logyoNo + 1/2.303 - (tmaks — 4)

UFD modelinde diger modellerden farkli olarak iki durum géze garpmaktadir: (i) bilyiime hiz1 azami 6zgiil
biiyiime hiz1 (umaks) olarak degil de 6zgiil biiyiime hiz1 () olarak ifade edilmistir. Bunun nedeni UFD modelinde
cogalma evresi bir dogru ile tanimlanmistir ve dogrunun egimi sabittir (dogrunun egimi x/2.303’tiir). Oysa
Gompertz ve Baranyi modellerinde ¢ogalma evresinin egimi sabit degildir ve egimin en yiiksek oldugu durumda
azami 6zgiil bilylime hiz1 gozlemlenmektedir, (i1) logi0Nmaks parametresi modelde gériinmemektedir. Onun yerine
tmaks parametresi vardir. Aslinda bu parametre azami sayiya yani logioNmaks degerine ulasildigi zamandir ve bu
modelde (Es.7);

log10Nmaks = log10No + 1/2.303(tmaks — A). (Es. 7)

seklinde tanimlanmaktadir. Yani bu parametre (1og10Nmaks) diger 4 parametre (logioNo, #maks, 4 ve u) kullanilarak
hesaplanabilmektedir.

2.3. OK-BUZ GRoFiT uygulamasinin ¢alisma prensibi

Uygulama deneysel veriler ile model uyumu arasindaki farklarin ya da artiklarin karesinin en aza indirilmesi
(minimize edilmesi) ilkesine dayanmaktadir. Bunun i¢in Excel’in Coziicii aracindan faydalanilmaktadir (Yurdakul
ve ark., 2020). Excel’de ¢oziicli aracimi yiiklemek i¢in Dosya Meniisiinden; Secenekler > Eklentiler > Excel
Eklentileri Git’ten ¢oziicli isaretlenmelidir. Coziicii kullanilarak model parametreleri elde edilmektedir. Ayni
zamanda da model uyum gostergeleri hesaplanmaktadir. Bunlar R%, ayarl R? ve modelin standart hatasidir (RMSE).
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Birgok ¢aligmada R? degerine bakilarak model uyumu degerlendirilir. Ancak bu yamlticidir (Leylak ve ark., 2020)
dolayistyla ayarli R?> ve RMSE degerleri de OK-BUZ GROFiT uygulamasinda yer almaktadir. Ayarli R?degeri 1’e
ne kadar yakin, RMSE degeri ise 0’a ne kadar yakin olursa model uyumu o kadar iyidir. Daha sonra yine Excel’de
(arka planda) 100 adet Monte Carlo (MC) benzetimi yapilarak model parametrelerinin standart hatalar ve %95
giiven araliklar1 (list ve alt limitleri) hesaplanmaktadir. MC benzetimi bir¢ok amagla kullanilmakla birlikte bu
uygulamadaki kullanim amaci parametre belirsizliklerini elde etmek i¢indir. Bu islem kullanilan bilgisayarin
hizina bagl olarak degismekle birlikte yaklasik olarak 30 saniye kadar siirmektedir. MC benzetimi yapmak i¢in
birgok farkli program kullanilmakla birlikte Excel’de de MC benzetimi yapmak miimkiindiir (Lambert ve ark.,
2012).

2.4. Veri seti ve diger yazulimlarla karsilagtirma

Bu calismada birgok farkli veri seti denenmistir. Bunlarin bir kismi yayimlanmis ¢alismalardan, bir kismi ise
Konya Gida ve Tarim Universitesi, Gida Miihendisligi laboratuvarlarinda yapilan deneylerden elde edilmistir. OK-
BUZ GRoFiT uygulamasindan elde edilen sonuglar parali1 bir yazilim olan ve ayn1 veri setlerinin SigmaPlot’taki
tanimlamalari ile karsilastiriimagtir.

3.1. Uygulamanin tek bir model icin kullanimi ve yorumlama

OK-BUZ GROFiT uygulamasi agildiginda kullaniciyr Sekil 3°deki goriiniim karsilayacaktir. Kullanicinin siire
(saniye, dakika veya saat olarak) ve mikroorganizmalarin siireye karsilik degisim yani logioN(¢) (logioKOB mL"!
veya logioKOB g'! olarak) verilerini Excel’de A2 ve B2 hiicrelerinden baslayarak girmesi beklenir. Sekil 4’te
uygulamay1 denemek i¢in eklenen veriler goriilmektedir.

A B C D E F
1 | Sire | log:L.N‘
2| o 388
3| o 39
= o o1 Arayiizii Ag
s| 5 389
&l 5 399
7 5 400
8| 10 | 39
B 10 395 Litfen verieriniz
10 10 384 A2 ve B2'den
11 15 4.05 baglayarak
12 15 400 girin2!
13 1 404
14 P 451
15| 20 430
A D E F .| 20 427
1 Siire  logy,N 17 30 5.69
18| 30 557
3 9] 30 | 571
4 Arayiizii Ag 20| 40 734
5 21| 40 | 12
6 22 40 7.13
7 23 50 824
8 24 50 822
9 Lutfen 25 50 819
10 verilerinizi A2 26 84 867
11 B2'den 27 64 285
12 baglayarak 28 &4 864
13 giriniz! 20 76 866
14 0| 76 87
15 31| 76 | 854
16 32| % | 87
17 33 20 876
18 3| % | 8™
19 35
Figure 3. Splash screen of OK-BUZ GRoFiT Figure 4. Entering the data to OK-BUZ GRoFiT. These are
Sekil 3. OK-BUZ GRoFiT’in acilis ekrani the growth data of Listeria monocytogenes in broth
containing 9% salt at 30°C and taken form Lambert et al.
(2012)

Sekil 4. Verilerin OK-BUZ GRoFiT’te girilmesi. Bu
veriler Listeria monocytogenes’in %9 tuz iceren sivi
besiyerinde, 30°C’deki biiyiime verileri olup, Lambert ve
ark. (2012)’dan alinmustir
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Veriler girildikten sonra “Arayiizii A¢” diigmesine tiklanir ve Sekil 5a’da goriilen arayiiz belirir. Buradan
model secimine gelindiginde ise uygulama icerisinde yer alan mikrobiyal biiylime modelleri (Baranyi, Gompertz
ve UFD) goriiniir (Sekil 5b). Bu modellerden herhangi birisi segilerek “Uygula” diigmesine basilir ve sonuglar elde
edilir.

| a c D E F G H | ) 3 L M N
1 Siir
2 0
= | OK-BUZ GRoFiT X
a 0 Arayiizii Ag
S 3
8| 5 I Model Secimi j r
7 5
8| 10
E) 10 Listfen verieriniz;
10| 10 A2 ve B2'den KONYA KONYA
ul 15 sy
2 : plet UNIVERSITY UNIVERSITESI
| 20 2m3
15| 2 Created by
16| 20 Sencer BUZRUL
17| 30 Hasan Basri OKSUZ
18| 30
19| 30
20| 4
21| ¥
2| %
23 50
24| 50
25| 30
26| &
27| &4
28| &
2| 7
30 76
31| 76
32| 0
33 0 876
34 0 872
a
| A B c D E F G H 1 J K L M N
1 Siire 3 IugmN‘
2 0 388
=8 0 | 2% OK-BUZ GRoFiT X
a| © 381 Arayiizii Ag
s 5 389
EEE [ wessel =] wew | T
z - :soo B
s 10 300 e
-] 10 385 Litfen verileriniz UFD
10| 10 EE A2 ve B2'den KONYA
sl 15 a0 sesayane
12 5 4 ininiz! (N f
B0t g UNIVERSITY UNIVERSITESI
14 20 451
15| 20 430 Created by
16| 20 427 Sencer BUZRUL
17| 30 | 569 Hasan Basri OKSUZ
18 30 557
19| 30 571
20 40 734
21 30 712
22 40 713

33| 90 876
38| S 872

b

Figure 5. Interface appearing when clicking open the interface (b). Growth models exist in the interface (b)

Sekil 5. Arayiizii A¢’a basidiginda beliren arayiiz (a). Arayiiz icerisinde yer alan biiyiime modelleri (b)

Burada uygulamadaki ilk model olan Baranyi modelinin uygulamasi gosterilecektir. Baranyi modeli secilip
uygulaya tiklandiginda ara yiizde islemin devam ettigini belirten bir uyar1 ¢ikacaktir (Sekil 6). Islem hizli
bilgisayarlarda yaklasik olarak 10-15 saniye kadar siirerken yavas bilgisayarlarda bu siire 30-40 saniyeye kadar
cikabilmektedir. Islem sonuclandiginda ise Sekil 7’de gosterilen sonuglar ve grafik elde edilecektir. Eger grafik
iizerinde %95 giiven araliklarinin da goriinmesi isteniyorsa ara yiizdeki giiven araligi onay kutusunu aktif hale
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getirmek yeterlidir. Bu durumda grafik {izerinde giiven araliklar1 da (siyah kesikli ¢izgiler) model uyumu (kirmizi
diiz cizgiler) ve veriler (mavi daireler) ile birlikte gosterilecektir (Sekil §).

Elde edilen sonuglar1 yorumlamak ise ¢ok zor degildir. Gortildiigii gibi verilere bakip yaklagik olarak da tahmin
edilebilecek logioNo ve logioNmaks Baranyi modeli i¢in sirasiyla 3.91 ve 8.74 olarak bulunmuslardir. Uyum zamani
17.90 dakika, azami 6zgiil biiyiime hiz1 ise 0.3318 dakika™ olarak elde edilmistir. Bununla birlikte uygulama arka
planda MC benzetimi yaparak model parametrelerinin standart hatalarmi, 95% alt ve st limitlerini de
hesaplamistir. Standart hatalarin parametre degerinden oldukga kiigiik olmasi parametrelerin istatistiksel olarak da
anlamli oldugunun gostergesidir. Dikkat edilecek olursa alt ve iist limitlerin simetrik olmadigi anlagilacaktir. Bu
dogrusal olmayan regresyonun dogal bir sonucudur. Ornegin uyum zamani 17.90 dakika olarak bulunurken %95
alt limit 1.70 eksigiyle 16.20 dakika olarak, %95 st limit ise 1.10 fazlasiyla 19.00 dakika olarak hesaplanmustir.
Bunun anlami sudur elde edilen parametre degeri yani 17.90, %95 ihtimalle 16.20 ile 19.00 arasindadir. Diger bir
deyisle bu aralikta olmama ihtimali sadece %5 tir!

OK-BUZ GRoFiT X

| R B T L

KONYA KONYA
GIDA VE TARIM
UNIVERSITY UNIVERSITESI
2m3
Created b
Lutfen bekleyiniz. Sonuclan elde etmek ki
yaklagk 40sn stirecektir! Sencer BUZRUL
Hasan Basri OKSUZ

Figure 6. Remark indicating the process is in progress
Sekil 6. Islemin devam ettigini belirten uyart

A B C D G H 1 J K L M o P Q R

N ~ ~ x ~ ~ ~ ~ - ~ ~
1 [siire [log,,N Model Farklarin Karesi Parametreler Parametre Degerleri Standart Hata %95 Alt Limit %95 Ust Limit Model Uyum Gostergeleri

] ~ ‘
2 0 3.8800 3.9138 0.0011 logyoN, 3.91 0.05 3.82 4.02 RMSE 0.0923

~ ‘
3 0 3.9500 3.9138 0.0013 1083oN maks 8.74 0.05 8.62 8.85 R 0.9983
~ ‘
4 0 3.9100 3.9138 0.0000 Hmaks 0.3318 0.0145 0.3110 0.3645 Ayarh R 0.9981
5 5 3.8900 3.9187 0.0008 A | 17.90 1.01 15.94 19.82
6 5 3.9900 3.9187 0.0051
7| 5 4.0000 3.9187 0.0066
8 | 10 3.9000 3.9433 0.0019 Baranyi Model BK-BUZ GRoFiT X
9 | 10 3.9500 3.9433 0.0000
10| 10 3.9400 3.9433 0.0000 :| Uygs 1| T Goven Araliy
11 15 4.0500 4.0537 0.0000
12| 15 4.0000 4.0537 0.0029
13| 15 4.0400 4.0537 0.0002 KOWVA KOHYA
£000 & AGRICULTURE

14| 20 4.5100 4.3920 0.0133 UNIVERSITY UNIVERSITESI
15 20 4.3000 4.3920 0.0085 ® Deneysel Veri 203
16| 20 4.2700 4.3920 0.0149 Model | slem tamamiand S:ce::zl;;u
17| 30 5.6900 5.6653 0.0006 e o o S
18| 30 5.5700 5.6653 0.0091
19| 30 5.7100 5.6653 0.0020
20| 40 7.3400 7.0893 0.0628
21 40 7.1200 7.0893 0.0003
22| 40 7.1300 7.0893 0.0017

Figure 7. Results of the Baranyi model
Sekil 7. Baranyi modelinin sonuclari

Model uyum gostergelerine bakildiginda yiiksek ve 1’e yakin R? (0.9983) ve ayarli R? (0.9981) ile diisiik ve
0’a yakin RMSE (0.0923) degeri oldugu goriilebilir. Bu da modelin veri i¢in olduk¢a uygun oldugunu
gostermektedir. Bu uyum grafikten de gorsel olarak anlagilabilmektedir (Sekil 8). Dahasi grafik {izerinde
gosterilen %95 giiven araliklari modelin uyumunu dogrulamaktadir. Model (kirmiz1 diiz gizgiler) %95 ihtimalle
kesikli siyah ¢izgilerle gosterilen giiven araliklarinin igerisinde olacaktir.
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B s c ) s H 1 J K L ™M o P Q R
9 « ~ : L ~ ~ N T « U ~ 1 1
1 |siire|log,oN Model Farklarin Karesi Parametreler Parametre Degerleri Standart Hata %95 Alt Limit %95 Ust Limit Model Uyum Gostergeleri
)
2| o 3.8800 3.9138 0.0011 108:oNo | 3.91 0.05 3.82 4.02 RMSE “0.0923
| “ .
3| 0 3.9500 3.9138 0.0013 10810N maks 8.74 0.05 8.62 8.85 R 0.9983
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Figure 8. Demonstration of 95% confidence limits on the graph for the fitted in Figure 7
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Sekil 8. Sekil 7°de uygulanan modelin grafik iizerinde %95 giiven araliklarimin gésterilmesi
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Figure 9. Results of the Gompertz model
Sekil 9. Gompertz modelinin sonuclar
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Figure 10. Results of the three phase linear (TPL) model
Sekil 10. U¢ fazl dogrusal (UFD) modelin sonuclar..

3.2. Ayni veri setine farkli modellerin uygulanarak karsilastirilmasi

Bu boliimde ayni veri setine arag¢ igerisinde yer alan diger modellerin uygulamisi ve karsilastirilmasi
gosterilecektir. Sekil 4’te gosterilen verilere Gompertz ve UFD modellerinin uygulanmasi neticesinde sirasiyla
Sekil 9 ve Sekil 10°da gosterilen sonuglar elde edilmistir. Uygulanan her {i¢c modelin RMSE degerine bakildiginda
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[RMSE degeri en dnemli ve en dogru model uyum gostergesidir (Ratkowsky, 2004)] en diisiik olan Gompertz
modelidir. Dolayisiyla bu veri seti icin en uyumlu sonuglar sirastyla Gompertz, Baranyi ve UFD modelleridir.
Ancak bu siralama farkl veri setleri icin degisecektir. Her ii¢c modelin parametre degerleri karsilastirildiginda
birbirlerine yakin logioNo ve logioNmaks degerleri elde edildigi goriilebilir (Sekiller 8, 9 ve 10). Ote yandan
Gompertz modelinin en yiiksek 1 ve umaks parametrelerini elde ettigi goriilmiistiir. Aslinda bu durum Gompertz
modeli i¢in hep elestiri konusu olmustur (Dalgaard, 1995; McKellar ve Knight, 2000; Membré ve ark., 1999;

Whiting ve Cygnarowicz-Provost, 1992). Dolayisiyla son yillarda Baranyi modelinin yayginlagsmasinda ve
Gompertz modelinin 6niine gegmesinde bu elestirilerin onemli bir katkisi olmustur.

3.3. OK-BUZ GRoFiT uygulamasimn iicretli bir yazihimla karsilastirilmast

Uygulamanin her ii¢ model igin de iicretli bir yazilim olan SigmaPlot (Versiyon 12.0) programu ile farkli veri
setleri (toplamda 20 farkli veri seti denenmistir.) igin karsilastirilmasi yapilmistir. Sonuglar gostermektedir ki
parametre degerleri ile model uyum gostergeleri (R2, ayarli R? ve RMSE) birebir aynidir ve bu sasirtic1 degildir
¢linkii SigmaPlot programi da Excel ¢oziicii de farklarin (ya da artiklarin) karelerinin toplamini en aza indirgemeye
calisarak parametre degerlerini elde etmektedirler. Ancak, SigmaPlot Marquardt-Levenberg algoritmasini, Excel
¢oziicl ise genellestirilmis-azaltilmis fark yontemini kullanarak bunu gergeklestirmektedir. Yani, Excel ¢oziicii
uygulamasi ile dogrusal olmayan regresyon yapmak ve diger parali yazilimlar ile aym1 sonucu elde etmek
miimkiindiir (Yurdakul ve ark., 2020) fakat SigmaPlot programinda parametrelerin standart hata degerleri OK-
BUZ GRoFiT’e gore daha diisiik hesaplanmistir (gdsterilmeyen sonuglar). Bunun nedeni ise standart hata
hesaplamasinda OK-BUZ GRoFiT uygulamasimin MC benzetimi yapmasi SigmaPlot programinin ise varyans-
kovaryans matriksini kullanmasidir. Ancak, dogrusal olmayan modellerde bu yontemin kullanilmas1 standart
hatalarin oldugundan daha az hesaplanmasina yol acacaktir (Geereard ve ark., 2005). Bu da SigmaPlot
programinin neden daha diisiik parametre standart hatalarini hesapladigimi agiklamaktadir. Ayrica OK-BUZ
GROFiT uygulamasi ile parametrelerin %95 alt ve iist limitleri de elde edilebilirken SigmaPlot bu degerleri
vermemektedir. Yine de kullanicinin bunu hesaplamasi miimkiindiir. Ancak unutulmamalidir ki bu hesaplama
simetrik olacaktir. Yani, parametre degeri + giiven araligi seklinde hesaplanabilecektir. Fakat yukarida da
deginildigi gibi dogrusal olmayan regresyonda giiven araliklar1 simetrik olmayacagindan OK-BUZ GROFiT
uygulamasinin MC benzetimi sonucu elde ettigi parametre {ist ve alt limitleri SigmaPlot uygulamasina gore
avantajl goriinmektedir.

SigmaPlot programinin OK-BUZ GRoFiT e gére avantajli yani ise parametrelerinin istatistiksel olarak anlamli
olup olmadigini gdsteren p-degerini de hesaplamasidir. Ancak, OK-BUZ GRoFiT uygulamasinda parametre
degerine ve ilgili parametre degerinin standart hatasina bakarak da o parametrenin istatistiksel olarak anlamli olup
olmadigin1 az ¢ok tahmin etmek miimkiindiir. Ornegin parametre degerinin %20’sinden daha fazla bir standart
hata degeri, ilgili parametrenin istatistiksel olarak anlamsiz olabilecegini gostermektedir (Motulsky ve
Christopoulos, 2003).

4. Sonug¢

Bu calismada internetten iicretsiz olarak indirilerek kullanilabilen Excel tabanli OK-BUZ GROoFiT
uygulamasinin kullanimi gosterilmistir. Bu uygulama ile mikroorganizmalarin kapali bir ortamda (6rnegin bir
gidada) biiyiimeleri 3 farkli model ile tanimlanabilir. Parametre degerleri, bunlarin belirsizlikleri (standart
hata, %95 iist ve alt limitleri) ve model uyum gostergeleri bulunabilir.

Uygulamay1 kullamirken dikkat edilmesi gereken bazi hususlar bulunmaktadir. Ornegin en az 12-15 veriye
sahip her ii¢ evrenin de (uyum, bilylime ve durma) gézlemlenebildigi veri seti girilmelidir. Daha az veriye sahip
bir set girildiginde bile sonu¢ almak miimkiindiir. Ancak, bdyle bir durumda parametrelerin standart hatas1 yiiksek,
hatta bazen parametrenin kendisinden bile biiyiik ¢ikabilir ki bu istenmeyen bir durumdur. Dahasi, ayni veri setine
aynt modeli birden fazla uygulamak miimkiindiir. Bu uygulamalarin tamaminda model parametreleri ve model
uyum gostergeleri ayni ¢ikacaktir. Fakat parametrelerin standart hatalari ile %95 {ist ve alt limit degerleri farkli
cikabilir. Bu olduk¢a normal bir durumdur ¢iinkii OK-BUZ GROFiT her seferinde farkl1 bir MC benzetimi yaparak
bunlar1 hesaplamaktadir. Burada unutulmamasi gereken konu ¢ikan her bir sonug i¢in parametre degerlerinin %95
ihtimalle uygulamada hesaplanan {ist ve alt limit degerleri arasinda olacagidur.
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S6z konusu uygulamay1 kullanmak i¢in ileri diizeyde bir modelleme bilgisine sahip olmaya gerek yoktur. Az
da olsa Excel kullanimina agina olan hemen herkes bu uygulamay1 rahatlikla kullanabilir. Ayrica bu uygulama
sadece mikrobiyal biiyiime i¢in degil gida veya baska disiplinlerde yer alan S-seklindeki (rnegin kristalizasyon
kinetigi) tiim egrileri tanimlamak igin kullamilabilir. fleride, kullanicilardan gelecek olan yorumlar ile birlikte, yeni
bilylime modellerinin de OK-BUZ GRoFiT uygulamasima eklenmesi diisiiniilmektedir. Ayrica, uygulamanin
Ingilizce siiriimii icin de galismalarin baslatilmasi diisiiniilmektedir.

Tesekkiir

OK-BUZ GROFIiT yazilminin igerisindeki logo kullamimindaki ve uygulamanin web sitesine
yerlestirilmesindeki yardimlarindan dolay1 Zeki OZER e tesekkiir ederiz.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Yield and Water Use of Eggplant (Solanum melongena L.) Under Different Irrigation
Regimes and Fertilizers

Farkli Sulama Rejimleri ve Giibreler Altinda Patlicanin (Solanum melongena L..) Verim ve Su
Kullanim1

Mahmud ALI', Cafer GENCOGLAN? Serpil GENCOGLAN?, Ali Beyhan UCAK*

Abstract

This study was conducted i Bandirma (Balikesir, Turkey) during the growing season of the plant in 2017 and
2018 to determine the effect of four levels of irrigation water and three kinds of fertilizer on yield and water use
of field-grown eggplant (solanum melongena). Treatments included four irrigation regimes, which were 100%
(T100, control), 80% (Iso), 60% (Is0), and 40% (I40) of evaporation from Class A Pan and three different fertilizers,
which were chemical fertilizer CHF; N, P, K (20-20-20+15 SOs) added as 40 kg da! organic fertilizer (OF)
added as 2000 kg da! and developed organic fertilizer (DOF) added as 2000 kg da™'. Total irrigation water of
305 mm and 360 mm were applied to Iioo irrigation treatment, in which water use was determined as 447 mm
and 436 mm, respectively. In both experiment years, the effect of irrigation level on fruit yield was found to be
significant statistically (p<0.05) but the effect of fertilizers treatments and irrigation x fertilizer interaction was
insignificant (p>0.05). The highest yield with 3681and 4515 kg da! was harvested from I ¢ irrigation treatment,
and the lowest yield with 3021 and 2792 kg da™! from L4 irrigation treatment, respectively. As for fertilizer, the
highest yield with 3462 and 3878 kg da' was harvested from DOF, while the lowest yield with 3258 and 3629
kg da! from OF, respectively. Water use efficiency (WUE) ranged from 8.26 to 12.54 kg mm™' and irrigation
water use efficiency (IWUE) from 11.9 to 25.68 kg mm™ in the experimental years. Thus, in irrigation
programming, the Kcp3: 0.80 plant-pan coefficient and in fertilizer application, DOF is recommended for field-
grown eggplant.

Keywords: Chemical fertilizer, Drip irrigation, Eggplant, Organic fertilizer, Water-yield relationship
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Oz

Bu calismanin amaci, ii¢ farkli giibre ve dort farkli diizeydeki sulama suyu miktarlarinin patlican bitkisinin
verimine, kalitesine ve su-verim iligkisine etkisini belirlemektir. Arastirma, Bandirma kosullarinda 2017 ve 2018
yillarinda patlican bitkisinin yetisme sezonu boyunca yiiriitiilmiistiir. Calismada; 3 farkli giibre ve 4 farklh
sulama diizeyi kullanilmistir. Giibre konulari, kimyasal giibre CHF; N, P, K (20-20-20+15 SO3) 40 kg da’
olarak eklendi, organik giibre (OF) 2000 kg da’' olarak eklendi ve gelismis organik giibre (DOF) 2000 kg da!
olarak eklenmistir. Dort farkli sulama konusu ise A Sinifi Buharlasma Kabi’ndan olusan buharlagsmanin % 100
(T100, kontrol), %80 (Iso), %60 (Iso) ve %40 (Is0)'nin verilmesi seklinde olusturulmustur. Sulama suyu miktari
2017 ve 2018 yillarinda sirasiyla 122 - 305 mm ile ve 147 - 360 mm ve bitki su tiiketimi aragtirma 2017 ve 2018
yillart igin sirasiyla 264 - 447 mm ve 217 - 436 mmr g33 la degismestir. Arastirma sonucuna gore patlicanin
verim degerleri iizerine sulama suyu konusunun etk... ... iksel olarak 6nemli bulunmustur (P<0.05). Giibre
uygulamasi ve sulama konusu x giibre interaksiyonu etkisinin 6nemsiz oldugu belirlenmistir. Arastirmada en
yiiksek meyve verimi, 2017 ve 2018 yillarinda sirasiyla 3681 kg da’!' ve 4515 kg da’! ile Ii00 sulama konusundan,
en diisiik meyve verimi ise sirasiyla 3021 kg da’' ve 2792 kg da™! ile lso sulama konusunda elde edilmistir. Giibre
uygulamalarinda her sulama konusu igin en yiiksek verim 3462 ve 3878 kg da' DOF uygulamasinda ve en diisiik
verim ise 3258 ve 3629 kg da! OF giibre uygulamasmda elde edilmistir. Deneme yillarinda su kullanim
randamam (WUE) 8.26 ile 12.54 kg mm!, sulama suyu kullanim randaman1 (IWUE) ise 11.9 ile 25.68 kg mm!
arasinda degismistir. Bu nedenle sulama programlamasinda Kcp3: 0.80 bitki katsayisi ve DOF giibre
uygulamasinda yetistirilen patlican i¢in 6nerebiliriz.

Anahtar Kelimeler: Damla sulama, Kimyasal giibre, Organik giibre, Patlican, Su-verim iligkisi.
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1. Introduction

In our century, the world's population has been constantly increasing, agricultural lands and clean water
resources have been gradually decreasing, access to food and water will be more difficult for countries, and
agriculture will continue to be the most strategic sector of the two thousand years. In addition to providing basic
nutrients by agriculture, the production of fresh fruits and vegetables, in general, is of vital importance in terms
of supplying healthy nutrition. With the limited water resources availability in the Middle East and the rapid and
unplanned consumption of water in industry and agriculture in recent years, these existing resources are
threatened in terms of quality and quantity. Therefore, it is necessary to know the amount of water consumed by
cultivated crops for water resources sustainability. In this context, it is necessary to determine the water
consumption for eggplant and other vegetables that have a high economic and healthy value. Application of
deficit irrigation in crop production is an approach to save water in areas of water shortage and longer drought
during the production period to maximize water productivity. Deficit irrigation saves a large amount of irrigation
water and increases water use efficiency (Kirda, 2002). Kirnak et al. (2002) results show that eggplant can be
drip-irrigated with 8-day irrigation intervals at 80% of Class A Pan evaporation without decreasing yield but
with significant water savings and improve fruit quality compared to control. Diaz-Perez (2015) concluded that
eggplant tolerate moderate water stress, and plants irrigated at 67% ETc produced fruit yields similar to those of
plants irrigated at 100% ETc. So, there is a possibility to save water by decreasing current irrigation rates
without negatively affecting the fruit yields. Demirel et al. (2014) reported that yield reductions of 18.16 % and
27.13 % were observed under low and moderate water stress. It was observed that the highest average eggplant
fruit weight was in treatment exposed to full irrigation amount (100%). Kirnak et al. (2001) studied the effects of
irrigation regime on eggplant and observed that water stress led to a significant decrease in chlorophyll content,
leaf water content and vegetative growth, and fruit yield and quality. Chaves et al. (2003) concluded that crop
vegetative growth and yield decrease with increasing water stress. Lovelli et al. (2007) illustrated that eggplant
fresh yield ranged from 48.2 t ha-1 in kep:100%, to 11.4 t ha™! in kep:25%. Aujla et al. (2007) determined fresh
eggplant yields varying from 43.1 to 103.1 t ha'! in India. Mohawesh and Karajeh (2014) reported that water
deficit reduced the growth of eggplant components. The common cause of the reduced vegetative growth of
vegetables under water deficit conditions has been thought to be accelerated leaf senescence, as reported by
Kirnak et al. (2002). El-Miniawy (2015) concluded that irrigation using different irrigation regimes significantly
affected the eggplant vegetative growth parameters, i.e., plant height, number of branches and leaves, leaf area,
and fresh and dry weights of leaves. Among irrigation regimes, the highest plant vegetative growth characters
were observed in irrigation treatment after depletion of 70-75% of available soil water. Provided 509 mm of
irrigation water led eggplant to intercept 35% of the active light radiation. Therefore, applying irrigation water of
509 mm in semi-arid regions for eggplant production seems to be a more appropriate level for getting a higher
yield (Yildirim, 2015). Ertek et al. (2006) reported irrigation water values varied between 372 mm and 689 mm
for furrow irrigated eggplant in Turkey. Aujla et al. (2007) concluded that irrigation water amounts changed
between 413 and 826 mm for different treatments for drip-irrigated eggplant in India. The seasonal average ET
of drip-irrigated eggplant changed between 905 and 1375 mm by Kirnak et al. (2002) in the Harran plain of
Turkey and 719 mm and 1196 mm by Aujla et al. (2007) in India and 147 and 469 mm by Lovelli et al. (2007) in
Southern Italy and 150 and 590 mm by Karam et al. (2011) in the central Bekaa Valley of Lebanon, and furrow
irrigated between 420 mm and 689 mm by Ertek et al. (2006) in the Mediterranean region of Turkey. Karam et
al. (2011) founded the highest WUE value in the deficit irrigation treatment as 5.6 kg mm-1 in Lebanon.
Eggplant WUE increased under water stress conditions (Kirnak et al. 2002). Amiri et al. (2012) demonstrated
that WUE for eggplant varied from 4.36 to 11.6 kg mm-1; the highest amount of WUE was recorded in plants
irrigated every 6 days and received 120 kg nitrogen per hectare. Supplying plants with an optimum level of all
plant nutrients are primary for the production of top-quality fruit and good production levels (Hochmuth et al.,
1993). Nitrogen is one of the main elements for plant growth and development which plays an important role in
plant nutrition and thus, it is one of the factors that limit plant yield and growth in many areas. Nitrogenous
fertilizers often have mobility in soils, and they can contaminate soils and groundwater. And therefore,
management of N rate, type, application time is very important (DePascale et al., 2006). Rosati et al. (2001)
observed that by increasing nitrogen, leaf area index, light interception, and dry matter of eggplant increased.
Aminifard et al. (2010) studied the effect of four rates of nitrogen fertilizer on growth and yield of eggplant and
found that plant height, branch numbers, leaf chlorophyll content, flower number, fruit weight, and fruit yield
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were affected by nitrogen rate. El-Miniawy (2015) concluded that irrigation of eggplants after the depletion of
70-75% of the available soil water plus the application of 100 or 150 kg K>O feddan™ resulted in the highest
vegetative growth and yield of eggplant. De et al. (1996) concluded that increasing K application for eggplant
increased vegetative growth parameters, i.e., plant height and crop growth rate as well as dry matter
accumulation. Inorganic fertilizers are known as their high cost and their bad environmental effects if managed
poorly (Morris et al., 2007). In a certain experiment, the researchers found that using the organic application had
the potential to increase the growth and chemical composition of two cultivars of safflower and therefore, 1t may
be a good alternative to chemical fertilizers (Naderi and Bijanzadeh, 2014). Louisa and Taguiling (2016) resulted

that compost motivate plant growth parameters such as height, number of leaves, fresh weight of plant biomass,
and yield of eggplant (Solanum melongena). Organic fertilizer was obtained from microbial composting of
organic agricultural and domestic wastes. It was found that organic fertilizer application for eggplant 1t will be
superior to chemical fertilizers in terms of vegetative growth, fruit yield, and quality attributes. Organic fertilizer
slightly decreased the vegetative period and improved the yield components and total marketable fruit yield.
Organic fertilizer could be recommended as a complete alternative for chemical fertilizers in eggplant production
(Dinh Hoa, 2008). Mechanochemical activation can be defined as a process being able to induce structural
disorder through intensive grinding. In certain conditions, it may increase the chemical reactivity of the
processed material (Tole et al., 2019). Therefore, the objective of this study was to determine the effects of
different irrigation levels on the yield and quality parameters of the eggplant under field conditions using Class
A Pan evaporation calculations and different plant-pan coefficients and to study the effect of organic and
inorganic fertilizer on growth and yield of eggplant (Solanum melongena).

2. Materials and Methods

The experiment was carried out in Bandirma in a field located at 40° 16 '44.4252" North and 28° 4' 18.9552 "
Eastern latitudes and longitudes and its altitude is 41 m. The prevailing climate in Bandirma is the Mediterranean
Sea and the Black Sea. Besides, because it is located in the transition area of the terrestrial climate of the
Balkans, the average lowest and the highest temperature of 52-years are 5.3 °C and 23.9 °C with an annual mean
of 14 °C. Rainfall, wind speed, and relative humidity are 14 °C, 703.3 mm, 15 km h'!, and 73%, respectively
(Anonymous, 2017).

Disturbed and undisturbed soil samples belong to the experiment area were taken from 0-30, 30-60, and 60-
90 cm soil layers and then physical and chemical analyses were performed on these samples (7able 1). The pH
of soil ranged from 8§ to 8.1, EC 0.76 to 0.84 dS m!, organic matter %0.68 to %]1.2, total nitrogen %0.090 to
%0.097, phosphorus 1.44 to 1.69 kg da’!, potassium 59.8 to 83.8 kg da’!, and volume weight (As) 1.28 to 1.31 g
cm. The soil texture in the first layer (0-30 cm) is sandy clay; in the second layer (30-60 cm) sandy silt clay; the
third layer (60-90 cm) silty.

In experiment there is 36 parcels, parcel dimensions were 8 x 4.2 m = 33.6 m? The total area of parcels is
1209.6 m?. The distance between the rows in each parcel 70 cm, the distance between plants in the row is 40 cm.
In every row There are 20 plants the total plants in each parcel is 120 plants in. for avoiding interaction between
parcels 2 meters’ buffer zone was created, so the total area of the experiment was 2380.8 m?. Total number of
eggplant seedlings transplanted in the experiment area is 4320 seedling.

Irrigation water is pumped from the deep well near the experiment plot into a pool. Samples were collected
from the irrigation water and then analyzed. The class of irrigation water is determined as C3S1 (Table 2), so this
water is suitable for irrigation of eggplant as it was reported by Unliikara et al. (2010).

In the experiment, eggplant cv. Karnaz variety was used as experiment material.

Table 1. Some physical and chemical properties of soil at the experiment area

Sand Silt Clay
Profile EC OM Totatal P>0s K>0 As WP FC

em TH  wem' % N%  Keds' Ked' (gm?)  (P)  (Pw) UEENE
% % %
Sandy
030 80 076 120 009 169 838 128 204 3895 306 121 573 O
Sandy
30-60 8.1 082 097 0090 144 679 131 198 3872 307 160 33 Gt
60-90 81 084 068 0097 <07 598 128 203 39.015 286 160 554  silty

As; volume weight of soil, FC; field capacity, OM; organic matter, WP; wilting point.
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Table 2. Chemical properties of water used in irrigation

EC K* Ca™ Mg~ Na* CO;— HCOs Cr SO4— SAR RSC PS
PH us cm’! meL! meL"! meL! meL’! meL! me L me L me L meL’! meL’
7.3 1052 0.06 4.36 3.99 2.51 - 6.18 1.85 2.89 1.23s: - 3.295

SAR; sodium absorption rate, RSC; residual sodium carbonate, PS; potential salinity.

In the study, treatments were selected to the determinate effect of four different irrigation levels and three
different fertilizers on fruit yield, some vegetative growth indicators, and water yield relationship of eggplant.
Irrigation and fertilizer treatment was planned in the main and sub-parcels, respectively, and formed in a split
plots randomized block design with three replicates. Irrigation treatments were established with 100% (Iioo,
control), 80% (Iso), 60% (Is0), and 40% (I40) of the total amount of evaporated from Class A Pan when total
evaporation was 40 mm or more. Fertilizer treatments were organic fertilizer (OF) with 2000 kg da’!, developed
organic fertilizer (DOF) with 2000 kg da™!, and chemical fertilizer (CHF) with 40 kg da!, which was the control
for fertilizers. CHF, which was called compound fertilizers, contains major elements of N, P, K (15-15-15 + 20
S0O3). OF and DOF consists of 75% cow manure and 25% chicken manure, prepared in anaerobic fermentation
method The difference between Normal Organic fertilizer (OF) and developed organic fertilizer (DOF) is that
20% of developed organic fertilizer prepared by a mechanical activation process using a high energy ball milling
machine (Ibrahim et al., 2010). OF and DOF were granulated up to a grain size of 1 to 8 mm to make slow-
release organic fertilizers. In both organic fertilizers, OM content is 33%, the humic + fulvic content is 18.4%
and the pH is 7.4 (Table 3).

Table 3. Chemical properties of organic fertilizers (OF and DOF)
OM. Moisture ~ Humik+volvik ~ Total N P>0s K20
(%) (%) (%) (%) (%) (%)
7.4 329 10.7 18.4 1.88 2.04 1.2

PH

In both research years, the experimental area was tilled, plots were created, and fertilizers were applied, and
then fertilizer was mixed into soil by hoeing machine. After that, the drip irrigation system was installed,
eggplant seedlings were planted in the two research years on 02.06.2017 and 22.05.2018 according to the
experiment plan, and also to establish seedlings, irrigation of 50 mm was applied to all experimental plots. Then,
scheduled irrigations started based on the amount of evaporation from Class A Pan when the total evaporation
amount was equal to or more than 40 mm. The spacing between rows was 70 cm, the spacing within rows was
40 cm, and each parcel with 120 plants contained 6 rows, one of which has 20 plants. Plots size was 8 m x 4.2 m
(33.6 m?). The total number of the plots was 36, the space between the plots was 2 m, the total area of the
experiment was 2380.8 m%. Doing every irrigation before 24 hours, soil samples from layers of 0-30, 30-60, and
60-90 cm were taken by spiral auger method to determine the moisture content in the soil profiles and dried at
105° C in the oven for 24 hours. Evapotranspiration (ET) was calculated with the equation (Eq. 1) (Garrity et al.,
1982; James et al., 1982; Gengoglan et al. 2006, Demirel et al., 2012):

ET=1+P+DSW - Dp - Rf (Eq.1)

Where ET is the evapotranspiration (mm), I the amount of irrigation water applied (mm), P the precipitation
(mm), DSW the soil water content change (mm) in the 60 cm soil profile (effective rooting depth of eggplant),
Dp the deep percolation (mm), and Rf the amount of runoff (mm). Since the amount of irrigation water was
controlled, the runoff was assumed to be zero. Monitoring soil water content in the plots revealed that deep
percolation was negligible below 60 cm depth.

In the calculation of the amount of irrigation water, the method is given by Allen et al. (1998) was followed:
Crop evapotranspiration is calculated directly using Equation 2.

ETc= ch Epan (Eq 2)

Where ETc is the crop evapotranspiration (mm), Kcp is the crop-pan coefficient and Epan is pan evaporation
(mm). Four crop-pan coefficients, Kepl = 0.40, Kcp2 = 0.60, Kep3 = 0.80 and Kcp4 = 1.00 were used to
determine response of eggplant to different level of water. For this aim, a screened Class A Pan (1210 mm in
diameter and 250 mm depth and made of Galvanized metal with 0.8 mm thickness) was located on a wooden
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base next to the experimental field, surrounded by vegetation but no shadowing (Doorenbos and Pruitt, 1977).
Daily evaporation was measured from Class A Pan at 09:00 using by hook gauge. The water level in the pan was
kept between 150 - 200 mm, whenever the water level in the pan dropped below 150 mm; the pan was again
filled with water up to 200 mm. The daily pan evaporation was calculated by subtracting the hook gauge
measurement values from the previous day to the next day. Daily pan evaporation was added and when
cumulative pan evaporation was 40 mm and more, irrigations started. The amount of irrigation water was
calculated from Equations 3 and 4.

[=ETc fw (Eq. 3)
V=1A (Eq. 4)

Where fw is the wetting factor, V is the volume of irrigation water applied to irrigation plots (L), and A is the
plot area (m?). Eq. (5) was used in the determination of the wetting factor according to plant coverage (Ertek and
Kanber, 2003).

fur =

Where: (a); plant canopy diameter (cm), (b); row spacing (cm).

(Eq. 5)

[ =1

Plant canopy diameter (a) was taken before every irrigation from the average of 5 plant diameter in each
irrigation treatment. Water-use efficiency (WUE) and irrigation water-use efficiency (IWUE) values were
calculated as fresh eggplant fruits yield divided by seasonal ET and total seasonal irrigation water applied,
respectively (Tanner and Sinclair, 1983; Howell et al., 1990). Regression analysis was used to determine
production functions for eggplant yield versus I and ET. Marketable eggplants were hand-harvested five times
and weighed from August 9™ to October 5" in the first season and from July 19™ to September 12 in the second
season. After the last fruit harvest, removing them from the soil with their roots and cleaned from the soil, all the
plants in each parcel were weighed.

Analysis of variance was performed on yield and plant fresh weight, 5% level of significant difference (LSD
at P<0.05) was used in ANOVA to test the effect of irrigation and fertilizers treatments on different response
variables (Steel and Torrie, 1980).

3. Results and Discussion
3.1. Applied irrigation water (I) and evapotranspiration (ET)

In two growing season, total pan evaporation was measured as 579 and 599 mm, and precipitation were 143
and 86 mm, and treatments were irrigated 12 and 13 times (7able 4). Total amounts of applied irrigation water
changed between 122 and 305 mm in 2017, and between 147 and 360 mm in 2018 The differences in irrigation
water between the two experiment years related to the differences in precipitation (7able 4). Evapotranspiration
ranged from 264 to 447 mm in the first year and 217 mm to 436 mm in the second year (Table 4). The relations
between irrigation I, evapotranspiration ET and yield were defined respectively as Y = 3.6*1 + 2575, Y = 8.2*] +
1683, Y = 3.6*ET + 2064, Y = 8.0003*ET + 1144. Significant linear relationships were obtained between the
irrigation water (I, mm) and evapotranspiration (ET, mm) versus eggplant yield for irrigation treatments (P <
0.05) (Figure I). It can be concluded that as the amount of irrigation water and ET value increased from I to
Lioo, the yield of eggplant fruits increased, and also the seasonal evapotranspiration (ET) increased with the
increasing amount of irrigation (I). Ertek et al. (2006) reported that the amount of irrigation water ranged from
372 to 689 mm, while the average plant water consumption values vary between 420 and 689 mm. Ayas (2017)
concluded that irrigation water and evapotranspiration of eggplant ranged from 85 to 464 mm 170 to 472 mm.
Senyigit et al. (2011) found the amount of the applied irrigation water and evapotranspiration (ET) ranged
between 95.2 and 238.7 mm, and from 93.1 to 466.3 mm in the greenhouse. Colak et al. (2017) reported that the
total amount of the applied irrigation water changed between 243 mm and 495 mm among the surface drip-
irrigated treatments and it varied from 228 mm to 446 mm in the subsurface drip plots. He found that
evapotranspiration (ET) of eggplant was between 339 and 543 mm in surface drip system treatments and 306 and
495 mm in subsurface drip system treatments. Lovelli et al. (2007) found that eggplant evapotranspiration (ET)
varied from 339 to 543 mm and from 306 to 495 mm in surface drip and from 306 to 495 mm in subsurface drip
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treatments, respectively. The results were obtained by Ayas (2017), Colak et al. (2017), and Senyigit et al.
(2011) are compatible with this research results. However, the results obtained by Ertek et al. (2006) are
somewhat different due to different irrigation management and climatic conditions in the research area. About
the effect of fertilizer on ET, no effect has been noticed, because the same amounts of water have been applied to
all fertilizer treatments in every irrigation treatment depending on Class A Pan evaporation.

2017 o1 mEt 2018 ol mEt
4700 | Y=359511+25747 oo |
o 470 Rioes! o 4o
= ;=2 +
S, 4200 |y =33951Et+20642 S 400
=, R?*=0.9986 &,
= 3700 - - N J
3 3700 g 30 y=8.20991+1683.1
= N -
] . R?=0.9705
g 3200 g 3200 y=8.0003Et+1144.2
Mo ) R2=0.9744
2700 : : : . B 2700 . : 4
100 200 300 400 500 100 200 300 400 500
Irrigation water and evapotranspiraton Irrigation water and evapotranspiraton (mm)
(mm)

Figure 1. Yield and irrigation water and evapotranspiration relationship (2017-2018)

Table 4. Applied irrigation water amounts and calculated evapotranspiration in irrigation plots

2017 2018
Irr. Lo Iso Iso Thoo P ET Lo Tso Iso Thoo P ET

no. | (mm) (mm) (mm) (mm) (mm) (mm)| (mm) (mm) (mm) (mm) (mm) (mm)
1 5.0 5.0 5.0 5.0 0 47 5.0 5.0 5.0 5.0 48
2 2.7 4.1 537 8 0 97 229 343 457 571 2753 40
3 6.31 94 1214 156 590 42 3.60 540 720 9.00 1.5 68
4 711 108 144 18 0 47 860 1290 1720 2150 169 43
5 8.5 129 172 21.49 0 50 9.60 1440 1920  24.00 42
6 11 182 2571 3214 216 42 | 1130 17.00 2260 2830 44
7 12 18.0 2402 3002 6.8 40 | 12,60 1890 25.10 31.40 72
8 11.8  17.8 2377 29.71 0 41 | 1440 21.60 2880 36.00 42
9 124 193 2577 3221 0 45 | 1490 2230 2970 37.10 40
10 15 226 3085 3857 376 40 | 1600 24.00 32.00 40.00 40
12 15 223 2971 37.14 0 40 | 1680 2520 33.60 42.00 3985 40
12 15 223 2971 3714 179 48 | 1600 24.00 32.00 40.00 40
13 16.00 2400 32.00 40.00 40
Top. | 122 183 244 305 1429 579 | 147 218 289 360 86 599

3.2. Fruit yield

Plants flowered about one month after planting and the fruit was harvested five times from 09 August 2017
to 05 October 2017 and from 19 July 2018 to 12 September 2018. In both years, the highest fruit yields were
obtained from Iigo irrigation treatment with 3681 and 4515 kg da’' followed by Iso (3440, 4203 kg da™!) and Ieo
(3227, 3546 kg da’') while the lowest yield was 3021 and 2792 kg da™! harvested from Iso irrigation treatment,
respectively. In the fertilizer treatments, the highest yields were harvested from DOF with 3462 and 3878 kg da’
!, in both seasons respectively followed by CHF with 3307 and 3784 kg da’' while the lowest yield was 3258 and
3629 kg da’! from OF, respectively as seen in Figure 2.

The effects of irrigation levels on yield were found to be statistically significant (P<0.05) and the LSD test
formed the average yield of 3 groups. In the rank, lioo and Iso were first in group A so Iso irrigation level would
be recommended to eggplant producer where water consumption is lower and at the same time they were in the
same level of yield, Iso second in group B, and I third in group C. It was found to be insignificant (P> 0.05) for
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fertilizer treatment and irrigation x fertilizer interaction (7able 5). The reason why the eggplant yield varied in
experimental years is the difference in the previously cultivated crops and weather conditions.

The results showed that as the amount of irrigation water increased the eggplant yield increased (Figure 1).
On the other hand, among the fertilizer treatments, the highest fruit yield of eggplant was harvested from DOF
(Figure 2), the reason for this is that DOF fertilizer is developed and activated in a way that makes nutrients
more easily available and absorption by the plant (Ibrahim et al., 2010; Tole et al., 2019). These results coincide
with that obtained by Aujla et al. (2007) who found that fruit yield of eggplant had a positive response to the
increase of nitrogen fertilizer under different irrigation levels. Amiri et al. (2012) concluded that the influence of
irrigation on fruit yield was found significant and higher than the influence of N fertilization and he found
among all treatments, irrigation in 6 days interval and application of 120 kg N ha™! had the highest fruit yield
(51.12 ton ha!). Gaveh et al. (2011) demonstrated that total marketable yield in the season increased with
increasing irrigation. Kirnak et al. (2001) demonstrated that water stress resulted in a reduction of fresh fruit
yield and fruit size of the eggplant. Also, Senyigit et al. (2011) reported that the highest yield was obtained from
full irrigation treatment and 10% reduction of full irrigation amount. Gaelen (2012) demonstrated that the
highest yield (3154 kg da!) was at full irrigation and the lowest yield (1321 kg da™') at no irrigation. In other
eggplant studies, Karam et al. (2011) reported eggplant yields varying between 13.4 and 33.8 t ha™! for full and
deficit irrigation regimes and Ertek et al. (2006) found that the yield of eggplant fruits ranged between 1010 and
2114 kg da™! and Lovelli (2007) reported that eggplant yields varying between 11.4 t ha! at kcp: 0.25 and 48.2 t
ha'at kep: 0.1. Yenigiin and Erdem (2019) found that the yield of eggplant fruits ranged between 2180 and 4760
kg da’! . As aresult, deficit irrigation reduces the yield of eggplant (English, 1990; Pereira et al., 2002; Karam et
al., 2006; Fereres and Soriano, 2007).

As a result, deficit irrigation reduces the yield of eggplant (English, 1990; Pereira et al., 2002; Karam et al.,
2006; Fereres and Soriano, 2007). All these results are consistent with the results of this research but the changes
in yield were due to the difference in irrigation management, soil, eggplant varieties, and climatic conditions.
Overall, the result of most studies 'related to eggplant productivity, morphological, and physiological responses
under water-conditions limited' showed reductions in fruit yield, quality, and plant vegetative development.

Table 5. Eggplant fruit yield (kg da’')

Year 2017 2018

Treatment T40 | ) Iso T1oo Average T4 ) Igo Tioo Average
of fer. of fer.

DOF 3128 3403 3604 3714 3462 2928 3678 4312 4593 3878

CHF 2999 3111 3424 3693 3307 2727 3611 4218 4579 3784

OF 2937 3168 3203 3635 3258 2722 3340 4079 4375 3629

Average of 30510 3pp700 34400 3681 279200 3546®  4203@  4515@

1rrigation

LSD (0.05) 267 233

m DOF CHF OF
5000

4000

3000
2000
1000

0

140 160 I80 1100 140 160 180 1100

2017 2018
[rrigation treatment
Figure 2. Eggplant fruit yield harvested from irrigation and fertilizer treatment

Eggplant fruit Yeild (kg da ')
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3.3. Water use efficiency (WUE) and irrigation water use efficiency (IWUE)

WUE and IWUE changed depending on irrigation levels and as the amount of irrigation water increased in
general, the WUE and IWUE decreased (7able 6). As it presented in Table 6, in both year, the highest WUE
obtained from I4o as 11.44 and 12.87 kg mm™!, respectively and followed by Iso (9.93 and 12.14 kg mm™') and Iso
(8.91 and 11.52 kg mm™") while the lowest WUE from Tioo as 8.23 and 10.36 kg mm!, respectively. The highest
IWUE in both seasons obtained from 4o as 24.76, 18.99 kg mm™!, respectively, and followed by Iso (17.65 and
16.27 kg da!) and Iso (14.10 and 14.54 kg da!) while the lowest IWUE from Iioo as 12.07and 12.54 kg mm,
respectively.

Even though the highest irrigation water was applied to the lioo treatment, that's IWUE and WUE value was
the lowest. On the other hand, in the l4 treatment applied the lowest irrigation water, the values of IWUE and
WUE were higher. Aujla et al. (2007), Lovelli et al. (2007), and Karam et al. (2011) concluded to be the highest
WUE value with 11.9 kg mm™, 10.3 kg mm™" and 5.6 kg mm™! in the limited irrigation application, respectively.
Ayas (2017) found to be maximum both WUE and IWUE values with 9.48 kg mm™ and 13.14 kg mm™' from
Kcp4: 0.25 treatments.

The results of this experiment are similar to those given above. Kirnak et al. (2002) found increased WUE
values under water stress conditions for eggplant. The higher WUE of plants under stress conditions is because
stressed plants wilt far more than unstressed plants and wilting invariably occurs in times when the saturation
deficit of the atmosphere is large (Bloch et al., 2006).

Generally, it could also be observed that as the eggplants were exposed to water stress, the water use
efficiency of eggplants increased. The lowest amount of water applied (I40) recorded the highest WUE value,
whereas the highest amount of water applied (lioo) resulted in the lowest WUE values in that order. The
phenomena whereby water-stressed plants give the higher WUE indicates that as the crops are exposed to water
stress there is high dry matter accumulation in the fruit. According to Birhanu and Tilahun (2010), this
observation can be attributed to the fact that as total plant biomass decreases with water stress level, fruit dry
matter increased, hence there is an increase in water use efficiency when water stress level increases. It was
found that the highest WUE and IWUE was in DOF followed by CHF and OF. The reason for higher WUE and
IWUE in DOF plot was that DOF increased eggplant yield (Figure 3).

Table 6. Irrigation amount, water requirement water, and irrigation water use efficiency

2017 2018
Irrigation I ET IWUE WUE I ET IWUE WUE
treatment (mm) (mm) (kgmm?) (kgmm) (mm) (mm) (kgmm?!) (kg mm?)
Lo 122 264 24.76 11.44 147 217 18.99 12.87
T60 183 325 17.63 9.93 218 292 16.27 12.14
Iso 244 386 14.10 8.91 289 365 14.54 11.52
Tioo 305 447 12.07 8.23 360 436 12.54 10.36
30 R WUE mIWUE
25 (
20

10
0 L

140 160 1I80 I100 I40 1I60 I80 I100

2017 2018
Irrigation treatment

Figure 3 Effect of irrigation level on WUE and IWUE

IWUE, WUE (kg mm!)
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3.4. Plant fresh weight (PFW)

At the end of the growing season after the last harvest the plant fresh weight was determined, the highest
PFW was obtained from i irrigation treatment as 4216 and 3906 kg da! in 2017 and 2018 respectively,
followed by Igo as 4117 and 3788 kg da’! then Iso as 3775 and 2953 kg da™! while the lowest PFW was obtained in
two years with 3118 and 2548 kg da™' at I4 irrigation treatment, respectively as it presented in Table 7. For the
effect of fertilizer treatment on PFW in every irrigation treatment, the highest was at DOF fertilizer treatment
and the lowest was at OF fertilizer treatment as seen in Figure 4.

The effect of irrigation treatments on plant fresh weight values was statistically significant (P<0.05).
According to the LSD test, it was in 3 groups, lio0 and Iso in group A, Ieo in group B, and I in group C in both
seasons. This may be due to the role of water in translocation of photosynthetic assimilates (Inalpulat et al.
2014), thus reflected increases in most of PFW, or due to the depression effect of soil dryness on leaves
formation, function, and growth development. It was found to be insignificant for fertilizer treatment and
irrigation x fertilizer interaction (P> 0.05). Bafeel and Moftah (2008) suggested that the negative effect of
drought stress on the yield and its components may be related to the decrease in vegetative growth. Abdrabbo et
al. (2017) reported that the highest plant fresh weight was 1399 g plant™ at I;o irrigation treatment, also Ozbek
and Kaman (2017) stated the highest plant fresh weight was 1285.5 g/plant at lioo irrigation treatment. The
results observed from this research is in agreement with those researches result.

Table 7. Some plant growth and fruit variables result
Year 2017 2018

Irrigation treatment Too Iso Iso L4o Too Iso Iso L4o
Plant fresh weight (kg da™)  4216®  4117®  3775® 3118 3906@ 3778@ 2953 2548

EDOF WOF WCHF

5000
= 4500
i:‘u 4000
£ 3500
£ 3000
on
S 2500
2 2000
£ 1500
Z 1000
£ 500
0
140 160 180 1100 140 160 180 1100
2017 2018

Irrigation treatment

Figure 4. Effect of irrigation level and fertilizers on Plant Fresh weight

4. Conclusions

Under Bandirma climatic conditions in 2017-2018 growing years, in four irrigation levels applied by drip
irrigation method, and three fertilizers, it was significant differences between the irrigation treatments in yield
and plant fresh weight (P<0.05). But no significant differences were found between lioo and Iso treatments in
yield and plant fresh weight in two experiment years. The data obtained from Ii00 and Iso treatments were taken
place in the same group by LSD test and IWUE was higher in Igo (14.54 kg mm), therefore we can say Iso most
suitable irrigation program for eggplant. No significant effect noticed between fertilizers treatments in two
experiment years (P>0.05), nevertheless, it can be said that chemical fertilizer can be replaced by developed
organic fertilizer because the highest yield was obtained from DOF fertilizer treatment, at the other side to
avoiding the health and environmental damage of chemical fertilizer.
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Investigating of Some Agricultural and Quality Traits of Advanced Barley (Hordeum
vulgare L.) Lines

[leri Kademe Arpa (Hordeum vulgare L.) Hatlarmin Baz1 Tarimsal ve Kalite Ozelliklerinin
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Abstract

To meet the increasing raw material demand of the livestock and food sectors in our country is a need for new
high-quality barley varieties that have a short vegetation period, resistance to lodging, homogeneous and plump
grain, high grain and biomass yield, and compatible with the climate of the Central Anatolia Region. To meet this
need, it was aimed to determine the appropriate lines by comparing 18 advanced barley lines belonging to the
Transitional Zone Agricultural Research Institute with the standard varieties widely grown in the region. The trials
were carried out in two locations, Eskisehir Center and Hamidiye fields of the Transitional Zone Agricultural
Research Institute in the 2017-2018 crop year, in rainfed conditions. The trials were set up as a randomized
complete block design with 4 replications in Eskigehir and 3 replications in Hamidiye. In the study, grain yield,
days to heading, plant height, lodging score, thousand-grain weight, plump grain ratio, grain protein, and beta-
glucan ratio properties of the breeding material were investigated. According to the results of the analysis of
variance by combining the location averages, the differences between genotypes in all parameters except the beta-
glucan ratio were found to be statistically significant. In the study were obtained that grain yield is between 4.56-
6.67 tha!; days to heading are between 115.4 - 124 days; plant height is between 81.6-101.4 cm; lodging score is
between 0-100%; thousand-grain weight is between 35.7-47.4 g; the plump grain ratio is between 52.0-94.3%;
grain protein content is between 10.05-12.75%; B-glucan values are between 3.67-4.33% were obtained. Also, in
the correlation analysis, a negative relationship was found significant between grain yield and days to heading,
lodging score, and protein content characteristics, while a relationship was found significant to be positive with
the plump grain ratio feature. When all the parameters are evaluated together, it is seen that lines 8, 11, 13, 14, 18,
and 22 stand out as candidates for variety.

Keywords: Barley, Grain yield, Correlation, Quality, Selection

t*Sorumlu Yazar/Corresponding Author: Ali Cevat SONMEZ, Gegit Kusagi Agricultural Research Institute, Ziraat St. No:396 Tepebast, Eskischir, Turkey E-

mail: alicevat.sonmez@tarimorman.gov.tr OrcID: 0000-0002-9818-2660

Atif/Citation: SONMEZ A.C. Investigating of Some Agricultural and Quality Traits of Advanced Barley (Hordeum vulgare L.) Lines. Tekirdag Ziraat Fakiiltesi
Dergisi, 18 (3), 545-556.

©Bu galigma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisans1 (https://creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yaymlanmistir. Tekirdag 2021

545



Sonmez
Investigating of Some Agricultural and Quality Traits of Advanced Barley (Hordeum vulgare L.) Lines

Oz

Ulkemizdeki hayvancilik ve gida sektrlerinin giderek artan hammadde talebini karsilamak icin Orta Anadolu Bélgesi
iklim kosullarina uyumlu vejetasyon siiresi kisa, yatmaya dayanikli, homojen ve dolgun taneli, yiiksek tane ve biyomas
verime sahip kaliteli yeni arpa gesitlerine ihtiyag vardir. Bu ihtiyac1 gidermek amaciyla Gegit Kusagi Tarimsal
Arastirma Enstitlisii ‘ne ait ileri kademe 18 adet arpa hatt1 bolgede yaygin olarak yetistirilen standart cesitlerle
kiyaslanarak uygun hatlarin belirlenmesi hedeflenmistir. Denemeler 2017-2018 iiriin yilinda yagisa bagimh
kosullarda Gegit Kusag1 Tarimsal Arastirma Enstitiisii *niin Eskisehir Merkez ve Hamidiye deneme arazileri olmak
iizere iki lokasyonda yiiriitiilmiistiir. Denemeler tesadiif bloklar1 deneme deseninde Eskisehir de 4 tekerriirlii ve
Hamidiye de ise 3 tekerriirlii olarak kurulmustur. Arastirmada 1slah materyalinin tane verim, basaklanma siiresi,
bitki boyu, yatma degeri, bin tane agirlig1, dolgun tane orani tane protein ve beta-glukan orani 6zellikleri incelenmistir.
Lokasyon ortalamalar1 birlestirilerek yapilan varyans analizi sonuglarina gore beta-glukan orani disinda tim
parametrelerde genotipler arasindaki farkliliklar istatistiksel olarak anlamli bulunmustur. Denemede ortalama
olarak tane verim 4.56-6.67 t ha™! arasinda; basaklanma siiresi 115.4-124 giin arasinda; bitki boyu 81.6-101.4 cm
arasinda; yatma degeri % 0-100 arasinda; bin tane agirhigi 35.7-47.4 g arasinda; dolgun tane orani %52.0-94.3 arasinda;
tane protein igerigi % 10.05-12.75 arasinda; B-glukan orani ise % 3.67-4.33 arasinda elde edilmistir. Ayrica yapilan
korelasyon analizinde tane verim ile basaklanma siiresi, yatma degeri ve tane protein oran1 6zellikleri arasinda olumsuz
iliski anlamli goriiliirken, dolgun tane orami 6zelligi ile olumlu ve Gnemli bulunmustur. Tiim &zellikler birlikte
degerlendirildiginde 8, 11, 13, 14, 18 ve 22 nolu hatlarin ¢esit aday1 olarak 6ne ¢iktiklar1 goriilmiistiir.

Anahtar Kelimeler: Arpa, Tane verim, Korelasyon, Kalite, Seleksiyon
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1. Introduction

Barley (Hordeum vulgare L.) is one of the first plants to be domesticated by humanity (Smith and Nesbitt,
1995) and continues to play an essential role in modern agriculture today (Harwood, 2019). Although barley is
mostly consumed as animal feed in our country, a little remaining of it is also used for malt production. Also, its
use as a functional food is gradually increasing due to its content of dietary fibers, proteins, B-glucan, and
arabinoxylan, which have a positive effect on human health (Baik and Ulrich, 2008; Ké&ten et al., 2013).

The animal feed raw material production is inadequate in Turkey and was 3.9 billion USD paid for import in
2018 (Ozkan, 2020). Increasing barley production will play an important role in meeting this need and reducing
imports. Turkey is a significant barley producer with 8.3 million tons (Anonymous, 2021a) produced in 2020, 5.3%
of the world production (Anonymous, 2021b), which was 156.4 million tons in total, was realized. Due to the
development of animal husbandry and the fact that barley is earlier maturing than wheat, barley production is
increasing as the first crop in areas where two crops can be grown per year (Oztiirk et al., 2007). Lodging is one
of the factors that cause crucial yield and quality loss in barley during the years when rainfall is high and these
losses can be prevented by using durable cultivars (Sonmez and Yiiksel, 2019). Plump grain size and homogeneity
are some of the traits desired by the malt industry and are taken into account in determining the barley price
(Sénmez et al., 2020).

The amount of precipitation falling in Central Anatolia regions and its distribution by months is quite variable.
For this reason, there is a need for varieties that have a limited decrease in grain yield and quality in years when
rainfall is low in the region, but that can increase yield and quality as much as possible when favorable conditions
are seen. The breeding of new barley varieties that meet the livestock and malt industry's quality criteria with high
yield potential will contribute to barley's enhancement production. Turkey 's first modern winter barley cultivar
Giizak24 was registered by Emcet Yektay at Transitional Zone Agricultural Research Institute (TZARI) in 1937
(Sonmez et al., 2017). Since then, many barley cultivars were registered in the ongoing breeding studies here
(Yiiksel et al., 2011). In this study, it is aimed to determine the lines with short vegetation periods, resisted to
lodging, plumped grain size, high grain yield, and quality by comparing the advanced barley lines of TZARI with
the varieties commonly grown in the region under rainfed conditions.

2. Materials and Methods
2.1. Plant materials, experiment site, and trial management

As the material, advanced barley lines belonging to TZARI were used, and the pedigrees of the lines and the
names of the standard varieties are given in Table 1.

Table 1. The pedigree of lines and the names of control varieties in the research

Genotype . . Genotype . q
Number Cultivar-Pedigree Number Cultivar-Pedigree
1 Ince-04 13 Cwb117-5-9-5/ST5819//Kalayci
2 Unver 14 Sonata/Cwb117-5-9-5//Cw117-77-9-7
3 Larende 15 Impact/Kalayci
4 Burakbey 16 Aydanhanim/ST5822
5 Tarm-92 17 Impact/Kalayci
6 Erginel-90 13 Qum//]246L1gnee/78saklz/3/4654perga/4376Umon//59TH/4/
Ozdemir-05
7 Narcis/Gk Omega 19 ZDM 1454/Zeynelaga
8 Clerine/Pompa 20 Gk Omega/Kalayc197
11th/P15-B27281//ST4652/TOK/3/
9 VEA389 3V EA4T4A 21 EFES-3/97-98DH4
10 3896 VTGX1- 15XCUM Somut//Zeynelaga 22 ST124/97-98DH4
1 Bolavir/Sonata 23 Ste/Antares//Viringa's/3/Angora/4/Sunrise/Ciho 15865
Y HOB8S8ID SD Ciho 15865 Azure/5/Aydanhanim/6/Tarm-92
12 YEA389-3/YEA475-4//97-98DH8 24 ST5807/Zeynelaga
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Field trials were established at TZARI Eskigehir Central campus (39° 46' 30" N, 30° 23' 44" E, Altitude 800
m) and Hamidiye Campus (39° 33' 24" N, 30° 54' 59" E, Altitude 900 m). The trials were carried out in rainfed
conditions during the 2017-2018 crop growing season, and the precipitation and temperature values of the trial
sites by months are given in Table 2 (Anonymous, 2020). Eskisehir Central fields have a higher yield potential
with a deep soil profile, clay soil structure, and a lower lime ratio. Hamidiye campus fields have low GY potential
with shallow and clay-loam soil structure and high lime ratio. Field trials were established in a randomized
complete block design with four replications in the Eskisehir campus and three replications in the Hamidiye. Plots
were sowed in six rows sized 7.0 m X 1.2 m with a 20 cm distance between rows using a seeder. Seed sowing was

carried on the second week of October at a sowing density of 500 seeds m™. Fertilization was made according to
soil analysis results and before planting, 30 kg ha! N and 70 kg ha™! P205; In the spring, 40 kg ha' N was applied
at the stem elongation period. Herbicide with 2-4 D EHE + Florasulam effective ingredients was used to combat
broadleaf weeds. The plots were harvested using a combined harvester as 5 m length on the first week of July.

Table 2. The means of long-term of some climatic data in Eskisehir District and monthly mean values for the

trial years
Precipitation (mm) Temperature (°C)
Eskisehir Hamidiye Eskisehir Hamidiye
Months 2017-2018 MLY* 2017-2018 MLY 2017-2018 2017-2018
September 0.5 14.4 2.5 9.6 19.6 19.6
October 48.4 26.1 41.5 235 10.7 10.2
November 28.6 29.8 20.0 21.0 5.5 49
December 41.8 46.1 28.0 33.1 3.9 3.0
January 28.8 38.2 78.0 34.1 1.6 0.8
February 41.6 325 225 257 5.8 5.1
March 41.1 334 39.0 30.6 9.3 9.0
April 9.5 35.2 13.0 31.0 13.8 13.0
May 92.5 433 108.5 353 16.7 16.2
June 73.8 28.6 35.0 20.6 19.9 19.5
July 59.9 13.5 37.0 6.7 222 22.0
Total 466.5 341.1 425.0 271.2 129.9 1233
Monthly Average 42.4 31.0 38.6 24.7 11.7 11.2

*MLY: Means of many years

2.2. Data collection and analysis

Grain yield was calculated that obtained crop from the harvested parcels with the plot combine harvester was
weighed in grams after cleaning and converted in ton ha-1. Days to heading were determined as the number of days
from the beginning of the year following seed sowing until the date when more than half of the plants in the plot
completely removed their spike from the flag leaf (Oztiirk et al., 2016). Plant height was determined as cm by
measuring the distance from the soil level of 10 plants from each plot to the tip of the uppermost spikelet excluding
the awn. The lodging score was obtained by multiplying these two values by determining the percentage of plants
showing lodging in the plots and the lodging angle (Pask et al., 2012). Thousand-grain weight was calculated by
counting four hundred grains from the grains taken from the harvested product and weighing them in precision
scales (Williams et al., 1988). Plump grain ratio was determined by using sieve analysis was made in the Sortimat
device according to ICC standard 102/1 and 103/1 protocols (Pfeuffer GMB, Kitzingen, Germany). Samples (100 g)
were shaken for 3 minutes in the sieve shaker, and the diameter sizes (large> 2.8 mm; medium = 2.8 - 2.5 mm;
thin = 2.5 - 2.2 mm; 2.2 mm <under sieve) divided into four different sieve groups and the amount of those divided
into groups was determined as a percentage (Ozkaya and Ozkaya, 2005). While the grains in the large and large-
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medium groups were collected to form the plump grain ratio group, the weak and under-sieve grains were not
considered. Grain protein content and beta-glucan ratio were determined by Near-Infrared Spectroscopy (NIR 6500,
Foss, Hillerad, Denmark) device from whole grain flour. The device for grain protein content was calibrated
according to American Association of Cereal Chemists International (AACCI) methods (46-19.01) and (32-23.01),
respectively (Anonymous, 2010). Megazyme B-glucan analysis kits and absorbance values were measured at 510
nm in the spectrophotometer (McCleary and Codd, 1991). Statistical analysis was made using the JMP statistical
program. Levene test was performed before the locations were analyzed together, and the equality of variances
was checked. The significance of the differences between genotypes was determined by conducting the variance
analysis "F" test. The least significant difference (LSD) test was used for the comparison of the means (Student,
1908). Correlation analysis was performed according to Pearson’s (1920) method using corrected mean values.
The mean squares and variance analysis table obtained from the parameters investigated are presented in 7able 3.
The average values of the genotypes were grouped at p <0.05 level according to the LSD test and compared and
presented in Table 4.

3. Results and Discussion

3.1. Grain yield (GY)

When the results of the experiment were evaluated with analysis of variance, differences between genotypes
and genotype x environment interaction were found to be significant at p<0.01, while differences between
environments were significant at p<0.05 (Table 3). Average GY was 5.70 tons ha™! in the experiment, while 5.90
t ha! from the lines; 5.11 t ha™! average GY was obtained from control varieties (7able 4).

Table 3. Mean squares values of traits examined in the research and its significance status

Traits Replications  Environment Genotypes Genx Env. Error Total

Grain yield DF 5 1 23 23 115 167
MS 0.61 4.90* 1.87** 0.94%* 0.46 0.78

Days to heading DF 5 1 23 23 115 167
MS 1.99 601.29%%* 57.04%* 3.94%* 4.38 10.86

. DF 5 1 23 23 115 167

Plant height MS  121.46% 218.04 192.98%* 37.48 3031 5721
Lodging score DF 5 1 23 23 115 167

MS 557.98 9800.61** 7592.58** 450.79 440.85 1533.39

Thousand grain weight DF 3 ! 23 23 69 19
MS 49.11** 10.80 21.36%* 4.52 4.70 11.29

Plump grain ratio DF 3 ! 23 23 69 19
MS 172.44%* 1104.01 248 .83** 40.42%* 15.22 97.84

Grain protein content DF 3 ! 23 23 69 19
MS 3.55%* 3.72 1.88%* 0.92%* 0.35 0.86

Grain B-glucan ratio DF 3 ! 23 23 69 19
MS 0.67** 3.65 0.07 0.11 0.08 0.13

**: Significant at the level p<0.01; *: Significant at the level p<0.05; DF: Degree of freedom; MS: Mean square

The highest GY of the lines was taken from line13 with 6.67 tons ha!, followed by line22 with 6.43 t ha'! and
linel5 with 6.25 t ha!' (Table 4). When the environments were examined, 5.88 t ha™! from the Eskisehir location,
and higher GY than Hamidiye was obtained (7able 4). In the 2017-2018 crop year, from seed sowing to the end
of May, the end of the vegetation period, Eskigehir location received more than 11.3% high rainfall from many
years, with 332.8 mm rainfall, while Hamidiye location was 353.0 mm and it received 44.7% higher precipitation
than its many years (Table 2). Thus, an average GY of 5.88 t ha"!, which can be considered high, was obtained for
conditions based on rainfall in the Eskisehir. Although the soils are less fertile, much higher than expected GY
was obtained from Hamidiye location due to the high rainfall. Similar to this study, Sonmez et al. (2017) reported
that 4.90 t ha! was obtained from Eskisehir location and 4.07 t ha”! was obtained from Hamidiye. In the study
conducted by Aktas (2017), it was declared that under rainfed conditions, the GY was lower than this study, with
3.36 tha'!. This situation is compatible with the opinion of Kalayci et al. (1991) that the environmental factors that
most affect the GY in barley are the precipitation during the growth period of the plant and the distribution of this
precipitation during the year, temperature, and agricultural techniques. In this research, lines 8, 11, 12, 13, 14, 15,
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18, and 22 prominent with GY values above 6 t ha. This situation is compatible with the research’s aim to determine
genotypes that can increase productivity under high yield conditions. One of the reasons why genotype x
environment interaction was found significant in the study is that although the lines 7, 9 and 11 are among the
genotypes with high yield in the Eskisehir environment, they are among the genotypes with low yield in Hamidiye.

Table 4. The mean values of genotypes and environments examined in the research and the comparison of the
means, and the LSD and CV informations

DTH
(day)
528 fi 1227 b 900 d-g 80.6 abc 4093 fg 84.56 def 1242 ad 4.9

Genotype No  GY (t ha'') PH(cm) LS(%) TGW(g) PGR(%) PC(%) BGL(%)

Ju—

2 456 i 1213 dg 81.6 dg 674 cf 4390 b-g 82.15 efg 1226 a-f 4.09

3 552 d-g 1225 bc 852 d-g 760 bed 4579 ad 7790 G 12.06 a-g 4.22

4 555 cg 1213 d-g 1025 a 863 abc 4429 a-f 9147 Abc 1142 f-i 4.05

5 463 hi 121.8 b-e 94.1 cf 1000 a 4250 d-g 7896 Fg 12.75 a 4.09

6 511 ghi 1203 ghi 1003 ab 706 b-e 3566 h 52001 H 11.50 d-h 4.02

7 580 b-g 1188 jk 948 bed 21.7 i 46.80 ab 92.15 Ab 11.55 d-h 3.95

8 622 ad 1141 o 909 d-h 147 j 4211 efg 9430 A 10.56 ijk 3.98

9 554 cg 1132 o 992 abc 0.0 j 4483 ae 9369 A 1178 c-h 4.24

10 564 cg 1240 a 935 cf 388 hi 4224 efg 8656 b-e 1273 ab 3.98

11 6.04 a-ec 1181 kI 886 d-g 43 j 4484 a-e 9361 A 1145 e-i 4.12

12 622 a-d 1215 cf 920 d-g 823 abc 46.59 ab 8578 Cde 10.05 k 4.18

13 6.67 a 119.1 jk 831 d-g 19 j 41.61 efg 9136 Abc 1031 jk 3.86

14 6.05 a-e 1207 fgh 914 d-g 9.0 j 4498 a-e 8535 Cde 1097 h-k 3.67

15 625 abc 1169 m 954 bed 459 fgh 4624 ab 9223 Ab 12.18 a-f 4.07

16 535 eh 1196 i 922 d-g 544 d-h 4736 a 9057 ad 1238 a-e 4.17

17 528 f-i 1202 hi 944 cde 639 c-g 40.69 g 8822 a-e 12.03 a-g 4.01

18 6.16 a-d 1174 Im 1014 a 1.5 j 46.13 abc 9405 A 1093 h-k 4.25

19 587 bf 1158 n 948 bed 64 j 4400 ag 9220 Ab 1241 ad 433

20 563 c-g 1223 bed 875 d-g 522 eh 4633 ab 86.77 b-e 12.16 a-g 4.16

21 593 b-f 121.8 b-e 92.1 d-g 435 ghi 43.69 b-g 84.78 Def 11.07 hijj 3.89

22 643 ab 1173 Im 883 d-g 38 j 4274 cg 9219 Ab 11.81 b-h 4.08

23 541 efg 121.1 e-h 922 d-g 902 ab 44.68 a-e 89.89 ad 12.68 abc 4.18

24 577 b-g 1154 n 951 bed 414 hi 4481 a-e 91.16 abc 11.25 ghi 4.14

Means of Trial ~ 5.70 119.5 92.5 44.0 43.90 87.16 11.70 4.08

Means of Lines  5.90 118.7 92.6 32.0 44.48 90.27 11.57 4.07

M. C. Varieties 5.11 121.7 92.3 80.2 42.18 77.84 12.07 4.11

LSD (0.05) 0.72 1.06 5.89 22.46 3.41 6.15 0.93 0.45

CV (%) 11.80 0.83 5.94 46.53 4.96 4.60 5.01 6.74
Means of Locations

Eskisehir 588 A 1176 B 937 51.7 A 4353 83.4 11.92 4.30

Hamidiye 553 B 1214 A 914 363 B 44.28 91.0 11.48 3.86

GY: Grain yield; DTH: Days to heading; PH: Plant height; LS: Lodging score; TGW: Thousand-grain weight; PGR: Plump grain ratio; PC:
Protein content; SGL: 3-glucan; M. C. Varieties: Means of control varieties; LSD: Least significant difference; CV: Coefficient of variation

3.2. Days to heading (DTH)

Days to heading is vital in terms of giving an idea about the maturation period of a variety. In the variance
analysis performed by combining locations, differences between locations, genotypes, and genotype X
environment interaction were significant at p<0.01 (7able 3). While the average of the experiments was 119.5
days, the mean of the lines was 118.7 days; the control varieties average was 121.7 days. While the trial average
was 117.5 days in Eskisehir, this value was 121.4 days in Hamidiye. The shortest DTH was on line9 with 113.2
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days, while the longest DTH was on line10 with 124.0 days (Table 4). Early maturing in barley is an essential
feature in terms of drought and disease avoidance and post-harvest second crop forage production (Oztiirk et al.,
2014). According to Aydin and Katkat (1999), while resistance to drought increases with earliness, the yield
potential of the variety also decreases. It is thought that the average of 119.5 days obtained in this study was due
to the drought in April caused stress on the plant and shortened the DTH period (7able I). In a study conducted
by Sonmez and Yiiksel (2019) in Eskisehir, the average DTH was 136.6 days, while Kara et al. (2019) was found
133.4 days in another study in Konya. The reason for the statistical difference about DTH between the related
locations is that the Hamidiye site has an altitude higher than the Eskisehir site and the average temperature values
are lower than the Eskisehir. A study was reported that the DTH is shortened under stress conditions (Al-Menai et
al., 2013). Among the lines examined in this study, 8, 11, 13 15, 18, and 22 lines were found to stand out in terms
of both high yield and earliness. This situation is compatible with the objectives of the study in terms of earliness.

3.3. Plant height (PH)

Taller plants have more storage assimilation potential than shorter plants and are drought tolerant. However,
tallness enhances the risk of lodging and, therefore, affects flowering negatively and reduces the plant's
photosynthetic capabilities (Gholipoor et al., 2013). In the analysis of variance, only the differences between
genotypes were found statistically significant p <0.01 (7able 3). While the trial average for PH is 92.5 cm, the
averages of lines, control varieties, and locations are also around this value (7able 4). When the lines were
evaluated, the lowest PH was measured 83.1 cm on linel3, while the highest PH was measured 101.4 cm in linel8
(Table 4). Short cultivars have been improved by cereal breeders to reduce lodging and increase grain yield (Yu
et al., 2010). However, as barley straw is a valuable product that generates additional income demanded by the
livestock sector, PH should be considered in plant breeding. In this study, it is seen that linel8 is the closest line
to our breeding objectives with 101.4 cm PH. In another study conducted by Sénmez and Yiiksel (2019) in
Eskisehir, the average PH was found to be 84.2 cm in dry conditions as compatible with this research. Oztiirk et
al. (2016) reported that PH is a significant element in terms of resistance to the lodging of barley and that short or
medium-height varieties with a PH of 85-95 cm are preferred. According to Kandemir (2004), it can be said that
if PH is higher than 100 cm in barley, lodging is seen. Yiiksel et al. (2017) also found between 92.5 cm and 129.5
cm PH in barley in their study in Eskisehir. Dogan et al. (2014) reported that, although the effect of inheritance is
very high in PH, the environmental effect is also important.

3.4. Lodging score (LS)

Lodging in cereal is more common in barley plants than wheat and is one of the main factors causing yield
losses in many countries (Cenci, 1984). In the variance analysis, the differences between genotypes and
environments were found to be significant at the p<0.01 level (Table 3). While the means of experiments was
44.0%, the means of lines were 32.0%; the means of control varieties were 80.2% (Table 4). In the study, the
lowest LS value was line9 with 0.0%, while the line that reached the highest value was line5 with 100% (Table 4).
Although the plant height of the lines used in the trial was almost the same as the control varieties, LS values are
lower than control varieties (7able 4). The results in this research indicate that LS value is taken into account at
TZARI barley breeding program selection. Alkan and Kandemir (2015) reported that they found LS at a high rate
of 68-90% and resistance to lodging is low for local barley varieties. In a study conducted by Saygili et al. (2019),
LS was ranged from 0.0-33.3% in the first year and between 55.0% and 77.7% in the second year. Especially the
lines 8, 11, 13, 14, 18 and 22 stand out with low LS values together with high GY. The LS average of the Eskisehir
location was 51.7%, and the LS average of 36.3% was higher than the Hamidiye location (7able 4). When the
environments are evaluated, it is thought that higher LS observed in the Eskisehir environment, which has higher
yield potential, compared to the Hamidiye environment, is compatible with the expectations (7able 4). It is known
that many factors affect LS like wind, falling rain amount, soil characteristics, variety-based plant characteristics,
sowing time, sowing frequency, fertilization, and plant growth regulator applications, etc. (Berry et al., 2002). LS
is related to plant height, stem thickness and spike weight and generally occurs after heading. According to Akar
et al. (1999), a significant yield loss is observed in barley plants due to lodging down in the years when the annual
average amount of precipitation exceeds 400 mm in Central Anatolia and Transitional Zones. Lodging down not
only reduces barley yield and grain quality but also indirectly reduces malt quality (Day and Dickson, 1958). PH
is a vegetative feature that most affects the LS in barley (Anderson and Reinbergs, 1985).
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3.5. Thousand-grain weight (TGW)

TGW is one of the important quality factors in terms of giving an idea about the size, plumpness, thinness of
the grain as well as grain yield (Oztiirk et al., 2007). In the analysis of both environments together, only the
differences between genotypes were found to be statistically significant at the p<0.01 level (Table 3). While the
trial average was 43.90 g, the average of the lines was 44.48 g; the control varieties average was found to be 42.18
g (Table 4). When the lines were evaluated, the highest TGW was obtained from linel6 with 47.36 g, while the
lowest TGW was obtained from linel7 with 40.69 g (Table 4). In this study, all genotypes except Erginel-90,
which is a six-row control variety, were above the 40 g TGW limit, one of the malting quality criteria. The average
TGW value found in this study was consistent with the values found by Sénmez and Yiiksel (2019). The TGW
results obtained in this study were found to be consistent with some studies (Sirat and Sezer, 2009; Aydogan et al.,
2011; Imamoglu et al., 2016). Koca et al. (2015) was found higher TGW values than this study with 49.6 g. These
results show that TGW of barley genotypes occurs under the influence of genotype and environment. TGW
controlled by many genes is a feature that varies according to the variety and ecological conditions of the year.
Atli et al. (1989) stated that TGW should be higher than 40 g for malting barley.

3.6. Plump grain ratio (PGR)

It has been reported that sieve analyzes in barley provide information about the plumpness of the grain as well
as the homogeneity of the grain (Kendal et al. 2010). In the combined variance analysis, differences between
genotypes and genotype x environment interaction were significant at the p<0.01 level (Table 3). Trial averages
for PGR were obtained as 87.16%. The means of the lines were found to be higher than the means of control
varieties (Table 4). When the lines were evaluated, the highest PGR was obtained from line8 with 94.30%, while
the lowest PGR was obtained from line21 with 84.78% (Table 4). The lowest PGR value of the trials with, 52.01%,
was obtained from Erginel-90, which is six-row control variety. If the sum of over two sieves (2.2 to 2.5 or 2.5 to
2.8) is more than 75%, this sample is considered to be homogeneous in terms of size (Elgiin and Certel, 1987).
The homogeneity of the grain is important in obtaining homogeneous color in the process of germination and
roasting-drying simultaneously in malt production (Sirat, 2014). Except for genotype6, the PGR value of all the
material is above 75% and sufficient for malting criteria. It was reported by Sonmez et al. (2020) that PGR in dry
conditions in Eskigehir was lower (75.5%) than this study. In a study conducted in Konya in dry conditions, PGR
was found to be lower (62.5%) than in this study (Aydogan et al., 2017). In another study by Sirat and Sezer (2017),
consistent with this study, they were found the PGR between 85.3% and 92.0%. According to Engin (1989), the
correlation between grain size and malt extract ratio is positive and important.

3.7. Protein content (PC)

It is one of the essential quality criteria that determine the evaluation of the barley grain as malting. In the
combined variance analysis, the differences between genotypes and genotype x environment interaction were
significant at the p<0.01 level (7Table 3). The means of the trial was 11.70%. The means of the lines were lower
than the means of the control varieties (7able 4). When the lines were evaluated, the highest PC was obtained from
line10 with 12.73%, while the lowest PC was obtained from line12 with 10.05% (Table 4). In the experiment, the
highest PC value of the experiment, with 12.75%, was obtained from Tarm-92, which is the genotype5 among the
standards. It was reported that PC was found lower than this study with 10.9% by Oztiirk et al. (2016). Aydogan
et al. (2011) reported that they found the average PC as 11.8% in the first year and 11.3% in the second year,
compatible with this study. Again, in many studies conducted under rainfed conditions, it was reported that the
average PC was determined higher than this study with 12.4% (Dogan et al., 2014; Aydogan et al., 2016; Sonmez
et al., 2020). Many researchers have reported that the amount of PC in the grain may vary according to genotype,
environment, and agricultural applications (Fox, 2003; Dogan et al., 2014; Oztiirk et al., 2016; Kizilgegi et al.,
2019). PC in malting barley is expected to be between 9 - 11.5% (Elgiin and Certel, 1987). In this study, lines 8,
11, 12, 13, 14 and, 18 were found to be suitable for malting in terms of PC.

3.8. Beta-glucan (fGL)

B-glucan is a high-molecular non-starch polysaccharide, and it is located in the sub-aleurone layer and cell
walls of the endosperm in barley between 3-11% (Wood, 2007). The health benefits of barley 3-glucans include
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reduction of blood cholesterol and glucose and decrease of weight by increased satiety, and hence, control of type-
2 diabetes and heart diseases (Baik and Ulrich, 2008). According to the results of combined variance analysis, the
differences between genotypes and environments and genotype x environment interaction are not significant
(Table 3). While the means of the trial was 4.08%, the means of the lines and the control varieties were also found
close to this value (7able 4). When the lines were evaluated, the values of BGL between 3.67% and 4.33% were
obtained (Table 4). In parallel with these results, the differences between genotypes for BGL were found to be
insignificant in the study conducted by Kon (2019), and the average BGL was found to be 4.03% in the first year
and 3.77 in the second year. It was reported that the BGL is formed under the influence of genotype, mostly
environmental conditions (Fox et al., 2003; Kon, 2019).

3.9. Correlations between traits (GY)

When the correlations between properties were examined, it was found that there was a negative relationship
significant between GY and DTH, LS, and PC, while a positive relationship with PGR trait was found significant.
As compatible with this study, some other studies were reported that the negative relationship between GY and
DTH is meaningful (Oztiirk et al., 2014; Oztiirk et al., 2016). Again, it was reported by some researchers that there
was a negative correlation between GY and PC, in compatible with this study (Kizilgeci et al., 2016; Kizilgeci et
al., 2019). While the negative correlation of PGR with DTH and LS was found to be significant (p <0.05), the
relationship, with TGW was found to be positively significant (p <0.01). Also, the relationship between DTH and
LS was found to be positively significant (p <0.01) (Table 5).

Table 5. Correlation coefficients and significance status of the traits which was examined in this research

GY DTH PH LS TGW PGR PC GBL
GY 1
DTH -0.405* 1
PH -0.046 -0.272 1
LS -0.667** 0.657** 0.022 1
TGW 0.246 -0.111 -0.079 -0.137 1
PGR 0.502* -0.446* -0.051 -0.482* 0.626** 1
PC -0.644** 0.282 -0.020 0.372 -0.032 -0.113 1
GBL -0.221 -0.204 0.151 0.177 0.251 0.118 0.369 1

GY: Grain yield; DTH: Days to heading; PH: Plant height, LS: Lodging score; TGW: Thousand grain weight;
PGR: Plump grain ratio; PC: Protein content; SGL: 3-glucan

4. Conclusions

As aresult of this research, the candidate lines were evaluated in terms of GY, DTH, PH, LS, TGW, PGR, PC, and
BGL parameters. All the parameters were considered together and it was determined that lines 8, 11, 13, 14, 18, and 22
had characteristics compatible with the breeding targets. It is suggested that some of these lines can be offered to the
Directorate of Seed Registration and Certification Center as a variety candidate or can be used as a parent in the barley
hybrid program.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Development of Quality Characteristics of Pasta Enriched with Lupin (Lupinus albus L.)
Flour and Resistant Starch Type 4

Liipen (Lupinus albus L.) Unu ve Tip 4 Direngli Nisasta ile Zenginlestirilmis Makarnanin
Kalite Ozelliklerinin Gelistirilmesi

Elif YAVER"", Nermin BILGICLJ?

Abstract

Lupin (Lupinus albus L.) is a leguminous seed with a good source of protein, dietary fiber, fat, and is an alternative
to soybean. Resistant starch, a prebiotic dietary fiber, cannot be digested in the small intestine; can help prevent
diabetes, some cancer types, obesity, intestinal diseases and cardiovascular diseases. In this study, 15% lupin flour
(debittered by traditional method and ultrasound application) and 10% resistant starch type 4 (RS4) were used in
pasta production to improve its nutritional quality. The effects of vital gluten and/or transglutaminase on color,
cooking quality, thermal and sensory properties of pasta containing lupin flour and RS4 were investigated.
Ultrasound application had no adverse impact on the color L*, a*, b*, water uptake, cooking loss, thermal and
sensory (color, taste, odor, appearance, stickiness and overall acceptability) properties of pasta samples compared
to traditional lupin debittering method. Compared to 100% semolina pasta, addition of lupin flour and RS4
revealed a higher b* value, cooking loss and gelatinization onset temperature, and lower volume increase, firmness
and gelatinization enthalpy values in pasta. The use of additives (vital gluten, transglutaminase and vital gluten +
transglutaminase) improved the volume increase, cooking loss and firmness values of pasta containing 15% lupin
flour + 10% RS4. The lowest cooking loss values were obtained in 100% semolina pasta (4.62%) as well as pasta
samples supplemented with vital gluten (4.82%) and vital gluten + transglutaminase (4.90%). The color, taste and
odor scores of 15% lupin flour + 10% RS4 pasta samples prepared with additives were close to each other. The
addition of vital gluten and vital gluten + transglutaminase presented similar overall acceptability scores to 100%
semolina pasta (P>0.05).
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Oz

Bir baklagil tanesi olan liipen (Lupinus albus L.), iyi bir protein, diyet lifi, yag kaynagi olmasiyla birlikte soya
fasulyesi icin bir alternatiftir. Prebiyotik bir diyet lifi olan direngli nisasta, ince bagirsakta sindirilemez; diyabet,
bazi kanser ¢esitleri, obezite, bagirsak hastaliklar1 ve kardiyo vaskiiler hastaliklarin dnlenmesine yardimei olabilir.
Bu caligmada; besinsel 6zelliklerini gelistirmek icin, makarna {iretiminde %15 oraninda liipen unu (geleneksel
yontem ve ultrason uygulamasi ile aciligi giderilmis) ve %10 oraninda tip 4 direngli nisasta (DN4) kullanilmistir.
Vital gluten ve/veya transglutaminazin, lipen unu ve DN4 iceren makarnanin renk, pisme kalitesi, termal ve
duyusal ozellikleri lizerine etkileri aragtirilmistir. Ultrason uygulamasi, geleneksel liipen acilik giderme yontemine
gore makarna drneklerinin renk L*, a*, b*, agirlik artis1, pisme kaybi, termal ve duyusal (renk, tat, koku, goriiniis,
yapiskanlik ve genel begeni) dzellikleri {izerinde olumsuz bir etki gostermemistir. %100 irmik makarnasi ile
karsilastirildiginda, liipen unu ve DN4 ilavesi makarnada daha yiiksek b* degeri, pisme kayb1 ve jelatinizasyon
baslangi¢ sicaklig ile daha diigiik hacim artisi, sikilik ve jelatinizasyon entalpisi degerleri ortaya koymustur.
Makarna formiilasyonunda katki maddelerinin (vital gluten, transglutaminaz ve vital gluten + transglutaminaz)
kullanimi, %15 lipen unu + %10 DN4 igeren makarnanin hacim artisi, pisme kaybi ve sikilik degerlerini
iyilestirmistir. En diisiikk pisme kayb1 degerleri %100 irmik makarnasi (%4.62) ile vital gluten (%4.82) ve vital
gluten + transglutaminaz (%4.90) ile katkilanmis makarna orneklerinde elde edilmistir. Katki maddeleri
kullanilarak iiretilen %15 liipen unu + %10 DN4 makarna érneklerinin renk, tat ve koku puanlar1 birbirine yakin
bulunmustur. Vital gluten ve vital gluten + transglutaminaz ilavesi, %100 irmik makarnasina benzer genel begeni
puanlart saglamistir (P>0.05).

Anahtar Kelimeler: Liipen, Tip 4 direngli nisasta, Vital gluten, Transglutaminaz, Makarna
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1. Introduction

Protein-energy malnutrition, which causes morphological changes in the brains of children and child mortality,
is an important problem in most developing countries. Legumes are important foods to improve the nutritional
quality of cereal-based products as a high protein and energy source in these countries (Temba et al., 2016). Lupin
(Lupinus albus L.) is an ancient leguminous crop that is rich in protein, dietary fiber, fat, vitamins, minerals and
phytochemicals (Uzun et al., 2007). Furthermore, the amount of antinutritional compounds such as lectins, trypsin
inhibitors and haemagglutinins in lupin is lower than other legumes (Enneking and Wink, 2000). Consumption of
lupin may provide many health benefits that are associated with obesity, diabetes, cholesterol and cardiovascular
diseases (Prusinski, 2017).

Resistant starch (RS), known as a dietary fiber, cannot be digested in the small intestine within 120 min after
consumption, but fermented by the large intestine microflora (Englyst et al., 1992). RS, like as a soluble fiber, has
potential benefits on health by reducing serum cholesterol and triglycerides, increasing short-chain fatty acids and
the crypt cell production level in the colon (Haralampu, 2000; Uran et al., 2021). Also, RS has a positive impact
on color, functional and organoleptic properties of food products without markedly changing texture compared to
traditional dietary fiber sources (Sajilata et al., 2006).

The weakening of gluten matrix in cereal-based products such as pasta due to addition of lupin flour and RS
causes a reduction in the technological quality (Velioglu et al., 2017). So, many additives such as vital gluten and
transglutaminase can be used to improve cooking quality, textural and sensory properties of pasta enriched with
lupin flour and RS. Gluten content/composition is more important than protein content in terms of pasta quality
(Dexter and Matsuo, 1978). The use of vital wheat gluten in pasta enriched with non-wheat flours helps to develop
of a strong gluten network, increases firmness and decreases cooking loss and stickiness in pasta (Wood, 2009).
Transglutaminase catalyzes an acyl-transfer reaction in covalent bonds between proteins, resulting covalent cross-
links between protein chains (Kuraishi et al., 2001). It was reported that addition of transglutaminase provided a
strong protein network (Kim et al., 2014), decreased cooking loss and improved textural properties in pasta
(Sissons et al., 2010).

To the best of our knowledge, this is the first study to determine the effect of vital gluten and transglutaminase
on quality properties of ultrasound-treated lupin flour and RS enriched pasta. The aims of this study were to
improve the nutritional quality of pasta with 15% debittered lupin flours + 10% resistant starch type 4 (RS4) and
to investigate the effect of different additives (vital gluten, transglutaminase and vital gluten+transglutaminase) on
the color, cooking quality, firmness, thermal and sensory properties of pasta containing lupin flour and RS4.

2. Materials and Methods

2.1. Materials

Durum wheat (Triticum durum L.) semolina (11.89% protein, 0.95% ash and 4.15% total dietary fiber) was
supplied from Selva (Konya, Turkey). RS4 (phosphorylated cross-linked wheat starch, 91.03% RS and 93.12% total
dietary fiber) was obtained from a commercial manufacturer in Konya (Turkey). Vital wheat gluten was supplied from
Vatan Enzyme (Istanbul, Turkey), and microbial transglutaminase (activity 100 U g'') was procured from SternEnzym
(Ahrensburg, Germany).

Debittered lupin flours [lupin flour debittered by traditional method (LFTM - 39.29% protein and 45.19% total
dietary fiber) and lupin flour debittered by ultrasound application (LFUA - 40.21% protein and 44.32% total dietary
fiber)] used in this study were obtained as described in the previous study of the authors (Yaver, 2021). Two different
debittering processes including traditional method and ultrasound application were applied to bitter lupin seeds (L.
albus L.). The bitter seeds were boiled in water (1:3, w/v) for 75 min. In traditional method, the seeds were soaked in
water (1:10, w/v) for 144 h after boiling. In developed method with ultrasound, the boiled seeds were soaked in 25 °C
water (1:10, w/v) for 60 h, and were sonicated for 25 min every 4 h during soaking. After debittering, the seeds (total
alkaloid content < 0.02 g 100 g'') were dried in a hot-air oven (Niive KD-200, Ankara, Turkey) at 50 °C and then were
ground into whole flour (< 500 pm). After that, the flour samples were stabilized by dry roasting method at 160 °C for
30 min.
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2.2. Methods
2.2.1. Pasta production

Pasta samples were produced using a pilot-scale pasta extruder (La Monferrina Dolly, Moncalieri, Italy)
according to the method described by Brennan and Tudorica (2007). For preparation of pasta containing 100%
semolina, semolina and distilled water (100:30, semolina:water, w/v) were mixed for 5 min. The mixture was
extruded in the shape of penne rigate. The samples were dried in a pilot-scale drier (La Monferrina ECS50,
Moncalieri, Italy) at low temperature (maximum 58 °C) for 10 h 44 min.

The experimental design of pasta samples is demonstrated in 7able 1. In additive-free enriched pasta samples,
semolina was replaced with 15% LFTM/LFUA + 10% RS4. To produce pasta containing 15% lupin flour + 10% RS4
+ additives, vital gluten (at the amount of the diluted gluten), transglutaminase (0.5%) or vital gluten+transglutaminase
combination were supplemented into pasta formulations. The same pasta production procedure applied for 100%
semolina pasta was also employed for these samples.

Table 1. Experimental design for pasta production

Lupin flour type Additives

100% semolina
15% LFTM + 10% RS4
LFTM 15% LFTM + 10% RS4 + VG
15% LFTM + 10% RS4 + TG
15% LFTM + 10% RS4 + VG + TG
100% semolina
15% LFUA + 10% RS4
LFUA 15% LFUA + 10% RS4 + VG
15% LFUA + 10% RS4 + TG
15% LFUA + 10% RS4 + VG + TG
LFTM: Lupin flour debittered by traditional method; LFUA: Lupin flour debittered by ultrasound application; RS4: Resistant
starch type 4; VG: Vital gluten; TG: Transglutaminase.

2.2.2. Color

The color L* (lightness; 0 = black, 100 = white), a* (redness/greenness;, + = red, - = green) and b*
(yellowness/blueness; + = yellow, - = blue) parameters were measured using a colorimeter (Konica Minolta CR 400,
Osaka, Japan) according to the method described by Francis (1998). All measurements were made in triplicate.

2.2.3. Cooking quality

The water uptake, volume increase and cooking loss values of cooked pasta samples were determined according to
Oh et al. (1985) and Ozkaya (2005). The pasta samples (20 g) were cooked in 250 ml boiling distilled water for
optimum cooking time. The water uptake of samples was expressed by ratio between cooked and dry pasta weights.
The volume increase was determined as the percentage difference in cooked and dry pasta volumes. For determination
of cooking loss, cooking water was dried until constant weight and weighed. The cooking loss was expressed as a
percentage of the dry pasta.

2.2.4. Firmness

The firmness values of cooked pasta samples were measured by a texture analyzer (Stable Micro Systems TA-
XT.Plus, Surrey, UK) equipped with an A/LKB-F probe according to AACC method 66-50 (AACC, 2000). Test
conditions were as follows: load cell 30 kg; test speed of 1.0 mm s™!, post-test speed of 10 mm s and distance of 4.5
mm. The three cooked pasta strands were sheared at a 90° angle. The maximum compression force of the pasta was
defined as firmness. Measurements were performed three times and average were reported.

2.2.5. Differential scanning calorimetry measurements

Differential scanning calorimetry (DSC) measurements were made with a TA DSC25 equipment (TA Instruments,
Delaware, USA) according to the method described by Giiler et al. (2002). Ground pasta samples were weighed (2.4-
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2.7 mg) into DSC aluminum hermetic pans, and distilled water was added at 1:3 ratio (sample:water, w/v). The pans
were allowed to equilibrate in a refrigerator for 4 h prior to analysis. An empty hermetic pan was used as a reference.
The cell was heated at a rate of 10 °C min™' from 10 °C to 100 °C. The onset temperature (7,), peak temperature (7)
and enthalpy (AH) were evaluated using the TA Instruments analysis software program (TA Instruments, Delaware,
USA).

2.2.6. Sensory analysis

For sensory analysis, pasta samples were cooked for optimum cooking time in boiling distilled water, drained and
served to 12 panelists. Color, taste, odor, appearance, stickiness and overall acceptability parameters were evaluated
using a 9-point scale (1: dislike extremely, 5: neither like nor dislike, 9: like extremely)(Epler et al., 1998).

2.2.7. Statistical analysis

The results were compared by two-way analysis of variance (ANOVA) using TARIST 4.01 (Ege University, Izmir,
Turkey) software. Differences between the respective means were determined using Duncan’s multiple comparison
tests (P<0.05). The results were expressed as mean+standard deviation (Diizgiines et al., 1987).

3. Results and Discussion

The color L*, a* and b* values of pasta samples are demonstrated in Table 2. The mean L*, a* and b* values
of pasta samples prepared with LFUA were found statistically similar to pasta samples prepared with LFTM
(P>0.05). When the results are compared in terms of additives, a decrease in the mean L * value of pasta containing
15% LFTM/LFUA + 10% RS4 was found with the addition of vital gluten. This result may be attributed to creamy
color of vital gluten. The mean a* values of samples varied in the range of 0.27 and 2.46. The use of 15% lupin
flour + 10% RS4 with/without additives in pasta formulation significantly (P<0.05) increased a* value compared
to 100% semolina pasta. Bright yellow color is generally preferred by consumers in pasta. The addition of 15%
lupin flour + 10% RS4 increased b* value of pasta compared to 100% semolina pasta (Figure 1). This may be
related to higher yellow pigment content in lupin flour than semolina (Jayasena and Nasar-Abbas, 2012). While
addition of vital gluten decreased the mean b* value of pasta containing 15% lupin flour + 10% RS4, addition of
transglutaminase and vital glutent+transglutaminase had no significant (P>0.0.5) effect on »* value of pasta
containing 15% lupin flour + 10% RS4 (Table 2). According to Sissons et al. (2010), this result may be related to
the insufficient effect of transglutaminase on the pasta surface.

Table 2. Color values of pasta samples

Factor n L* a* b*
Lupin flour type

LFTM 10 57.77+1.37% 1.98+0.97* 30.33+0.922
LFUA 10 57.65+1.32% 1.9140.922 30.61+0.91°
Additives

100% semolina 4 57.68+0.30° 0.27+0.01° 29.62+0.20°
15% lupin flour + 10% RS4 4 58.24+0.06% 2.27+0.04* 30.97+0.282
15% lupin flour + 10% RS4 + VG 4 55.91+0.22¢ 2.36+0.182 29.35+0.20°
15% lupin flour + 10% RS4 + TG 4 59.54+0.38* 2.46+0.10* 31.27+0.11°
15% lupin flour + 10% RS4 + VG + TG 4 57.18+0.15% 2.384+0.04* 31.16+0.21°

Means followed by the different letter within a column are significantly (P<0.05) different. Duncan’s multiple comparison test
results according to lupin flour type and additives variance sources. Values are the average of triplicate measurements on the
duplicate samples. n: number of samples analyzed; LFTM: Lupin flour debittered by traditional method; LFUA: Lupin flour
debittered by ultrasound application; RS4: Resistant starch type 4; VG: Vital gluten; TG: Transglutaminase.
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Figure 1. Color b* values of pasta samples

The water uptake, volume increase and cooking loss values of cooked pasta samples are given in Table 3.
Lupin flour type (LFTM and LFUA) did not show a significant (P>0.05) difference in water uptake values of the
samples. Compared to 100% semolina pasta, addition of 15% lupin flour + 10% RS4 significantly (P<0.05)
decreased the mean water uptake value of pasta from 147.11% to 137.88%. This decrease may be related to
disruption of gluten network due to addition of lupin flour and RS4. However, the mean water uptake values of
pasta samples supplemented with vital gluten and vital gluten+transglutaminase were close to 100% semolina
pasta. The water absorption of pasta during cooking is mainly related to starch gelatinization and water absorption
of gluten (Delcour et al., 2000; Sozer and Kaya, 2003). Therefore, the increase in gluten ratio with the addition of
vital gluten can be provided a higher water uptake values in the pasta (Majzoobi et al., 2011). Jyotsna et al. (2004)
showed that addition of vital gluten increased water uptake value of vermicelli compared to control.

Table 3. Cooking properties and firmness values of pasta samples

Water uptake .Volume Cooking loss Firmness

Factor %) increase %) )
(%)

Lupin flour type
LFTM 10 144.06+4.60* 210.14+4.37? 5.2240.68* 1350+136.86*
LFUA 10 143.93+3.842 207.63+4.09° 5.26+0.642 1311£140.63°
Additives
100% semolina 4 147.11+1.042 214.71£2.042 4.62+0.06° 1446+16.26*
15% lupin flour + 10% RS4 4 137.88+1.07° 203.56+1.974 6.18+0.022 1092+21.21¢
15% lupin flour + 10% RS4 + VG 4 147.84+2.022 210.78+1.98° 4.82+0.05°¢ 1365+41.80°
15% lupin flour + 10% RS4 + TG 4 141.81+0.77% 207.17+£0.03¢ 5.68+0.04° 1376+44.55°
15% lupin flour + 10% RS4 + VG + TG 4 145.31+0.21% 208.21+2.92b° 4.90+0.04° 1374+45.96°

Means followed by the different letter within a column are significantly (P<0.05) different. Duncan’s multiple comparison test
results according to lupin flour type and additives variance sources. Values are the average of triplicate measurements on the
duplicate samples. n: number of samples analyzed; LFTM: Lupin flour debittered by traditional method; LFUA: Lupin flour
debittered by ultrasound application; RS4: Resistant starch type 4; VG: Vital gluten; TG: Transglutaminase.

As shown in Table 3, the mean volume increase value of pasta samples produced with LFUA (207.63%) was
lower than the samples produced with LFTM (210.14%). It was reported that ultrasound may decrease the water
holding capacity of proteins due to causing denaturation of the molecular structure of proteins and an increase of
the hydrophobic surface of proteins (Resendiz-Vazquez et al., 2017). The decrease in volume increase may be
attributed to the decrease in the water holding capacity of lupin proteins because of ultrasound application during
debittering process. When the results are examined in terms of additives, all of additives increased the mean
volume increase values of pasta compared to pasta containing 15% lupin flour + 10% RS4 without additives
(Figure 2). In addition, the highest volume increase value was observed in 100% semolina pasta, followed by pasta
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samples supplemented with vital gluten and vital gluten+transglutaminase (7able 3). This may be related to the
strengthening of the gluten network because of the vital gluten addition.
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Figure 2. Volume increase values of pasta samples

The mean cooking loss values of pasta samples prepared with LFTM and LFUA were 5.22% and 5.26%,
respectively (Table 3). Lupin flour type factor had no significant (P>0.05) effect on cooking loss of pasta samples.
As seen in Figure 3, the highest cooking loss value was obtained in pasta containing 15% lupin flour + 10% RS4
without additives. This result may be attributed to disruption of protein-starch matrix due to addition of dietary-
fiber rich lupin flour and RS4 (Petitot et al., 2010). The use of vital gluten and vital gluten+transglutaminase in
pasta revealed statistically (P>0.05) similar cooking loss results to 100% semolina pasta (7able 3). This may be
due to the decrease in leaching of soluble components into cooking water as a result of the formation of a strong
gluten network by the addition of vital gluten. Jyotsna et al. (2004) reported that cooking loss of vermicelli reduced
from 6.7% to 5.0% by vital gluten supplementation. On the other hand, the effect of transglutaminase on cooking
loss of pasta may be attributed to the presence of cross-linked protein structures due to transglutaminase addition
which reduces the leaching of starch granules into water (Kuraishi et al., 2001).
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Figure 3. Cooking loss values of pasta samples

The mean firmness value of pasta containing LFTM was higher than pasta containing LFUA (Table 3). This
may be due to the decrease in water absorption capacity because of changes in the molecular structure of proteins
induced by ultrasound application (Resendiz-Vazquez et al., 2017). In terms of additives, use of 15% lupin flour
+ 10% RS4 without additives resulted in the lowest firmness value in pasta (Figure 4). This result may be due to
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a weakening of the gluten network as a result of increasing dietary fiber content with the addition of lupin flour
and RS4 (Petitot et al., 2010). While all additives increased the mean firmness value of pasta containing 15% lupin
flour + 10% RS4, there was no significant (P>0.05) difference between pasta samples produced with additives in
terms of firmness value (Table 3). The increase in firmness may be associated with the strengthening of the gluten
network due to addition of vital gluten or transglutaminase. Sissons et al. (2010) reported that adding
transglutaminase to pasta increased firmness value compared to control.
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Figure 4. Firmness values of pasta samples

DSC measurements of pasta samples are given in Table 4. There was no statistically significant (P>0.05)
difference between the mean 7o, 7T, and AH values of pasta samples prepared with LFTM and LFUA. While the
mean 7o value of pasta samples increased with the addition of 15% lupin flour + 10% RS4, the mean AH value
decreased. These results may be associated with the alteration in starch structure and content due to the addition
of lupin flour and RS4 (Tazrart et al., 2019). In terms of additives, use of vital gluten, transglutaminase or vital
glutenttransglutaminase did not show a significant (P>0.05) effect on the mean 7, and 7, values of pasta
containing 15% lupin flour + 10% RS4. However, the mean AH value of pasta containing 15% lupin flour + 10%
RS4 + vital gluten + transglutaminase (0.08 J g'') was lower than pasta containing 15% lupin flour + 10% RS4
(0.36 J g!). The decrease in AH value may be due to increase in protein content of pasta with the addition of vital
gluten (Tazrart et al., 2019). On the other hand, the effect of transglutaminase on AH value may be attributed to
the formation of covalent cross-linked bonds between proteins (Lin et al., 2009). Our results are in agreement with
Kim et al. (2014) who obtained a decrease in AH value of noodle due to addition of rice protein isolate and
transglutaminase.

Table 4. DSC measurement values of pasta samples

Factor n T, (°C) T, (°C) AH (J g)
Lupin flour type

LFTM 10 58.15+1.122 59.86+0.35% 0.46+0.58°
LFUA 10 58.10£1.022 59.97+0.26* 0.49+0.63?
Additives

100% semolina 4 56.22+0.06° 59.55+0.27* 1.544+0.10?
15% lupin flour + 10% RS4 4 58.68+0.232 60.16+0.032 0.36+0.06°
15% lupin flour + 10% RS4 + VG 4 58.64+0.212 59.81+0.06* 0.17+£0.04%
15% lupin flour + 10% RS4 + TG 4 58.47+0.252 60.28+0.06* 0.20+0.06%
15% lupin flour + 10% RS4 + VG + TG 4 58.61+0.082 59.78+0.082 0.08+0.02¢

Means followed by the different letter within a column are significantly (P<0.05) different. Duncan’s multiple comparison test
results according to lupin flour type and additives variance sources. Values are the average of triplicate measurements on the
duplicate samples. n: number of samples analyzed; T,: Gelatinization onset temperature; 7,,: Gelatinization peak temperature;
AH: Gelatinization enthalpy; LFTM: Lupin flour debittered by traditional method; LFUA: Lupin flour debittered by ultrasound
application; RS4: Resistant starch type 4; VG: Vital gluten; TG: Transglutaminase.
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Sensory analysis results of pasta samples containing LFTM and LFUA are demonstrated in Figure 5. In both
pasta samples produced with LFTM and LFUA, color, taste and odor scores of pasta samples supplemented with
additives were close to pasta containing 15% lupin flour + 10% RS4. The use of vital gluten and vital
gluten+ttransglutaminase in pasta presented a higher appearance scores compared to pasta produced without
additives. Whereas the addition of 15% lupin flour + 10% RS4 decreased stickiness and overall acceptability scores
compared to 100% semolina pasta, pasta containing 15% lupin flour + 10% RS4 + vital gluten or vital
gluten+transglutaminase had statistically (P>0.05) similar scores to 100% semolina pasta. Similarly, Majzoobi et
al. (2011) reported that sensory analysis (color, taste, stickiness, hardness and overall acceptability) scores of pasta
supplemented with vital gluten were higher than control pasta.
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Figure 5. Sensory properties of pasta samples containing LFTM (a) and LFUA (b)

4. Conclusions

This study showed that the use of LFUA instead of LFTM in pasta production had no adverse effect on the color,
water uptake, cooking loss, thermal and sensory properties of pasta. The addition of 15% lupin flour + 10% RS4
without additives increased b* value of pasta, but caused a negative effect on the cooking properties, firmness,
stickiness and overall acceptability of pasta. All additives (vital gluten, transglutaminase and vital
gluten+transglutaminase) markedly improved volume increase, cooking loss, firmness and stickiness values of pasta
containing 15% lupin flour + 10% RS4. In addition, among the additives, vital gluten was more effective on cooking
properties of pasta. In both pasta samples containing LFTM and LFUA, overall acceptability scores of pasta produced
with 100% semolina, 15% lupin flour + 10% RS4 + vital gluten/vital gluten+transglutaminase were statistically
(P>0.05) similar to each other and higher than pasta containing 15% lupin flour + 10% RS4 without additives or with
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transglutaminase. This study demonstrated that the combination of 15% lupin flour + 10% RS4 + vital gluten could be
enhanced nutritional, technological and sensory quality of pasta.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Ceviz Bakteriyel Yaniklik Etmeni Xanthomonas arboricola pv. juglandis’e Karsi
Antagonist Bakteriyel izolatlarn in vitro Kosullarda Biyokontrol Etkinliklerinin
Belirlenmesi

Determination of in vitro Biocontrol Potentials of Antagonist Bacterial Isolates against
Walnut Blight Disease Agent Xanthomonas arboricola pv. juglandis

Bilgen YORUK', Mustafa MiRIK?*

Oz

Xanthomonas arboricola pv. juglandis’in neden oldugu ceviz yaniklhik hastaligi, cevizin (Juglans regia L.)
tiretimini etkileyen en dnemli ve yaygin bakteriyel hastaliklardan biridir. Hastalik etmeni {ilkemiz ceviz iiretim
alanlarinda ciddi ekonomik kayiplara neden olmaktadir. Tipik simptomlar siirgiin, yaprak, disi ¢igek, tomurcuk ve
meyve gibi tiim sulu dokularda goriiliir. Enfeksiyon baglangicta su emmis leke seklindeyken zamanla bu lekeler
kahverengi-siyah nekrotik alanlara doniisiir. Baslangicta sari-yesil bir hale ile ¢evrelenmis dairesel lezyonlar
genellikle noktasal olarak genisler. Hastalik etmeni ile miicadelede kiiltiirel 6nlemler ve bakirli preparatlar
Onerilmektedir. Son yillarda, bakteriyel hastalik etmenlerinin kontroliinde ¢evreye dost biyolojik miicadele iizerine
calismalar artmigtir. Bu ¢alismada; enfekteli bitkilerden Xanthomonas arbaricola pv. juglandis‘in izolasyonu ve
tanilanmasi ve potansiyel aday bakteriyel antagonistlerin in vitro kosullarda bakteriyel bilylimeyi baskilayabilme
yetenekleri ve antagonistik potansiyelleri arastirilmistir. Kiitahya ili ceviz tiretim alanlarina yapilan surveyler ile
hastalikli yaprak; saglikli yaprak ve cigek drnekleri toplanmistir. Hastalikli yapraklardan patojen bakteri izolati;
saglikli ¢icek ve yapraklarda antagonist bakteri izolat1 elde edilmistir. Bakteriyel hastalik etmeni izole edilmis ve
morfolojik ve biyokimyasal testlerle tanilanmistir. Saglikli ceviz yapraklarindan segici besi ortamlar1 kullanilarak
izole edilen 109 adet aday antagonist bakteri izolatlar1 ile in vitro kosullarda ikili kiiltiir testi yapilarak
Xanthomonas arbaricola pv. juglandis’i baskilama yetenekleri arastirilmistir. Bu test sonucunda, 80 adet izolatin
farkli boyutlarda (3.44-30.00 mm) engelleme alani olusturdugu, 37 adet izolatin ise gelisimini tamamen baskiladigi
tespit edilmistir. Yapilan calismada antagonist bakterilerin Xanthomonas arboricola pv. juglandis geligsimini
onemli oranda engellemis olmasi, antagonist izolatlarin biyolojik miicadelede kullanilabilirligini gostermistir.
Hastalik etmenine kars1 etkili bakteriyel izolatlarin tanilanmasi ve in vivo ¢aligmalarla etkinliginin belirlenmesine
yonelik caligmalar yapilmalidir.

Anahtar Kelimeler: Juglans regia, Xanthomonas arboricola pv. juglandis, Ceviz bakteriyel yaniklik hastaligi, Biyolojik

miicadele, Antagonist
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Abstract

Walnut blight disease, caused by Xanthomonas arboricola pv. juglandis (Xaj), is one of the most important and
common bacterial disease which effects production of walnut (Juglans regia L.) plants. The bacterial disease is
led to economic losses significantly in juglans growth fields of Turkey. Typical symptoms occur on all succulent
tissues including shoots, leaves, rachis, petioles, buds, female flowers, catkins and nuts. Infection begin as
translucent water-soaked areas which develop into brown to blackish greasy necrotic areas. Lesions, which are
often surrounded by a yellow-green halo, are initially circular but often expand into angular spots. Management
of the pathogen is suggested the cultural methods and using copper compounds. Recently, controlling bacterial
diseases the eco-friendly biological control studies are increased to control bacterial diseases. In this study,
isolation and identification of disease agent Xaj from infected plants and antagonistic potentials of candidate
bacterial antagonist biological control agent were investigated for their ability to suppress bacterial growth in vitro
conditions. Bacterial disease agents were isolated and identified according to morphological and biochemical
methods. Using selective nutrient media, total of 109 candidate antagonist bacterial isolates were isolated from
different healthy walnut plant leaves and investigated for their ability to suppress bacterial growth in vitro
conditions by dual culture test. From this test, eighty-one bacterial isolates were found to produce inhibition zones
a varying size (range of 3.44-30.00 mm). Among the 80 isolates, thirty-seven isolates were able to suppress the
bacterial growth completely. According to preliminary results of the significant suppression in the bacterial growth
caused by antagonist bacteria, bacterial isolates could be used as possible biocontrol agent against walnut bacterial
blight disease. Further studies should be conducted on identification and determination of mode of actions and in
vivo activities of the most efficient bacterial isolates against disease agent.

Keywords: Juglans regia, Xanthomonas arboricola pv. juglandis, Walnut bacterial blight disease, Biological control,
Antagonist
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1. Giris

Ceviz saglik ve beslenme bakimindan ¢ok dnemli bir bitki tiiriidiir. Genel olarak cevizde %3.5 su, %15-30
protein, %55-77 yag ve %5- 15 oraninda da karbonhidrat (agirlik seliiloz) bulunmaktadir. Ayrica cevizin meyvesi,
Ca, P, Mg, Fe, Na, K gibi mineral maddeler bakimindan zengin oldugu gibi A, B1, B2, B6, C vitaminlerini de
icermektedir. Bir kg ceviz yaklasik 7.000 kalori enerji saglamaktadir.

Cevizin anavatani bazilarina gére fran’m Ghilan Bolgesi, bazilarina gore ise Cin’dir. Daha biiyiik bir kesim ise
cevizin ana vataninin Karpat daglarindan Tiirkiye, Irak, iran, Afganistan, Giiney Rusya, Hindistan, Mangurya ve
Kore’ye kadar uzandigini savunulmaktadir (Anonim 2017a).

Ceviz gerek Tiirkiye’de ve gerekse Diinya’da onemli bir kiiltiir bitkisi olmasindan dolay1 genis iiretim
alanlarina sahiptir. Uretim bakimindan degerlendirildiginde Diinya 2018 y1li ceviz iiretimi toplam 3.662.507 ton
olup 6nemli ceviz iiretici iilkeler ise Cin, Amerika, Iran, Tiirkiye ve Meksika ‘dir. Tiirkiye 2018 verilerine gore
1.117.750 doéniimden 215.000 ton ceviz iiretimi ile Diinya’da 4. sirada yer almaktadir. Cevizin iklim istekleri
uygun olmasindan dolay1 Tiirkiye’nin hemen hemen her bdlgede yetistirilmektedir (FAO, 2021).

Ulkemizde iiretim, saglik ve beslenme agisindan énemli bir yere sahip olan ceviz bitkisinde fungal, bakteriyel
kokenli bircok hastalik goriilmektedir. Armillaria Kok Ciirtikligii (Armillaria mellea), Cevizde Memeli Pas
(Gymnosporangium spp.), Yaprak Sari Cillenmesi (Microstroma juglandis) (Kurt ve ark., 2003) ve Ceviz
Antraknozu (Gnomonia leptostyla) cevizde goriillen 6nemli fungal hastaliklardir. Ceviz Kok Bogazi Timori
(Rhizobium radiobacter), Cevizde Bakteriyel Kanser ve Zamklanma (Pseudomonas syringae pv. syringae) ve
Ceviz Bakteriyel Yanikligi (Xanthomonas arboricola pv. juglandis) ise cevizde goriilen 6nemli bakteriyel
hastaliklardir. Ceviz yapraklarinda karsilasilmasi olasi bir viral hastalik da mevcuttur. Bu, Kiraz Yaprak
Kivircikligi Viriisii (Cheery Leafroll Nepoviriis, CLRV) niin bir irkinin cevizin as1 yeri ile anaci arasinda siyah bir
cizgi seklinde belirti veren cevizde halkali leke veya siyah ¢izgi hastaligidir (Tezcan, 2005).

Hastalik etmeni Xanthomonas arboricola pv. juglandis (Xaj)’m sebep oldugu ceviz bakteriyel yanikligi
hastalig1, iran’da bahar aylarinda hava kosullarina gore siddetli epidemilere sebep olarak, ceviz iiretim alanlarinda
onemli ekonomik kayiplara neden olmustur (Vauterin, 2000). Ayrica Xaj'm neden oldugu bakteriyel ceviz
yaniklig1 hastaliginin, Marmara Bdlgesi’nde uygun hava kosullarinda siddetli epidemi yaptigi bildirilmistir
(Ozaktan ve ark., 2007).

Patojen ceviz yapraklarinda kahverengi-siyah lekelere sebep olur. Sayisiz lekeler ve ¢izgi seklindeki olusumlar
yaprak ylizeyini tamamen kaplayarak yaprak sekil bozukluguna ve deformasyonlara sebep olurlar. Meyve kabugu
heniiz yesilken dig kabuk {izerinde siyah lekelere sebep olur ve bu lekeler cevizin i¢ kismina kadar ilerleyebilir.
Etmenin 6zellikle erken ilkbahar donlarindan sonra yesil siirgiin ve tomurcuklarda yaniklik meydana getirmesi
oldukga karakteristik bir belirtidir. Patojen yash agaclarin dallarinda kurumalara sebep olmaktadir (Anonim,
2017b).

Etmenin miicadelesinde; hastalikli siirgiin ve dallarin budanarak uzaklastirilmasi, dokiilen meyvelerin
toplanarak uzaklastirilmasi, hastaliga kars1 dayanikli ¢esit kullanimi, bakirli fungisitlerin kullanimi 6nerilmektedir.

Son yillarda patojen bakterilerin bakira karsi dayaniklilik kazanmasi miicadele yonteminde yeni alternatiflerin
aranmasi caligmalarini hizlandirmistir. Bu ¢alisma ile hastalikla miicadelede kimyasallara alternatif biyolojik
miicadele olanaklari in vitro kosullarda arastirilmustir.

2. Materyal ve Metot

Calismada materyal olarak; Xaj CP2 izolati, Kiitahya ili Domanig ilgesi ceviz liretim alanlarindan izole edilen
ve Tekirdag Namik Kemal Universitesi Bakteriyoloji Laboratuvarinda bulunan Prof. Dr. Mustafa MiRIK e ait
aday antagonist bakteri izolatlar1 ve gesitli besi yerleri kullanilacaktir.

2.1. Hastalik belirtisi gosteren ceviz yapraklarinin toplanmast ve bakteriyel etmenin izolasyonu

2015-2017 yillarinda Mart-Haziran aylar1 boyunca diizenli araliklarla Kiitahya’nin Domanig Ilgesi’nde Merkez,
Aksu, Bogen, Sariot ve Yesilkdy mahallelerinde bulunan 21 adet ceviz bahgesine surveyler yapilmistir. Bu
bahgelerden ceviz yapraklarinda kahverengi-siyah lekeli ve bu lekelerin kenarlart sinirlanmig kloroz olan yaprak
ornekleri toplanmustir. Toplanan 6rneklerin etiketlemesi yapilarak gazete kagitlara sarilip polietilen torbalara
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konulmugtur ve laboratuvara getirilmistir. Hastalikli yapraklardan yaniklik belirtisi goriilen kisimlarindan,
hastalikli ve sagliklt dokuyu igerecek sekilde yaklasik olarak 0.5 cm’lik bitki pargalart alinmis ve %70’lik alkol

veya %]1°lik NaOCI kullanilarak yiizeysel dezenfeksiyonu yapilmistir. Bitki parcalar1 havanda steril nutrient broth

ile homojenize edilmis ve 20-30 dakika steril kabinde bekletilmistir. Daha sonra NA besi yeri igeren petrilere bir
6ze dolusu bakteri soliisyonundan alinarak ¢izgi ekimi yapilmistir. Petriler 25 °C’de 48-72 saat inkiibe edilmistir.
Sar1 koloni gelisimi gdsteren petrilerden saflastirma yapildiktan sonra egik agara alinarak inkiibe edildikten sonra
+4 °C’de buzdolabinda muhafaza edilmistir.

2.2. Elde edilen izolatlarin tanist

Lelliott ve Stead (1987)’e gore hastalikli bitkilerden elde edilen izolatlarin patojenitesi yapilmistir. Patojenite
caligmalar i¢in ham ceviz meyveleri kullanmilmistir. Meyveler %3’liikk NaOCI igerisinde 3 dakika bekletildikten
sonra steril su ile yikanarak yiizeysel dezenfeksiyonu yapilmistir. Nemli kurutma kagitlarinin bulundugu steril
kutulara her kutuda 3 adet olacak sekilde ceviz meyveleri yerlestirilmistir. Daha sonra NA’da 48 saat inkiibe edilen
Xaj izolatlart steril bir kiirdan ile alinarak ham ceviz meyvesine batirilarak inokule edilmistir. 25 °C’de 48 saat
inkiibe edilen kutulardaki cevizler lizerindeki belirtiler degerlendirilmistir (Van der Zwet, 1986; Klement ve ark.,
1990). Ham ceviz meyvesi lizerinde goriilen siyah lekelerden re-izolasyonlar yapilmistir. Elde edilen re-izolatlar
ile tam1 caligmalarina gecilmistir. Ceviz de bakteriyel yaniklik etmeni Xaj'in KOH ile gram reaksiyonu,
sisteminden HaS olusumu ve LOPAT (L: levan olusumu, O: oksidaz testi, P: patateste pektolitik aktivite, A: arginin
dehidrolaz testi, T: tiitiinde asir1 duyarlilik reaksiyonu), oksidatif-fermantatif, nisasta hidrolizasyonu ile tani testleri
yapilmistir (Sands, 1990; Lelliott ve Stead, 1987, Klement ve ark., 1990, Schaad, 2001,). Ayrica Tween B besi
yerinde koloni morfolojisine bakilmistir (McGuire ve ark., 1986).

2.3. Ceviz bakteriyel yaniklik hastaliginin biyolojik miicadelesine yonelik in vitro calismalar
Ceviz yapraklarindan aday antagonist izolasyonu:

2015-2017 yillar1 Mart-Haziran aylarinda Kiitahya ili Domanig ilgesine bagli Merkez, Aksu, Bogen, Sariot ve
Yesilkdy mahallesi ceviz bahgelerine yapilan surveylerde, saglikli agaclardan yaprak 6rnekleri alinmis ve kagit
torbalara konularak laboratuvara getirilmistir. Aday antagonist bakteri izolasyonu ig¢in PSF besi ortami
kullanilmistir. {zolasyon igin 10 g yaprak drnegi tartilarak 90 ml nutrient broth igerisinde 2-3 saat siireyle 150 rpm
hizla orbital ¢alkalayicida ¢alkalanmigtir. Daha sonra yaprak siispansiyonundan 1’er ml alinarak igerisinde 9 ml
nutrient broth bulunan tiiplere aktarilmigtir. Her bir 6rnekten ayr1 ayr seyreltme serisi hazirlanmistir. Seyreltme
serilerinin -4, -5 ve -6.°sindan 100 pl alinarak 3 tekerriirlii olacak sekilde PSF igeren petrilere baget ile yayilmstir.
Petriler 48-72 saat 25 °C’ de inkiibe edilmistir. Petrilerde gelisen farkli renk ve tipteki koloniler saflastirilmis ve
tiitiinde asir1 duyarlilik testi yapilmustir. Test i¢in bir 6ze dolusu bakteri 9 ml nutrient broth ile karistirilmis ve steril
bir siringa ile tiitiin yapraginin damar arasina enjekte edilmistir. 24 saat sonra tiitiin yapraklarinda damar arasinda
su emmis leke, nekroz olusumu gosteren izolatlar elenmis, herhangi bir belirti gdstermeyen izolatlar daha sonraki
calismalarda kullanilmak {izere YDCA besi yerinde inkiibe edilip +4 °C’ de buzdolabinda muhafaza edilmistir.

Aday antagonistlerin in vitro’da Xanthomonas arbaricola pv. juglandis’e karsi antagonistik etkilerinin
belirlenmesi:

Aday antagonist bakteri izolatlarinin Xaj’a karsi etkinligi ikili kiltiir testleri sonucunda belirlenmistir
(Krishnamurthy ve Gnanamarickam, 1998; Mirik, 2005; Cetinkaya-Yildiz, 2007; Horuz, 2014; Oksel ve Mirik,
2015; Bozkurt ve Soylu, 2019; Umarusman ve ark., 2019). Calismada patojen bakteri olarak CP2 Aksu kodlu Xaj
izolat1 kullanilmstir. Elde edilen aday antagonist izolatlar NA besi yerinde gelistirilmis ve gelisen kiiltiirlerin her
biri petride 120 derecelik agiyla birbirinden uzak ¢izilmis li¢ noktaya nokta ekimi yapilmistir. Petriler 25 °C’ de
24 saat inkiibe edilerek aday antagonistlerin gelisgimi saglanmistir. 24 saat sonra patojenin 1x10® hiicre/ml
konsantrasyondaki siispansiyonu esit mesafeden petrilere piiskiirtiilerek patojenin esit olarak yayilmasi
saglanmistir. 25 °C’de 2 giin inkiibasyondan sonra petrilerde olusan engelleme alanlari dlgiilerek aday antagonist
izolatlarin etkinligi belirlenmistir. Petri denemeleri in vitro kosullarda {i¢ tekerriirlii olarak kurulmustur.
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3. Arastirma Sonuclari ve Tartisma

3.1.Ceviz Yapraklarindan Bakteriyel Yaniklik Etmeninin Izolasyonu

Kiitahya iline bagli Domanig ilgesi Merkez, Aksu, Bogen, Sariot ve Yesilkdy mahallesi ceviz bahgelerinden
alinan yaprak &rnekleri laboratuvara getirilerek izolasyonu yapilmustir. izolatlar NA besi yerinde sar1 renkte,
mukoid, yuvarlak koloni gelisimi gostermistir. Toplamda 15 adet izolat elde edilmistir.

3.2. Elde Edilen Izolatlarin Tanist

Patojenite Testi: Elde edilen Xaj izolatlarinin patojenite testi sonucunda ham ceviz meyvelerinde 2-4 giin sonra
kahverengi-siyah lekeler gozlenmistir. Negatif kontrol olarak steril su ile yapilan meyve inokulasyonlarinda ise
herhangi bir belirti gézlenmemistir. {zolatlar ham meyvelerde referans kiiltiir olarak kullanilan Hacikdy izolati ile
ayn1 belirtileri gosterdiginden patojenite testi pozitif olarak degerlendirilmistir. Patojenite testi sonucu elde edilen
re-izolatlar ile tan1 ¢aligmalar1 yapilmistir.

Potasyum Hidroksit (KOH) ile Gram Reaksiyonu: Xaj re-izolatlar1 ile yapilan gram reaksiyonu sonucunda,
Ozeye yapisarak viskoz bir yapinin olusmasindan dolay1 izolatlar Gram (-) olarak degerlendirilmistir. Cmm 1-2
kodlu Clavibacter michiganensis subsp. michiganensis izolat1 ise uzama gostermemistir (7ablo 1).

Levan Olusumu: SNA besi yerine ¢izimi yapilan Xaj re- izolatlarinin tamaminda levan olusumu
gozlenmemistir. £ 4-2 kodlu Erwinia amylovora izolati1 ise SNA besi yerinde beyaz, kubbemsi, mukoid koloni
gelisimini gostermistir (Tablo 1).

Oksidaz Testi: Re-izolatlar oksidaz test soliisyonu emdirilmis filtre kagidina ¢izilen zig zaglar sonucunda higbir
renk degisimi olmadigindan oksidaz testi negatif olarak degerlendirilmistir. Oksidaz pozitif 6zellikteki
Pseudomona cichorii kiiltiirii ¢alismada kullanilmistir ve mavi-mor renkte bir degisime neden olmustur (7ablo 1).

Pektolitik Aktivite Testi: Xaj re-izolatlar pektolitik enzim iiretmediginden patates dilimleri lizerinde yumusak
ciiriikliik belirtisi olusturmamustir. izolatlarin patatesteki pektolitik aktivite testi negatif olup, kontrol olarak
kullandigimiz SRE 31-1 kodlu Pectobacterium caratovorum subsp. caratovorum izolati ¢alismada kullanilmis ve
patates dokularinda ¢iiriimeye neden olmustur (7ablo 1).

Arginin Dehidrolaz Testi: Thornley 2A besi yerine inokule edilen re-izolatlar ve Hacikdy izolati besi yerinde
renk degisimine neden olmamistir (7ablo 1).

Tiitiinde Agirt Duyarlilik Testi: Xaj re-izolatlar1 ve Hacikdy izolati tiitiin yapraklarinin damar aralarinda 24
saat sonra su emmis alanlar ve 48 saat sonra nekroz olusturdugundan asir1 duyarlilik reaksiyonlar pozitif olarak
degerlendirilmistir (7ablo 1).

Oksidatif-Fermentatif Test: Taze gelistirilmis 48 saatlik Xaj izolatlar1 ve orijinal bakteri kiiltiirleri ile nokta
asilama yapilmistir. Her izolat i¢in 6 tiip kullanilmistir, bu tiiplerden iigiine 1 ml steril 1lik vaspar (bir 6l¢ii vazelin
ii¢ 6l¢ili parafin karisimi) konarak yiizeyi kapatilmig diger iigiine higbir ekleme yapilmamistir. 25°C’de 5-6 giinliik
bir inkiibasyondan sonra ortam renginin sartya donmesi pozitif olarak degerlendirilir. Xaj izolatlariyla yapilan
oksidatif-fermantatif test sonuglarinda vasparli tiiplerde sar1 renk olusumu goriilmemistir. Bu nedenle oksidatif-
fermantatif test sonucu negatif olarak degerlendirilmistir. Bunun sebebi ise Xaj’in aerobik bir bakteri olmasidir.
Kisacas1 vaspar ile hava temas:1 kesilen tiiplerde ceviz bakteriyel yaniklik etmeni gelisim yapamadigindan
karbonhidrat ayrismasi gergeklesmemistir (7ablo 1).

Nisasta Hidralizasyon Testi: Nisasta besi yerine ¢izilen ceviz bakteriyel yaniklik izolatlar1 ve referans kiiltiirler
7-14 giinliik inkiibasyon sonunda iizerine lugol erigi dokiildiiglinde koloni gevresinde referans kiiltiirde belirgin
parlak bir alan gozlenirken bolge izolatlarinda bu alan zayif olarak belirlenmistir. Bolge izolatlar1 nigastayi
hidrolize ettiklerinden pozitif olarak degerlendirilmistir (7ablo I).

Tween B ortaminda Koloni Gelisimi: Bolgeden izole edilen Xaj izolatlar1 Tween B besi yerinde yuvarlak, sar1
tiimsek ve gevresinde temiz haleli koloniler gelistirmistir (7ablo 1).

Sisteinden H:S olusumu: Steril tiipler i¢indeki ortama bakteri asilandiktan sonra kursun asetatli kagitlarda
renk degisimi olup olmadig1 14 giin boyunca gozlenmis, tiiplerdeki kursun asetatl: kagitlar1 siyahlagtiran referans
kiiltiir ve Xanthomonas arbolicola pv. junglandis izolat1 pozitif sonug vermistir (7ablo 1).
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Tablo 1.Biyokimyasal testler ile Xanthomonas arbolicola pv. juglandis re-izolatlarinin tanilanmast

Table 1. Identification of Xanthomonas arbolicola pv. junglandis Strains by biochemical tests

izolat Alindig1 Yer Bitki NA’dakiKoloni GR L O P A HR N T O-F
Adi Materyali Gelisimi
CP-1 Kiitahya/Aksu koyii Yaprak Sar1 - - - - -+ 4+ 4+ -
CP-2 Kiitahya/Aksu koyii Yaprak Sar1 - - - - -+ 4+ 4+ -
CP-3 Kiitahya/Aksu koyii Yaprak Sar1 - - - - -+ 4+ 4+ -
CP-4 Kiitahya/Aksu koyii Yaprak Sar1 - - - - -+ 4+ 4+ -
CP-5 Kiitahya/Aksu koyii Yaprak Sar1 - - - - -+ 4+ 4+ -
CP-6 Kiitahya/Aksu koyii Yaprak Sar1 - - - - -+ 4+ 4+ -
CP-7 Kiitahya/Aksu koyii Yaprak Sar1 - - - - -+ 4+ 4+ -
CP-8 Kiitahya/Aksu koyii Yaprak Sar1 - - - - -+ 4+ 4+ -
CP-9 Kiitahya/Aksu koyii Yaprak Sar1 - - - - -+ 4+ 4+ -
CP-10 Kiitahya/Bogen koyii Yaprak Sar1 - - - - -+ 4+ 4+ -
CP-11 Kiitahya/Bogen koyii Yaprak Sar1 - - - - -+ + -
CP-12 Kiitahya/Sariot koyt Yaprak Sar1 - - - - -+ 4+ 4+ -
CP-13 Kiitahya/Yesilkdy Yaprak Sari - - - - -+ 4+ -
CP-14 Kiitahya/Yesilkoy Yaprak Sar1 - - - - -+ + -
CP-15 Kiitahya/ Merkez Yaprak Sari - - - - -+ 4+ -
Hacikoy Edirne/Hacikdy Yaprak Sar1 - - - - -+ + -

GR: Gram Reaksiyonu; L: levan tipte koloni gelisimi; O: oksidaz testi; P: patateste pektolitik aktivite; A: arginin dehidrolaz
aktivitesi; HR: tiitiinde asir1 duyarlilik reaksiyonu; N: nisasta hidrolizasyonu; T: Tween B besi yerinde gelisim; O-F: oksidatif-
fermantatif testi

3.3.Ceviz bakteriyel yaniklik hastaliginin biyolojik miicadelesine yéonelik in vitro calismalar

Ceviz yapraklarindan aday antagonist izolasyonu: 2015-2016 yillar1 aras1 Nisan-Temmuz aylarinda Kiitahya
ilinde bulunan ceviz iiretim alanlarina surveyler yapilmistir. Bu amagla gezilen 21 ceviz bahgesinden yaprak
ornekleri alinmigtir. PSF besi yerine yapilan izolasyonlarda farkli renk ve tipte gelisen koloniler saflastirilarak
tiitiin bitkisinde HR testine tabi tutulmustur. HR reaksiyonu sonucunda tiitiin yaprak aralarinda su emmis leke ve
kurumalara sebep olmayan 69 adet izolat aday antagonist olarak secilmistir. Ayrica Tekirdag Namik Kemal
Universitesi Ziraat Fakiiltesi Bitki Koruma Boliimii Bakteriyoloji Laboratuvari kiiltiir koleksiyonunda bulunan,
cesitli kiiltiir bitkilerinin topraklarindan alinmis ve NBRIP besi ortami kullanilarak izole edilen 40 adet aday
antagonist bu ¢alismada kullanilmistir.

Aday antagonistlerinin vitro’da Xanthomonas arboricola pv. juglandis’e karst etkinliginin belirlenmesi:
Aday antagonist bakterilerin patojene kars1 etkinliginin belirlenmesi igin ikili kiiltiir testleri yapilmgtir.1x10?
yogunlugundaki Xaj’e etkisinin in vitro petri denemeleriyle arastirildigi ¢alismada 109 adet aday antagonistin
engelleme alanlan 6lgiilmistiir. Aday antagonist izolatlarin 37 adeti ikili kiiltiir testi sonucunda Xaj 'in gelisimini
tamamen engelledigi (30.00 mm), 43 adedi ise 3.44-27.00 mm araliginda degisen engelleme alani olusturdugu ve
29 adet aday antagonist izolatin ise patojene karsi hi¢bir etkisinin olmadigi saptanmistir (Tablo 2).

574



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021, 18(3)

Tablo 2. Xanthomonas arbolicola pv. juglandis’ e karsi antagonist bakteri izolatlarimin etkinliginin
belirlenmesi
Table 2. Effect of antagonist caterial isolates obtained agaisnt Xanthomonas arbolicola pv. jugladis
No Izolat Eng. Al. No 1izolat Eng. Al. No Izolat Adi Eng. Al. No Izolat Adi Eng. Al
Adi (mm) Adi (mm) (mm) (mm)

1 CA-1 5.22 29 CA-29 0.00 56 CA-56 0.00 83 MMA-14  0.00
2 CA-2 30.00 30 CA-30 12.00 57 CA-57 0.00 84 MMA-15  0.00
3 CA3 30.00 31 CA-31 0.00 58 CA-58 0.00 85 MMA-16 344
4 CA4 10.22 32 CA-32 5.44 59 CA-59 0.00 8 MMA-17  7.56
5 CA-S 9.78 33 CA-33 30.00 60 CA-60 30.00 87 MMA-18  0.00
6 CA-6 14.67 34 CA-34 30.00 61 CA-61 7.56 88 MMA-19 12.78
7 CA-7 30.00 35 CA-35 11.56 62 CA-62 30.00 89 MMA-20 30.00
8 CA-8 8.11 36 CA-36 14.00 63 CA-63 30.00 90 MMA-21 0.00
9 CA9 10.44 37 CA-37 30.00 64 CA-64 30.00 91 MMA-22  30.00
10 CA-10 9.67 38 CA-38 9.00 65 CA-65 6.22 92 MMA-23  30.00
11 CA-11 0.00 39 CA-39 6.56 66 CA-66 9.56 93 MMA-24  0.00
12 CA-12 0.00 40 CA-40 30.00 67 CA-67 30.00 94 MMA-25  0.00
13 CA-13 5.67 41 CA-41 11.78 68 CA-68 30.00 95 MMA-26  0.00
14 CA-14 8.22 42 CA-42 30.00 69 CA-69 13.33 9% MMA-27 30.00
15 CA-15  30.00 43 CA-43 30.00 70 MMA-I 0.00 97 MMA-28  0.00
16 CA-16 9.89 44 CA-44 0.00 71 MMA-2  30.00 98 MMA-29  30.00
17 CA-17 1278 45 CA-45 30.00 72 MMA-3 7.00 99 MMA-30 15.11
18 CA-18 11.33 46 CA-46 7.67 73 MMA-4  30.00 100 MMA-31 6.11
19 CA-19 0.00 47 CA-47 30.00 74 MMA-5 0.00 101 MMA-32  30.00
20 CA-20 0.00 48 CA-48 30.00 75 MMA-6 9.11 102 MMA-33  9.22
21 CA-21  30.00 49 CA-49 8.11 76 MMA-7  30.00 103 MMA-34 27.00
22 CA-22  10.67 50 CA-50 30.00 77 MMA-§ 0.00 104 MMA-35  0.00
23 CA-23  30.00 51 CA-51 11.00 78 MMA-9 0.00 105 MMA-36  3.89
24 CA-24 0.00 52 CA-52 30.00 79 MMA-10  0.00 106 MMA-37  3.78
25 CA-25 0.00 53 CA-53 5.44 80 MMA-11  30.00 107 MMA-38  30.00
26 CA-26 0.00 54 CA-54 9.56 81 MMA-12  30.00 108 MMA-39  30.00
27 CA-27 8.33 55 CA-55 5.11 82 MMA-13  30.00 109 MMA-40  5.78
28 CA-28 0.00

Son yillarda bakirli preparatlar bakteriyel hastalik etmenlerine iizerinde beklenilen sonucu vermemektedir
(Shen ve ark., 2013). Bakirli preparatlar gibi kontak etkili pestisitler, kanserle ve dormant siirglinlerdeki bakteri
popiilasyonuna etki etmemektedirler (Kennelly ve ark., 2007). Bu gibi sebeplerden dolay1 bakirli preparatlara karsi
alternatifler aranmaktadir. Bu alternatifler igerisinde; sistemik kazanmilmig dayaniklilin (SAR) tetikleyen
acibenzolar-S-methly ve bakteriyel hastaliklarin kontrolii i¢in bitki diiziinleyici olarak kullanilan prohexadione
kalsiyum yer almaktadir. Bunun yani sira bazi antimiktobiyal peptidler, terpenler ve kitinaz gibi iiriinlerin Xaj
iizerine etkilerinin belirlenmesi i¢in yapilan arazi denemeleri devam etmektedir (Cameron ve Sarojini, 2014).

Hastalik etmeninin biyolojik miicadelesine yonelik yapilan bir ¢alismada, 35 adet antagonist bakteri izolatinin
patojen {izerine olan etkisi in vitro kosullarda degerlendirilmis ve 18 adet izolatin 3 mm ve 13 mm arasinda degisen
degerlerde engelleme zonu olusturarak patojenin gelisimini baskiladigi belirlenmistir. Yaptigimiz calismada da 43
adet antagonist bakteri izolatinin in vitro kosullarda 3.44-27.00 mm arasinda engelleme alani olusturarak Xaj’in
gelisimini baskiladigi belirlenmistir. Calismada antagonist bakteri izolatlariin yaklasik %60’1nin hastalik
etmeninin gelisimini %41 ile %77 oraninda azalttig1 belirlenmistir (Ozaktan ve ark., 2012).

Kimyasal miicadelenin bakirli ve bazi fungisitlerle siirli oldugu bakteriyel hastaliklara karsi miicadelede
antagonistlerin kullanimi alternatif yontemleri olusturmaktadir. Yapilan bu g¢alismada onceki caligmalarla
paralellik gostererek ceviz bakteriyel yaniklik hastalik etmenine karsi biyolojik miicadelede yararli bakterilerin
kullanilabilecegi ortaya konulmustur.
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4. Sonug¢

Diinya da oldugu gibi iilkemizde de ekonomik dneme sahip olan ceviz de bakteriyel yanikliga sebep olan Xaj
onemli kalite ve kantite kayiplarina sebep olmaktadir. Hastalik etmeni ile miicadele de kiiltiirel 6nlemler diginda
Onerilen bakirli preparat kullaniminin istenilen etkinin altinda kalmasi biyolojik miicadele gibi alternatif
yontemlerin arastirilmasini tegvik etmistir. Son yillarda bircok patojen bakteriyel hastalik etmeni ile miicadelede
antagonist bakteri kullanimi yaygin hale gelmistir. Bu amagla yapilan ¢alismamizda elde edilen sonuglar, hastalik
etmeni ile miicadelede antagonist bakteri kullaniminin {imit vaat ettigini gostermistir.

Calisma kapsaminda Kiitahya iline bagli Domanig ilgesinde ceviz bahgelerine surveyler yapilmis olup
hastalikli ve saglikli ceviz yapraklarindan izolasyonlar yapilmistir. Hastalikli yapraklardan izole edilen izolatlarin
patojenitesi yapilarak re-izolatlar elde edilmistir. Re-izolatlara KOH ve LOPAT, oksidatif-fermantatif, nisasta
hidrolizasyonu ile tani testleri yapilarak ayrica Tween B ortaminda koloni gelisimine bakilarak izolatlar Xaj olarak
tanilanmugtir.

Saglikli 6rneklerden elde edilen izolatlar tiitiin bitkisinde HR testine tabi tutulmus ve test sonucunda 69 adet
izolatin patojen olmadigina karar verilmistir. Namik Kemal Universitesi Ziraat Fakiiltesi Bitki Koruma Boliimii
Bakteriyoloji laboratuvarinda daha 6nce yapilan ve gesitli patojenlere karsi etkili sonuglar veren 40 adet aday
antagonist bakteri izolati da ceviz bakteriyel yaniklik etmeni Xaj’ e karst denenmek {izere genglestirilmistir.

Toplamda 109 adet aday antagonist izolatin in vitroda Xaj’e kars1 etkinliginin belirlenmesi igin ikili kiiltiir
denemesi kurulmustur. Petri kabinda aday antagonistlerin patojen gelisimini baskilamasi sonucunda olusan
engelleme alanlar l¢lilmiistiir. 37 adet antagonistin patojen Xaj’in gelisimini tamamen baskiladigi, 43 adet
antagonist izolatin ise 3.44-27.00 mm capinda engelleme alani olusturdugu ve geriye kalan 29 adet aday
antagonistin patojen iizerinde higbir etkisinin olmadigi saptanmuistir.

Bakteriyel hastaliklarla miicadelede kimyasal kullanimimin olmamasi ve antibiyotik kullaniminin tilkemizde
yasak olmasindan dolayi, bakteriyel hastaliklarla miicadelede alternatif yontemlerin arastirilmasini gerekli
kilmistir. Bu amagla yapilan tez ¢alismasinda bakteriyel yanikliga karsi miicadelede aday antagonistlerin in vitro’
da patojenin gelisimini tamamen engelleyecek kadar etkili sonuglar verdigini ve antagonistlerin {imit vaat eden
miicadele yontemi olabilecegini gdstermistir. Etkili bulunan bu antagonistlerin in vivo da etkileri arastirilarak
antagonist izolatlarin tiirleri belirlenmelidir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

The Effects of Feeding Frequencies on The Growth Performance and Life Rate in Electric
Yellow Fish Fry (Labidochromis caeruleus)

Sar1 Prenses Ciklet Yavrularinda (Labidochromis caeruleus), Ogiin Sayismin Biiyiime
Performansi ve Yasama Giicii Uzerine Etkileri

Cemal POLAT", Cetin YAGCILAR?
Abstract

Ornamental fish farming has become an important industry in the world. Ornamental fish are called living gems
because of their color, shape and behavior. Modern ornamental fish production requires a nutritionally balanced,
cost-effective and sustainable feeding process. Among the operating costs in aquaculture, the cost of feed has a
ratio varying between 40% and 60% among the total other expenses. In this study, it was aimed to investigate the
effects of meal number on growth performance and survival rate in Electric yellow cichlid fries (Labidochromis
caeruleus). 60 Electric yellow cichlid fries were stocked in 12 aquariums of 33 * 35 * 40 c¢m size established in
Tekirdag Namik Kemal University Technical Sciences Vocational School Fisheries Laboratory. The study was
carried out in 3 repetitions: 1 meal per day, 3 meals, 5 meals and 1 meal every other day, up to 5% of body weight,
by applying 4 different meals to fish. During the study, weight and height measurements were made every 30 days,
and the data obtained were evaluated at the end of the study and the effect of growth on the number of meals was
investigated. At the end of the trial, body weights were measured as 3.696 + 1.517 g, 4.757 + 1.898 g, 3.786 +
1.539 g and 3.380 £ 1.318 g, and total heights were 5.726 + 0.675 cm, 6.300 £ 0.530 cm, 5.640 + 0.776 cm and
4.562 £ 1.952 cm, respectively. No statistical difference was found between the number of meals administered in
the study in terms of average body weight gain and specific growth rate. However, according to the results obtained
in the length of the fish, a statistical difference was found between feeding 1 meal every other day and the number
of other meals. As a result, considering the fish health and feed cost, 3 times daily feeding frequency of the fish
was considered sufficient.
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Oz

Siis balig yetistiriciligi Diinya’ da 6nemli bir endiistri haline gelmistir. Siis baliklari, renkleri, sekilleri ve davranig
ozellikleri nedeniyle yasayan miicevherler olarak adlandirilmaktadir. Modern siis baligi iiretimi, besin yoniinden
dengeli, uygun maliyetli ve siirdiiriilebilir bir besleme siirecine gereksinim duymaktadir. Su {iriinleri
yetistiriciliginde isletme giderleri arasinda yem maliyeti toplam diger giderler arasinda % 40 ila % 60 oraninda
degisen bir orana sahiptirBu ¢alismada, sar1 prenses ciklet yavrularinda (Labidochromis caeruleus), 6glin sayisinin
biiylime performansi ve yasama orani tizerindeki etkilerinin aragtirilmasi amaglanmustir. 60 adet sar1 prenses ¢iklet
yavrusu Tekirdag Namik Kemal Universitesi Teknik Bilimler Meslek Yiiksekokulu Su Uriinleri Laboratuvarinda
kurulan 12 adet 33*35*40 cm biyiikliigiindeki akvaryumlara stoklanmistir. Caligma baliklara 4 farkli 6giin sayisi
uygulanarak, viicut agirliginin % 5' i kadar giinde 1 6giin, 3 6giin, 5 6glin ve giin asir1 1 6glin olmak {izere 3
tekerriirlii olarak gerceklestirilmistir. Caligma boyunca 30 giinde bir agirlik tartimlar1 ve boy dl¢iimleri yapilmig
olup elde edilen veriler arastirma sonunda degerlendirilerek biiylimenin 6glin sayisma etkisi arastirilmigtir.
Deneme sonunda viicut agirliklar sirasiyla 3.696 + 1.517 g, 4.757 + 1.898 g, 3.786 £ 1.539 g ve 3.380 + 1.318 g,
toplam boylari ise 5.726 = 0.675 cm, 6.300 + 0.530 cm, 5.640 = 0.776 cm ve 4.562 + 1.952 c¢m olarak 6l¢iilmiistiir.
Calismada uygulanan 6giin sayilar1 arasinda ortalama canli agirlik artigi ve spesifik biiylime orani agisindan
istatistiksel bir fark bulunmamustir. Ancak baliklarin boy uzunluklarinda elde edilen sonuglara gére giin asirt 1
6giin beslenme ile diger 6giin sayilari arasinda istatiksel olarak fark elde edilmistir. Sonug olarak balik sagligi ve
yem maliyeti dikkate alindiginda baliklarm giinliik besleme sikliginin 3 defa yapilmasi yeterli olarak goriilmiistiir.

Anahtar Kelimeler: Labidochromis caeruleus, Ogiin sayis1, Biiyiime performansi, Yasama orani, Canli agirlik artisi
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1. Introduction

Ornamental fish farming has become an important industry in the world. Ornamental fish are called living
gems because of their colour, shape, and behaviour. The worldwide trade of ornamental fish, wholesale, retail sales
of fresh and saltwater fish, and all materials used in the industry, is estimated at approximately US $ 15 - 30 billion
per year. Asian countries, which hold approximately 55% of the global market supply, also make a significant
contribution to their national economies through this sector (Globefish, 2021).

Countries with tropical climates, which are not economically powerful, are among the countries that generate
a great source of income through marketing aquarium fish to foreign countries by catching or breeding. Indonesia,
India, and Singapore are the leading countries with the most employees in this sector. It is estimated that around
one million people earn their living in the aquarium sector in developing world countries (Hekimoglu, 2006).

The Cichlidae family constitutes the largest family of ornamental fish. Altinkoprii (1981) reported that the
Cichlidae family had 100 genera and more than 1.000 species also, Riehl and Baensch (1985), 160 genera, and
900 species. Its natural habitats are the northwestern parts of Africa and the southern regions, Cuba, Tahiti and
Argentina, South India and Sri Lanka (Ceylon) in Asia, and the regions extending from South Texas to Central
America in the south and central America. There are 700 species in Africa, more than 200 species in America, and
3 species in Asia (Riehl and Baensch, 1985). The natural habitat of electric yellow cichlid fish is Lake Malawi,
the 9th largest lake in the world and the last of the valley lakes, located in Africa. The oxygen level is very low
after about 200 metres (Grzimek, 1972). Sir John Kirk conducted the first study carried out on Lake Malawi in
the 19th century, and later Albert Gunther and Boulenger identified many Cichlid species with their studies.
Cichlids have a single dorsal fin, the anterior part of the dorsal fin is hard-beamed, and the posterior part is soft-
beam. Its sidelines are usually in two parts. They are 5-30 cm in height and can reach a maximum length of 80 cm.
In many parts of the world, some species are grown as edible fish to meet the animal protein needs of people (Riehl
and Baensch, 1985).

Electric yellow cichlids (Labidochromis caeruleus) fish are known as a peaceful species in aquariums. Adults
can reach 10-12 cm in length. Electric Yellow Cichlids can live in the same aquarium with all cichlid species.
These fish like to live on shallow cliffs. Therefore, there should be objects in the aquariums where the fish can
hide. Since electric yellow cichlids damage the plants in their aquariums, the plants are not desired in the
environment (Alpbaz, 2000).Labidochromis caeruleus, which is the subject of the research, is known as electric
yellow cichlid among aquarists, as Blue Streak Hap (Kullander, 1997) abroad, and as electric yellow cichlid on
various websites.

Since the species belonging to the cichlid family live in various habitats, they are fully compatible with
environmental conditions and ecological characteristics and compared to other fish families. A water temperature
between 22-28°C is the most suitable value for their life. They generally prefer live baits (Tubifex, Enchytraeus
albidus, Daphnia sp., Cyclops sp., Artemia salina nauplii) (Altinképri., 1981; Riehl and Baensch., 1985). At the
same time, in closed system cultivation, it is necessary to use carotenoid-added feeds, which act as antioxidants in
biological systems and as precursors of vitamin A in the endocrine and immune system, in order for the fish to
have healthy and vibrant colors (Samli et al., 2005).

Approximate operating costs in animal production 70 % of feed costs (Samli and Onarbay, 2011). Similarly,
total feed in fish farms has a high value compared to other operating costs. This allows businesses to keep feed
costs as low as possible and reduce the cost of fish. Feeding frequency plays an important role in growth, survival
rate, water quality and treatment, especially in fish (Davies et al., 2006). Various researches have been made
according to different fish species and different numbers in their research. Mabroke et al. (2021), tilapia fish fry 1,
2,3, 4 and 5 times a day with 32% protein feed, Oz et al. (2017) Cyprinus carpio fry, 2, 3 and 5 times a day with
47.5% protein feed for 60 days; Kasiri et al (2011), Pterophyllum skalare fry with a weight of 0.87 grams per day
1, 2, 4 and every other day; Davies et al. (2006) in Heterobranchus longifilis fry with feed with 40 % protein once
a day, once every other day and twice a day and Sultana et al. (2001) in their studies; Cyprinus carpio fry ranging
from 5.61 g to 7.81 g with feed with 33% protein, which they feed at a rate of 5% of their daily body weight, 2, 3,
4, 5 and 6 times a day.
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2. Materials and Methods

2.1. Trial plan and type of fish

The research was carried out in the Vocational School of Technical Sciences aquaculture laboratory of
Tekirdag Namik Kemal University (Figure I).

Figure 1. Trial Plan

The experimental fish were obtained from a producer engaged in commercial aquarium fish farming in Istanbul.
60 Electric yellow cichlid fries (Labidochromis caeruleus) the healthiness of which were ensured, were used in
the study. Before starting our experiment, the fish were subjected to a 7 day adaptation and 10 day feed
acclimatisation process. In the research to be conducted with baby electric yellow cichlid fish, 12 aquariums made
of glass with dimensions of 100 * 33 * 34 cm were used. Aquariums were provided with both biological filtration
and aeration using central filtration. In this research, rested chlorine-free tap water was used in aquariums with a
water height of 30 cm. During the research, the temperature of the water was kept constant at 24 + 2°C through
thermostat heaters.

Electric yellow fish are timid species. They want environments where they can be kept in the aquarium. This
needs to be placed in the aquarium with materials that can be hidden such as rocks. For this purpose, one PVC
pipe is placed in aquariums. Bottom material such as sand and gravel is not placed at the bottom of the aquarium.
Thus, bottom cleaning could be carried out more quickly and without stressing the fish. In order to remove the
chlorine used by the municipality to disinfect the water for public health, the aquariums were rested for 24 hours
after they were filled. The experiment was conducted with 3 replications, using 4 different number of meals: 1
meal a day, 3 meals a day, 5 meals a day, and 1 meal every other day. Feeding of the fish took place at 9 am for 1
meal per day; at 9 am, 1 pm, and 5 pm for 3 meals per day; at 9 am, 11 am, 1 pm, 3 pm, and 5 pm for 5 meals per
day; and at 9 am for 1 meal per day.

Among the water quality values measured during the experiment, salinity was recorded as 289.6 ppm, TDS
481.9 ppm, conductivity 628.3 uS, aquarium temperature 26.3 °C, ambient temperature 27.4 °C, ambient humidity
69.3, pH 8.0 and Oxygen 10.0.

2.2. Trial feed used

Commercial Dainichi Veggie Fx brand herbal 1 mm size sinking feed was used in feeding fish, and the
nutritional content of the feed used is given in Table 1. The fish were fed to 5% of their live weight. The bottom
was cleaned twice a week, equal to one-third of the aquariums, and the water equivalent in temperature to water
in the aquariums was added to the aquariums to remove the feed residues and facces accumulated in the aquariums.
The weight measurements of the fish used in the experiment were made every 20 days with an AND brand digital
scale with an accuracy of 0.01 g (Figure 2). Length measurements were made with a plastic ruler. When weighing,
the fish were placed in a container (with the tare determined) with water from the aquarium of the given fish, and
they were then weighed one by one. On the weighing days, the fish were not fed, and the weighing days were not
included in the experiment period.
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Table 1. Nutritional content of the feed used

Crude protein Crude oil Crude fiber Moisture Ash

39 5 4 9 12

In order to evaluate the data obtained at the end of the experiment;
Xo= Average body weight per trial (g)

Xi1= Average body weight at the end of the trial (g)

Yo= Average height per trial (cm)

Y= Average height at the end of the trial (cm)

d= Trial period (days)

Average live weight gain (g) = X1-Xo

Average height increase (cm) = Y1-Yo

Proportional growth rate (weight) (%) = (X1-Xo) / Xo x 100
Proportional growth rate (height) (%) = (Y1-Yo) / Yo x 100

Daily absolute height increase (cm) = (Xi-Xo) / d

Daily absolute body weight gain (g) = (Y1-Yo) / d

Specific growth rate (%day™") = ((InXi-InXo) / d) x 100 (Celikkale, 1994) formulas are used.

Figure 2. Individual weight measurement

2.3. Statistical analysis

IBM SPSS Statistics 25.0 package program was used for the statistical analysis of the data obtained from the
analyzes, and analysis of variance (One-Way Anova) was applied in the multi-group comparisons and the differences
between the averages were determined by the Tukey Test (p<0.05).

3. Results and Discussion

3.1. Body weight and height increase

At the end of the research, the body weights obtained with the number of meals 1, 3, 5 and 1 every other day applied
to fish fed with 5% of their body weight were 3.696 + 1.517 g, 4.757 + 1.898 g, 3.786 + 1.539 g and 3.380+ 1.318 g,
respectively (Table 2). Likewise, at the end of the trial, the total heights obtained with the number of meals 1, 3, 5 and
1 every other day were measured as 5.726 + 0.675 cm, 6.300 £ 0.530 cm, 5.640 = 0.776 cm and 4.562 + 1.952 cm,
respectively (Table 3). The daily absolute height increase (cm), daily absolute body weight increase (g) and the specific
growth rate (% day™") are shown in Table 4 is also given.

In our study, although there was a numerical difference in weight measurements in yellow princess fish fed as 1, 3,
5 meals a day and 1 meal every other day, there was no statistically significant difference (p <0.05). However, as seen
in Table 4, the specific growth rate is high in fish fed 3 meals a day, followed by fish fed 5 and 1 meals a day,
respectively, and finally fish fed 1 meal every other day. When we look at the height increase rates of the fish in Table
3, it was observed that the fish in the groups fed 1, 3 and 5 meals a day were statistically different from the fish fed
with 1 meal every other day.
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Table 2. Average live weight of fish at the beginning and end of trial, average weight increase and
proportional growth rate

Grouns Xo (g) Xi(g) Average live Proportional
& X0+ Sx X1£Sx weight gain (g)  growth rate (%)
1 meal a day 1.516+0.486 3.696+1.517* 2.180 143.799
3 meal a day 1.536+0.462 4.757+1.898* 3.221 209.700
5 meal a day 1.476+£0.518 3.786+1.539* 2.310 156.504
tmealevery ) 517.0.538 33801318 1.863 122.808
other day

Means within rows with different superscripts differ from each other (p < 0.05)

Table 3. Average length of fish at the beginning and end of trial, average height increase and
proportional growth rate

Groups Yo (cm)_ Y1 (cm)_ Average height Proportional
yo =+ Sx y1+Sx increase (cm) growth rate (%)
1 meal a day 4.460+0.488 5.726+0.675° 1.266 28.385
3 meal a day 4.586+0.394 6.300+0.530° 1.714 37.374
5 meal a day 4.500+0.539 5.640+0.776 1.140 25.333
1 meal every other day 4.520+0.534 4.562£1.952° 0.042 0.929

Means within rows with different superscripts differ from each other (p < 0.05)

Table 4. Daily absolute height, body weight gain and specific growth rates obtained at the end of the trial

Groups Daily absolute height  Daily absolute body Specific growth
p increase (cm) weight gain (g) rate (% day™)
1 meal a day 0.021 0.036 1.485
3 meal a day 0.028 0.053 1.883
5 meal a day 0.019 0.038 1.570
I meal every 0.0007 0.031 1335
other day

The results obtained are evaluated with the studies in the literature; Mabroke et al. (2021), a total of 300 tilapia
fry with an average of 7.9 g + 0.03 fed with a feed with 32% protein per day for 60 days 1, 2, 3, 4 and 5 assumed.
No statistical difference (p> 0.05) was found between the groups determined in the study in terms of growth
parameters. In a different studies, Oz et al. (2017) fed 18% of koi (Cyprinus carpio) fry with an average weight of
0.01540.001 g with commercial aquarium fish food for 60 days 2, 3 and 5 times a day. As a result of the statistical
analysis, they reported that the difference between the groups was insignificant in terms of average live weight
gain, feed utilization rates, specific growth rates and survival rates in carp juveniles. Although there was no
statistical difference (p> 0.05) in the data obtained at the end of the experiment, the growth values increased as the
frequency of feeding increased. When the data obtained at the end of the trial are examined, it is similar to our
study in terms of body weight gain.

As a different result according to the data obtained in our study; Kasiri et al. (2011), four groups of angel fish
juveniles (0.87 = 0.01 g; 3.98 £+ 0.08 mm) were fed either four meals per day (F1), two meals per day (F2), one
meal per day (F3) and every other day (F4) for 90 days. Final live weight and specific growth rate (SGR) values
of group F1 and F2 were significantly higher than those of the other groups (P < 0.05). Also, Davies et al. (2006)
Heterobranchus longiphilis fry were fed once a day, twice a day and once every two days with the feed with a
crude protein content of 40% for 56 days. Sultana et al. (2001) Cyprinus carpio juveniles fed 2, 3, 4, 5 and 6 times
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a day for 45 days with a feed with 33% crude protein. At the end of the feeding trial, significantly different and
higher (p<0.05) growth response was observed in treatment C having a feeding frequencies of 4 times a day.
Although there was no statistical difference in terms of weight gain in yellow princess fish, a statistical difference

was obtained as an increase in length growth in the frequency of feeding in fish.

3.2. Survival rate

Kasiri et al (2011), There was no significant difference (P > 0.05) in survival rate among the treatments. Davies
et al (2006), survival was not significantly different among treatments except for fingerlings fed once every other
day. Considering the mortality rates in fish with different meal numbers tested in our study, there was no death in
the groups fed 1, 3 and 5 meals a day. However, death was observed in the group that received one meal every
other day. Considering the distribution of the number of deaths in this group, a total of 7 fish deaths were detected,
2 in the second measurement, 4 in the third measurement and 1 in the last measurement (Figure 3).

16
14 -
12 m | meal every other
10 - day
8 -
6 ® 1 meal a day
4 |
2
0 3 meal a day
s & &
@6@ @6‘@ @6‘@ & 5 meal a day
N N N N
& & o &
N v %’ x

Figure 2. Survival rate
4. Conclusions

The frequency of feeding varies according to the workforce, size, production system of an enterprise, the type and
size of the fish being grown. Feeding frequency has a direct effect on the growth and feed conversion rate of fish.
However, determining the density of feeding in ideal conditions also reduces the cost of feed. As a result of our research;
no statistical difference was found between the number of meals administered in the study in terms of average body
weight gain and specific growth rate. However, according to the results obtained in the length of the fish, a statistical
difference was found between feeding 1 meal every other day and the number of other meals. As a result, considering
the fish health and feed cost, 3 times daily feeding frequency of the fish was considered sufficient.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Orta Karadeniz Bolgesinde Kirsal Alanlar icin Keten Bir Sans Mi? Karhlik Analizi ve
Yapilabilirligi

Is Flax a Chance for Rural Areas in the Middle Black Sea Region? Profitability Analysis and
Feasibility

Esin HAZNECI", Sahane Funda ARSLANOGLU?

Oz

Bu caligma liflik keten yetistiriciliginin Orta Karadeniz Bolgesinde karli bir iiretim faaliyeti olarak yapilabilirligini
ve kislik bugdaya alternatif bir {irlin olup olamayacagini ortaya koymak amaciyla yapilmistir. Arastirmanin ana
materyalini 2019-2020 iiretim déneminde Sinop ve Samsun illerinde 3 farkli lokasyonda yapilan deneme
alanlarinda g¢iftci kosullarinda yetistirilen liflik keten iiretim verileri olusturmustur. Samsun ili Bafra il¢esi Elifli
kdyi, Sinop ili Merkez ilge Tagmanli koyil ve Sinop ili Ayancik ilgesi Sokiicayirt kdyii lokasyonlart igin keten
iiretim maliyetleri ve karliligi ayr1 ayr1 hesaplanmis, daha sonra Samsun ve Sinop illeri ortalama bugday iiretim
maliyeti ile karsilagtirilmistir. Aragtirmada incelenen lokasyonlarin tamaminda masraflar igerisinde en biiyiik pay1
degisken masraflarin olusturdugu saptanmistir. Sinop ili Ayancik ilgesi Sokiigayir1 kdylinde toplam masraflarin
yaklasik %89’u, Sinop ili Merkez ilge Tagmanli kdyiinde %83’li ve Samsun ili Bafra ilgesi Elifli kdytinde %81°1
degisken masraflardan olugmaktadir. Sinop ili Merkez ilge Tagmanli kdyii ve Samsun ili Bafra ilgesi Elifli koyi
lokasyonlarinda keten tiretim faaliyetinde bulunan isletmeler iiretim masraflarinin tamamini karsilayabiliyorken,
Sinop ili Ayancik ilgesi Sokiicayir1 koyli lokasyonunda faaliyet gosteren isletmelerin iretimin degisken
masraflarin1 dahi kargilayamadiklar1 gozlenmistir. Arastirma sonucunda, kismen veya tamamen mekanizasyonla
yapilan liflik keten iiretiminin bolgede yetistirilen bugdaya gore daha karh oldugu tespit edilmistir. Isletmeler tiim
masraflarim karsiladiktan sonra Sinop ili Merkez ilge Tasmanlh kdyiinde 715.3 TL da!, Samsun ili Bafta ilgesi
Elifli kdyiinde 533.2 TL da’' net kér elde etmislerdir. Tamamen el is¢iligi ile iiretilen keten lifinden ise zarar
edildigi saptanmistir. Arastirma sonucunda, liflik keten yetistiriciliginde yiiksek verim ve karlilik igin tiim
islemlerin mekanizasyonla yapilmasmin yani sira, bakim ve kiiltiirel islemlere gerekli 6zenin gosterilmesi
Onerilmektedir.
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Abstract

This study was carried out to reveal the feasibility of fiber flax cultivation as a profitable production activity in the
Middle Black Sea Region and whether it can be an alternative product to winter wheat. The main materials of the
research were the production data of fiber flax grown under farmer conditions in the trial areas in 3 locations in
Sinop and Samsun provinces during the 2019-2020 production period. Flax production costs and profitability were
calculated separately for the locations of Elifli village in Bafra district of Samsun province, Tasmanli village of
Sinop province central district and Sokiicayir village of Sinop province Ayancik district, and then compared with
the average wheat production cost of Samsun and Sinop provinces. It was determined that variable costs constitute
the largest share of the costs in all of the locations examined in the study. Approximately 89% of the total expenses
in Sokiicayir1 village in Ayancik district of Sinop province, 83% in Tagmanli village in the central district of Sinop
province and 81% in Elifli village of Bafra district in Samsun province consist of variable expenses. It was also
observed that the enterprises in Sinop province central district Tasmanli village and Samsun province Bafra district
Elifli village could cover all the production costs, while the enterprises in Sokiicayir village of Ayancik district in
Sinop province cannot cover even the variable costs of production. As a result of the research, it was determined
that fiber flax production, which is partially or entirely mechanized, is more profitable than the wheat grown in
the region. After covering all their expenses, the enterprises made a net profit of 715.3 TL da™' in the Tagsmanl
village of central district in Sinop province and 533.2 TL da’' in the Elifli village of Bafra district in Samsun. It
was determined that farmers growing flax fiber by hand made a loss. Therefore, it was suggested that all processes
should be done with mechanization for high efficiency, and profitability in fiber flax cultivation, as well as cultural
practices should be paid attention.

Key Words: Fiber flax, Wheat, Production costs, Profitability analysis, Sinop, Samsun, Turkey
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1. Giris

Keten bitkisinin, marjinal alanlardan birinci sinif tarim arazilerine kadar birgok iklim bolgesinde yazlik veya
kislik olarak tarimi yapilabilmektedir. Lif ve tohumlarindan yararlanilan ketenin anavatan1 Akdeniz havzasidir.
Lifleri ev tekstili, perde, yazlik kiyafetler gibi alanlarda hammadde saglamanin yani sira, tekstilde kullanilamayan
lif artiklar1 degerli kagit yapiminda kullanilmaktadir. Kuruma 6zelligine sahip olan tohum yagi, yagl boya
sanayisinin temel hammaddesidir. Yag1 alindiktan sonra kalan kiispesi gida takviye edici iirlin ve yem amagh
degerlendirilmektedir (Shuster, 1992). Keten, pamuktan sonra diinyada kullanimi en fazla olan bitkisel lif kaynag:
olmasina ragmen, pamugun ve sentetik lif kaynaklarmin kullanim oraninin artmasiyla ekim alani tiim diinyada
hizla azalmigtir. Buna ragmen dogal liflere olan ilgi nedeniyle keten iiretimi ve keten kumasi kullanimi varligini
az ya da cok siirdiirmiistiir (Kiryluk ve Kostecka, 2020). Tiirkiye’de en fazla iiretimi yapilan lif bitkisi pamuktur,
ancak pamuk lifi iretimi toplam tiiketimi karsilayamamaktadir. Tekstil sektoriiniin ihtiya¢ duydugu hammaddenin
yartya yakini ithalatla karsilanmaktadir (Aytac ve ark., 2020). Pamugun yetistirilme olanaginin bulunmadigi iklim
kosullarinda ve alanlarda yetistirilebilecek en 6nemli lif bitkilerinden birisi ketendir.

Karadeniz Bolgesi sahil kusag ve i¢ gegit bolgelerinde kislik olarak ekilebilmesi ve miinavebe alanlarinda da
degerlendirilebilmesi bakimindan dnem arz eden keten bitkisi; uzun, kaliteli ve dayanikli lifi ile tekstil sanayi igin
alternatif bir kaynak olma potansiyeline sahiptir (Yi1lmaz ve Uzun, 2019). Tiirkiye, diinyada keteni lif amagli, kislik
yetistirebilen nadir iilkelerden biridir. Karadeniz Bolgesi’nde Samsun’dan $ile’ye kadar olan sahil kesimi ile Ege
bdlgesinde bazi il ve ilgelerde (Izmir-Odemis-Tire) kishik ekilmektedir. Buna ragmen son 20 yildir gerek keten lifi,
gerek tohum ve diger iirlinleri olmak {izere tiim keten mamullerini ithalatla karsilanmakta, farkli 28 tiriinde keten
ve lriinleri ithalati yapilmaktadir. Lif ihtiyacinin %73.3’iinii Avrupa Birligi (AB) iiyesi iilkelerden, diger kismi
Cin’den kargilamaktadir. Bu amagla, 2019 yilinda keten lifi/iplik igin yaklagik 35 milyon dolar, tohum igin 8
milyon dolar d6viz harcanmistir (Aytag ve ark., 2020).

Keten ekimi 1964 yilindan sonra hizla azalmaya baglamistir. Sentetik liflerin daha ucuz olmasi,
islenebilirliginin kolayligi, istenilen zamanda ve miktarda elde edilebilir olmalar1 nedeniyle; keten, kenevir gibi
iiretimi is¢ilik gerektiren liflerin kullanimi azalmistir. Bununla birlikte dogal liflerde kalitenin gevre kosullar ve
isleme yontemlerine gore degiskenlik gostermesi, standart kalitede liflere ulagmay1 zorlastirmistir. Ayrica keten
ve kenevire alternatif olabilecek bugday, misir, seker pancart gibi tarim {riinlerinin iiretiminin biiyiik oranda
mekanizasyona dayali olmasi, keten ve kenevirde iscilik maliyetlerinin yiiksekligi, bu bitkilerin kitik ve kisa
liflerini kullanan kagit fabrikalarinin kapatilmasi da keten tariminin azalmasina neden olmustur. Fakat keten lifinin
kullanim alanindaki yarayishligi, lifinin esnekligi, parlakligi, dayanikliligi nedeniyle yazlik kumaslar ve ev
tekstilinde 6nemli bir kaynak olmasi, Fransa, Belgika, Rusya gibi iilkelerde iiretiminin devam etmesine neden
olmustur.

Keten bitkisi etkili kok derinligi 10 cm olan zayif kdk yapist ile topraktan bugday, arpa gibi bitkilere gore daha
az besin maddesi kaldirmaktadir. Diinyada kislik olarak nadir ekilen iilkelerden birisi Tiirkiye’dir (Turan, 2000).
Herhangi bir hastalik ve zararliya karsi kislik ekimlerde pestisit kullanimi1 yok ya da azdir. Tiirkiye’de keten
tariminin artmamasinin en énemli nedeni, hasat- harman mekanizasyonunun olmamasi ve liflerin ipe ve tekstile
dontistiiriilmesi agsamalarinda gerekli teknolojinin eksikligidir. Bu durum giliniimiizde ketene dayali tekstil
tirlinlerinin ve keten ipliginin ithalatin1 zorunlu hale getirmistir.

Konu ile ilgili literatiir incelendiginde, keten iiretim yontemi ve pazarlamasi ile ilgili ¢alismalarin daha ¢ok
yurt disinda yapildig dikkati ¢ekmektedir (Heller ve ark., 2014; Foulk ve ark., 2011; Bourmaud ve ark., 2010;
Smeder ve Liljedahl S., 1996; Foulk, 2002; Akin, 2000; Robinson, 1936; Howard, 1941; Powers, 1936; Rada ve
DeLoach, 1942). Bu konu ile ilgili yurt i¢inde yapilmis ¢alisma sayisi oldukg¢a sinirlidir (Arslan ve ark., 2011,
Arslanoglu ve ark., 2017). Keten maliyeti ve ekonomik yonil ile ilgili caligmalar arastirldiginda dogrudan liflik
ketenin maliyeti ile ilgili olarak yalnizca Kuhlman ve Robinson’in 1938 yilinda yaptiklar1 ¢aligmaya rastlanmusgtir.
Son yillarda konu ile ilgili diger ¢aligmalar daha ¢ok kompozitler i¢in yeni diisiik maliyetli keten lifi tiretimi ve
optimizasyonu (Hosseinzadeh ve ark., 2020; Li ve ark., 2020, Megahed ve ark., 2020, Deng ve ark., 2019, Savran
ve Aydin, 2018) ve liflerin ¢esitli uygulamalar i¢in uygun maliyetli islenmesi ve atiklarinin geri doniistiiriilebilmesi
ile ilgili oldugu goriilmektedir (Xu ve ark., 2017; Kaur ve ark., 2016).
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Tiirkiye’de son yillarda neredeyse hig iiretimi olmayan liflik keten iiretiminin, 6zellikle keten yetistiriciligi i¢in
uygun ekolojiye sahip Orta Karadeniz Bolgesi’nde faaliyette bulunan iireticiler i¢in gelir getirici bir firsat olup
olmayacag1 konusunun arastirtlmasi biiyiik 6nem arz etmektedir. Bu nedenle aragtirmada, literatiirde {ilkemizde
daha once hi¢ ¢alisilmamis olan liflik keten iiretiminin maliyetlerine ve karlilik analizine odaklanilmis, bu
arastirma ile lif amagl keten iiretiminin, yetistirilen mevcut {iriin karsisinda karlihk durumunun belirlenmesi
amaglanmistir. Tiirkiye’de tarim sektoriiniin en 6nemli ve giincel sorunlari arasinda yiiksek {iriin maliyetleri, kiiciik
ve parcali isletme yapisi ve tarim isletmelerinin biiylik ¢ogunlugunda muhasebe kayitlarinin tutulmamasi
goriilmektedir. Muhasebe kayitlarinin tutulmamasi nedeniyle isletmelerde maliyetlerin ve gelirlerin tespitinde
cogunlukla anket yoluyla toplanan veriler kullanilmaktadir. Bu verilerin dogru elde edilmesi ve analizi ise
uygulanacak politikalarin uygun tespit edilmesine ve sahadan veri toplayan teknik elemanlarin niteliklerine bagh
olmaktadir (Keskin ve ark., 2014). Bu arastirmanin deneme alanlarinda yiiriitiilmils olmas1 ve iireticilerin
uygulamalarinin bizzat gézlenmesi nedeniyle, verilerin dogrulugu ve giivenilirligi bakimindan da ¢caligma 6nemli
goriilmektedir.

Diinya genelinde 240293 hektar alanda liflik keten {iretimi ger¢eklestirilmekte ve bu alanda 868373 ton keten
lifi tiretilmektedir (Sekil 1). Toplam iiretimin %97’si Avrupa iilkelerinde gergeklestirilirken, iiretimin geri kalam
Afrika, Amerika ve Asya’da yapilmaktadir (Seki/ 2) (Anonim, 2020a).
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Figure 1. Production/yield quantities of flax fibre and tow in World (Total), 2018
Sekil 1. Diinya toplam keten lifi ve kitik iiretim alani/verim miktarlary, 2018
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Figure 2. Production share of flax fibre and tow by region, 2018
Sekil 2. Kitalara gore keten lifi ve lif iiretim payr, 2018

Ortalama tiretim miktarlar1 1994-2018 yillar1 dikkate alindiginda, diinya keten lifi iretiminde ilk siray1 yaklagik
444732 ton ile Fransa, ikinci sirada 219885 tonla Cin ve iigiincii sirada 45211 ton ile Rusya Federasyonu yer
almaktadir. Keten lifi iiretiminde bu iilkeleri sirasiyla Belarus, Belcika, Hollanda, Birlesik Krallik, Belgika-
Liiksemburg, Misir ve Ispanya izlemektedir (Sekil 3) (Anonim, 2020a). Sekil 3'de goriildiigii iizere Tiirkiye bu
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siralama igerisinde bulunmamaktadir. 7ablo 1’de Tiirkiye’de 1988-2019 yillar1 arasinda tekstil sektoriinde
kullanilmak amaciyla iiretilen liflik keten iiretim verileri gériilmektedir.
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Figure 3. Production of flax fibre and tow: top 10 producers average 1994-2018 (tonnes)
Sekil 3. Keten lifi ve katik iiretiminde ilk 10 iilkenin iiretim ortalamast 1994-2018 (ton)

Tablo 1. Liflik keten iiretim verileri 1988-2019, Tiirkiye
Table 1. Fiber flax production data 1988-2019, Turkey
Ekilen alan (da) Uretim (ton)  Verim (kg da™)

1988 49.000 600 12
1989 43.400 408 9
1990 28.000 101 4
1991 21.440 44 2
1992 11.760 45 4
1993 7.450 45 6
1994 13.350 35 3
1995 6.500 42 6
1996 3.550 17 5
1997 3.550 20 6
1998 3.200 16 5
1999 3.850 10 3
2000 3.200 7 2
2001 2.900 17 6
2002 2.500 50 20
2003 2.500 55 22
2004 2.200 55 25
2005 1.760 6 3
2006 1.460 8 5
2007 806 6 7
2008 670 1 1
2009 20 1 50
2010 100 3 30
2011 82 4 49
2012 0 0 -
2013 0 0 -
2014 0 0 -
2015 15 0.6 40
2016 25 1 40
2017 50 2 40
2018 50 3 60
2019 25 2 80
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Tablo I' gore, 1990’11 yillara kadar oldukca genis alanlarda iiretilirken, bu yillardan sonra hizla azalmis, hatta
baz1 yillarda tohum ya da lif amagli hig ekim yapilmamustir. Gliniimiize gelindiginde ise, 25 dekar gibi yok denecek
kadar az bir alanda ekimi yapilmis ve dekarda 80 kg keten lifi Giretimi ger¢eklesmistir (Anonim, 2020b).

Tiirkiye, liflik ve yaglik amagla keten yetistirmeye uygun ekolojiye sahip olmasina ragmen, Tiirkiye Istatistik
Kurumu (TUIK) verilerine gore, 2004 yilindan beri liflik, 2012 yilindan bu yana yaglik keten ekilisi neredeyse
yapilmamaktadir. Tiirkiye’de her asamasi tamamen el is¢iligine dayali olan keten tarimi, is¢ilik maliyetlerinin
yiiksekligi ve ekimden- iplik elde etmeye kadar tiim iiretim agamalarinin insan giiciine dayali olmas1 nedeniyle
tarimsal iiretim igerisinde yerini koruyamadigi dikkati ¢ekmektedir (Arslanoglu ve ark., 2017). Son yillarda
ketenin yeniden iiretime kazandirilmasiyla ilgili baslatilan ¢aligmalarla liflik keten ekilisi 2015 yilinda 15 dekarla
baslayip, ancak 115 dekara kadar yiikselmis (Aytag ve ark, 2020), hasat ve lif siyirma, ipe doniistirme
asamalarinda geleneksel yontemlerin digina ¢ikilamamasi ve mekanizasyonun yetersizligi nedeniyle istenen hizda
artig saglanamamustir.

Giiniimiizde, diinya tekstil sanayisinin pamuk dis1 lif kaynaklarina ihtiya¢ duymasi, bunlar1 harmanlayarak
yeni-alternatif dokumalar tiretmek istemesi nedeniyle (Shuvo, 2020) i¢ ve dis piyasada tekstil sanayisinin talep
ettigi ve bugilin tamamini ithal ettigimiz homojen kalitede keten lifi ihtiyaci her gecen giin artmaktadir (Anonim,
2000). Diinya toplam tekstil ihracatinda 8.2 milyar dolarlik ihracat ve %3’liik pazar payi ile 7. sirada yer alan
Tiirkiye i¢in bu konu olduk¢a 6nem arz etmektedir (Anonim, 2018). Bu nedenle g¢alismanin temel amaci, liflik
keten yetistiriciliginin Orta Karadeniz Bolgesinde karli bir liretim faaliyeti olarak yapilabilirligi ve bolgede yaygin
olarak yetistirilen kislik bugdaya alternatif bir {irin olup olamayacagini aragtirmaktir.

2. Materyal ve Metot
2.1. Deneme alanlar: ve yetistirme kosullar

Aragtirmalar, 2019-2020 iiretim déneminde Sinop ve Samsun illerinde yiiriitiilmiistiir. Ekimler, 20 Ekim 2019
tarihinde Sinop ili Ayancik ilgesi Sokiicayir1 Koyiinde (41° 51' 58.4136" Kuzey ve 34° 30' 6.0300" Dogu) 12 dekar,
Sinop ili Merkez ilge Tagsmanli kdyii Yeni Cuma mahallesinde (41° 53' 50.7768" Kuzey ve 35° 3' 19.9116" Dogu)
4 dekar gift¢i arazinde ve 25 Ekim 2019 tarihinde Samsun ili Bafra ilcesi Elifli kdyilinde yer alan Yesil Kiire -
Karakdy Tarim Isletmesinde (41° 30' 14.6376" Kuzey ve 35° 59' 23.7444" Dogu) 10 dekarlik bir iiretim alam
olmak tizere {i¢ lokasyonda yapilmustir.

Aragtirma alaninin haritas1 Sekil 4’de gosterilmistir. Lokasyonlar Sinop Ayancik i¢in lokasyon 1, Sinop Merkez
icin lokasyon 2, Samsun Bafra i¢in lokasyon 3 olarak tanimlanmistir. Ekimlerde, 6 kg/da tohumluk hesabiyla
Fransiz orijinli liflik keten ¢esidi Cristo Fiber kullanilmistir. Ekimden 6nce Sinop’taki arazilerde 1 kez derin siiriim,
ardindan tirmiklama yapilmis, sonrasinda elle serpme yontemi ile ekim gergeklestirilmistir. Ekimle birlikte 5 kg/da
saf N hesabiyla 18-46-0 (N-P-K) formunda Diamonyum fosfat giibresi uygulanmis, ilkbaharda sapa kalkma
doneminde 3 kg/da saf N hesabiyla Ure formunda (%46 azot) giibre uygulamasi elle serpme ydntemiyle yapilmustir.
Sinop lokasyonlarinda 6n bitkinin bugday oldugu arazilerde ekim yapilmistir.

Samsun’da yapilan iiretimde ise dnce pullukla derin siiriim, ardindan kiiltivator ile isleme ve bugday mibzeriyle
tohum ekimi yapilmugtir. On bitkinin kenevir oldugu araziye, bir dnceki y1l-kenevir {iretimi i¢in, kenevir ekiminden
once 3 ton/da hesabiyla olgunlasmis tavuk giibresi uygulanmistir. Kenevir hasatindan hemen sonra arazi islenerek
herhangi bir giibre uygulanmaksizin keten ekimi yapilmistir. [lkbaharda, bitkilerin sapa kalktig1 dénemde Skg/da
saf N hesabiyla 13.5-0-45.5 (NO3-0-K20) formiillii yaprak giibresi (CET 46 + ME ticari markali) uygulanmistir.
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Figure 4. A survey of the research areas in Turkey, Sinop and Samsun provinces
Sekil 4. Tiirkiye'deki arastirma alaninin haritasi, Samsun ve Sinop illeri

Uretim alanlarinda iiretim siiresince herbisit kullanilmanus, tarla alan1 icerisinde goriilen otlarla, bitkilerin sapa
kalkma doneminde el is¢iligi ile miicadele edilmistir. Deneme alanlarinda sulama yapilmamistir. Hasatlar, yesil-
sar1 olum déneminde tiim lokasyonlarda Temmuz ayimin ilk haftas1 tamamlanmugtir.

Denemelerin yiiriitiildiigii Samsun ve Sinop lokasyonlarinin iklimi birbirine benzer olup, ki aylarinin 1lik
gectigi, 1liman Karadeniz iklimidir. Sinop Ayancik lokasyonunda (lokasyon 1) toprak killi yapida, organik madde
icerigi orta, fosfor bakimindan yiiksek, potas bakimindan orta diizeyde, pH diizeyi 6.5 ve egim %6’dir. Sinop
Merkez ilge Tagmanli lokasyonunda (lokasyon 2), killi, organik madde diizeyi orta, pH diizeyi 7, egim %4,
potasyum ve fosforca orta diizeyde belirlenmistir. Samsun Bafra lokasyonunda (lokasyon 3) ise toprak yine killi
yapida, organik madde seviyesi yiiksek, fosforca zengin, potasca orta diizeyde, pH 6.5 ve egim %3 6l¢iilmiistiir.

Samsun Bafra, Sinop Merkez Tagmanli ve Sinop Ayancik lokasyonlari igin keten iiretim maliyeti ayr1 ayri
hesaplanmis, daha sonra Samsun ve Sinop illeri bugday ortalama iiretim maliyeti ile karsilagtirilmistir. Her
lokasyonda farkli uygulamalar yapilmis olmasi nedeniyle hesaplamalar lokasyonlar i¢in ayr1 ayri verilmistir.
Ornegin ekim ve hasat-toplama uygulamalari lokasyon 3’de mekanizasyon kullanilarak yapilirken, lokasyon 2’de
ekim ve hasat el is¢iligi ile yapilmistir. Keten havuzlama, lif siyirma ve istifleme islemleri ise lokasyon 2 ve 3’de
mekanizasyonla gergeklestirilirken, lokasyon 1’de geleneksel yontemlerle elle yapilmustir.

2.2. Verilerin analiz metodu

Calismada yalnizca keten yetistiriciliginin karlilik durumu incelenmis, isletmede yetistirilen diger iiriinler
dikkate alinmamustir. Arastirmada keten yetistiricili§inin ekonomik olarak karliliginin belirlenmesi amactyla keten
yetistiriciligi igin girdi kullanim miktarlar1 ve toplam iiretim maliyetleri tahmin edilmistir.

Liflik keten tiretim donemi masraflart degisken ve sabit masraflar olarak ikiye ayrilmistir. Sabit masraflar
tretim miktarma bagli olmayan masraflar iken, degisken masraflar iiretim miktarina bagli olarak degisen
masraflardir (Erkus ve ark., 1995). Degisken masraflar; derin siiriim, ikileme, tirmik, tohum fide bedeli, ekim,
capalama, ot alma-seyreltme, giibreleme ve isgiligi, zirai miicadele ve is¢iligi, hasat, havuzlama, lif siyirma-
istifleme-taksim, tasima, pazarlama masraflari, tamir ve bakim masraflari, doner sermaye faizinden olusmaktadir.
Déner sermaye faizi T.C. Ziraat Bankasi tarafindan bitkisel iiretim icin agilan kredi faiz oraninin yarisi iizerinden
hesaplanmustir. Sabit masraflari ise; genel idare giderleri ve tarla kiras1 olusturmaktadir. Uretim dénemi sabit
masraf unsuru olan yonetim masrafi degisken masraflarin %3’l olarak hesaplanmus, tarla kirasi {ireticilerin
beyanina gore belirlenmistir. Arastirmada, lireticilerin kendi makinelerini kullanmalar1 halinde, bolgedeki birim
makine kiralar1 esas alinmistir (Kiral ve ark., 1999).

Liflik ketenin karlilik analizi yapilirken briit kér, net kar ve nispi kar hesaplarindan faydalanilmis ve asagida
verilen esitlikler yardimiyla hesaplanmustir (Es.1, Es.2, Es. 3). Gayrisafi Uretim Degeri (GSUD), iiriin fiyat1 ile
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dekara verim degerlerinin carpilmas: sonucu elde edilmektedir (A¢il ve Demirci, 1984; Kral ve ark., 1999;
Tanrivermis, 2000).

Briit KAr = GSUD — Degisken Masraflar (DM) (Es.1)
Net Kar = GSUD — Toplam Uretim Masraflart (TM) (Es.2)
Nispi Kar = GSUD / Toplam Uretim Masraflari (TM) (Es.3)

Keten yetistiriciliginin karlilik durumu; bdlgede yogun olarak iiretimi yapilan bugday iiretim faaliyeti verileri
ile karsilastirilmigtir. Bugday iiretim faaliyetinin gider ve gelirlerine iliskin veriler Samsun ve Sinop illeri Tarim
ve Orman {1 Miidiirliikleri veri tabanlarindan elde edilmistir (TOB, 2020).

3. Arastirma Sonuclari ve Tartisma

Arastirma bolgelerinde liflik keten iiretimi esnasinda farkli yontemler uygulanmis, bu durum ketene ait masraf
ve gelirlerin de farkli olmasina yol agmistir. Bu nedenle ¢aligmada keten tarimindan maksimum fayday1 saglayacak
tiretim geklinin belirlenebilmesi i¢in her iiretim yontemine ait karlilik durumu ayr1 ayri incelenmistir (7ablo 2).

Arastirma sonucunda Sinop ili Merkez ilgesinde gergeklestirilen iiretim yontemi sonucunda liflik keten
karliliginin en yiiksek oldugu bunu Samsun ili Bafra ilgesindeki uygulamalarin izledigi saptanmstir. Fakat Sinop
ili Ayancik lokasyonunda liflik keten {iretiminden zarar edildigi gozlenmistir. Bunun temel nedeni Ayancik’daki
deneme alaninda keten {iretimine ait biitin uygulamalarin hi¢cbir mekanizasyon kullanilmadan elle
gerceklestirilmis olmasidir. Ayrica deneme alaninda yapilan gézlemlerde keten iiretimini gergeklestiren ¢iftcinin,
bakim islemlerini ile tarimsal uygulamalar1 dogru ve zamaninda gergeklestiremedigi, bunun sonucu olarak sap
(325 kg/da) ve tohum (16.5 kg/da) veriminin diger lokasyonlara gore diisiik oldugu belirlenmistir. Bu durum
Ayancik lokasyonunda (lokasyon 1) liflik keten iiretiminden ciddi sekilde zarar edilmesiyle (-620.3 TL)
sonuglanmis, {iretimin degisken masraflar1 (1106.6 TL) dahi kargilanamamustir. Sinop Merkez ilgedeki Tagmanli
kdyi (lokasyon 2) deneme alaninda ise iiretici ketenin iiretim ve bakim siirecini kendisine 6nerildigi sekilde tam
zamaninda uygulamis, bunun sonucunda da dekara alinan keten sap ve tohum verimi yiiksek gerceklesmistir. Lif
ketenlerinin sap verimi ekim tarihlerine, iklim kosullarina bagli olmak kosuluyla 200 — 600 kg/da, tohum verimi
ise 20 — 60 kg/da arasinda degismektedir (Arslanoglu ve ark., 2017). Sapin lif oran1 %20-24 arasinda degiskenlik
gosterir (Turan, 2000). Arastirmada 2 numarali lokasyonda dekara sap (625 kg/da) ve tohum veriminin (60 kg/da)
ortalama degerlerin {ist sinirinda ve hatta iizerinde oldugu, 3 numarali lokasyonda da dekara sap (500 kg/da) ve
tohum veriminin (50 kg/da) oldukgea iyi diizeyde oldugu belirlenmistir. Bu yoniiyle incelendiginde bolgede iklim
ve bakim kosullarmin iyi olmasi durumunda liflik keten {retiminin verim seviyesinin yiiksek olmasi
beklenmektedir. Elde edilen verim degerlerimizin, Tiirkiye’de 2019 yil1 liflik keten verim seviyesinin (80 kg/da)
(Anonim, 2020b) oldukga iizerinde oldugu dikkati cekmektedir.

Lokasyon 2’de keten lifi iiretiminden dekara 832.8 TL briit kar elde edilirken, iiretimin mekanizasyonla
gergeklestirildigi lokasyon 3 (Samsun Bafra) deneme alaninda dekardan 648.2 TL briit kar elde edilmistir. Sonug
olarak isletmeler biitiin masraflarim karsiladiktan sonra lokasyon 2’de 715 TL da’!, lokasyon 3 deneme alaninda
ise 533 TL da™' net kar elde etmislerdir (Tablo 2).

Uretim masraflar1 incelendiginde tiim lokasyonlarda degisken masraflarin payinin sabit masraflara oranla ok
yiiksek oldugu goriilmektedir. Ancak lokasyon 1°de, lokasyon 2 ve 3’e oranla degisken masraflarin oraninin
(%89.3) daha yiiksek oldugu dikkati ¢ekmektedir. Bu durum lokasyon 1’de (Ayancik ilgesinde) hasat-derim-
toplama (233,3 TL da’'), havuzlama (100 TL da™!), lif styirma-istifleme ve taksim islemleri (300 TL da™') tamamen
el isciligi ile gergeklestirildigi igin iscilik maliyetlerinin ¢ok yiiksek olmasindan kaynaklanmistir. Nitekim
lokasyon 1’de toplam degisken masraflarin %57.2’sini bahsedilen bu masraf kalemleri olusturmustur (7ablo 2).

Arastirma sonucunda iiretim siirecinin tamaminin mekanizasyonla gerceklestirildigi lokasyon 3°de degisken
masraflarin (501.8 TL) diger deneme alanlarina gore daha diisiik oldugu saptanmistir (7ablo 2). Lokasyon 2’de de
cogunlukla mekanizasyon kullanilmasina ragmen hasat-derim-toplama siirecinde el is¢iliginden faydalanilmasi
masraflar artirmistir. Sonug olarak tiim lokasyonlarda keten yetistiriciliginin karlilig1 {izerinde en fazla hasat ve
sonrasi is¢ilik maliyetlerinin etkili oldugu saptanmistir. Dolayisiyla hasat iglemleri ve lif elde etme siireglerinde
makinali tarima gegilmesi {iretim masraflarin1 diigiireceginden keten yetistiriciligini daha karli duruma
getirebilecektir.
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Tablo 2. Liflik keten ve bugday iiretim faaliyetleri icin masraflar ve kdarlilik gostergeleri
Table 2. Costs and profitability indicators for fiber flax and wheat production activities

~
- ~ ~ N ~ ~ n ~ —_~ - —_~ ~
= ST = ST = ST S S S
< — 3\ ] — o~ ] — o > — [o\}
< = = < = = < = = o] = =]
I £ £ 3 £ £ 3 £ £ ) £ £
Masraf ve Karhhk ,_°1 o ) = () () = o o é o o
Olgiimleri
| Derin Siirim 7500 678 605  80.50 1377 1146 3480 694 564 5000 12.64  9.85
(Dipkazan veya Pulluk)
,  Ikileme (Kazayag: - 2700 244 218 2616 448 373 3153 628 511 000 000  0.00
Kiiltivator)
3 Tumik 2062 186 166 1610 275 229 2514 500 407 2000 506 3.94
4 Diskaro 0.00 000 000 000 000 0.0 0.00 000 000 3000 758 591
5 Tohum -Fide Bedeli 6400 578 516 6400 1095 9.1 6400 1276 1038 4400 1112 8.67
6  Ekim 4200 380 339 2000 342 285 2049 409 332 2000 506 3.94
7 Ot Alma -Seyreltme 50.00 452 403 2500 428 356  40.00 797 649 000 000 0.00
8  Gilbreleme ve Isciligi 67.00 605 540 6735 1153  9.60 5684 1132 921 9075 2295 17.89
g  Zirai Milcadele ve 2000 181 161 1685 2.89 241  20.13 401 326 2700 683 532
Isciligi
1o Hasat-Derim - 23333 21.08 18.82  100.00 17.10 14.24 5730 1142 929 7200 1820 14.19
Toplama
11 Havuzlama 100.00  9.04 807 7500 12.83 10.68 7500 1495 1216  0.00 0.0  0.00
1o Lifsiyrma-Istifleme- 39000 2711 2420 2587 443 369 1458 291 237 000 000  0.00
Taksim
13 Nakliye. Pazarlama 5500 497 444 4000 684 570 3806 7.59 618 23.00 581  4.53
14 Déner Sermaye Faizi 5270 476 425  27.84 474 394 2389 476 387 1884 475  3.70
15 Degisken Masraflar 1106.65 100 89.26 584.67 100 8327 501.76 100 81.34 39559 100 77.95
Toplami
16  Genel idare Giderleri 3320 2492 268 1754 1489 249 1505 1312 245 1187 1063  2.34
17  Tarla Kirasi 100.00 7508 807 100.00 8511 1424  100.00 86.88 1621 100.00 89.37 19.70
1g  Sabit Masraflar 13320 100 1074 11754 100 1673 11505 100 18.66 111.87 100 22.05
Toplami
19  Uretim Masraflari 1239.85 100 702.21 100 616.82 100 507.46 100
Toplami
o AnaUrin (Sap) 325.00 625.00 500.00 325.00
Verimi (kg da™!)
21 A.na Uriin (Sap) 1.50 1.50 1.50 1.15
Fiyat1 (TL kg™!)
5 Yan Uriin (Tohum) 16.50 60.00 50.00 230.00
Verimi (kg da™!)
23 Y;.m Uriin (Tohum) 8.00 8.00 8.00 0.60
Fiyat1 (TL kg'")
o4  Gayri Safi Uretim 619.50 1417.50 1150.00 51175
Degeri (TL da™)
25  Briit Kar (TL da™) -487.15 832.83 648.24 116.16
26 Net Kar (TL da'!) -620.35 715.29 533.18 429
27 Nispi Kar 0.50 2.02 1.86 1.01

* Ik 4 maddeye ait veriler, ilgili yérede bugdaya ait Tarim ve Orman Il Miidiirliikleri resmi verilerinden alinmustir.
©ran1) Degisken ve sabit masraflar igerisindeki oranlar
©ran2) Toplam {iretim masraflari igerisindeki oranlar

Arastirmanin yapildigi cografyada keten iiretimi, yaygin sekilde ekimi yapilan bugday tarimina bir alternatif
olarak diisiiniilmektedir. Bu nedenle ketenin karlilik analizi bugday karlilig: ile karsilastirilarak Tablo 2°de
sunulmustur. Tablo 2 incelendiginde, mekanizasyonla gergeklestirilen keten yetistiriciliginin ekonomik getirisinin
(lokasyon 2 ve 3), bolgede yogun olarak ekimi yapilan bugdayin ekonomik getirisinden daha fazla oldugu
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saptanmistir. Bolgede bugday iretiminden elde edilen gelirlerin (511.8 TL) ancak masraflar1 (507.5 TL)
karsilamaya yettigi tespit edilmistir.

Nispi kar, isletmeye yatirilan bir birim sermayenin iiretim faaliyeti sonucunda isletmeye getirisini ifade
etmektedir (A¢1l ve Demirci, 1984). Sinop Merkez ilgede keten yetistiren tarim isletmeleri keten yetistirmek iizere
yaptiklar1 1 TL’lik masrafa karsilik 2.02 TL gelir elde ederken, Samsun Baftra ilcesinde 1.86 TL gelir saglanmustr.
Mekanizasyon kullanilmasina ragmen bu lokasyonlar arasindaki farkliligin iklim, toprak farkliliklar1 ve kiiltiirel
islemler nedeniyle ortaya ¢ikmasi beklenen bir durumdur. Lokasyon 2’de hasat derim toplama giderleri (100 TL
da™), lokasyon 3’den (57.3 TL da™!) yiiksek olmasina ragmen ikinci lokasyonda sap veriminin yiiksek olmasi (625
kg/da) net karin daha yiiksek olmasina neden olmustur (715.3 TL da!). Bu lokasyonlarda keten yetistiriciliginde
tiretim faktorlerinin daha etkin kullanildig1 goriilmektedir.

Ancak Sinop Ayancik ilgesinde ise isletmeye yatirilan 1 TL karsisinda 0.50 TL gelir saglanmakta, keten {iretim
maliyetlerini karsilayamadiklar1 i¢in zarar etmektedirler. Diger taraftan, keten yetistiriciliginde iiretimi
mekanizasyonla yapmak, geleneksel yontemle (elle) yapmaya gore daha fazla kazangh hale getirmektedir.
Aydogan ve ark., 2020 yilinda Samsun ili Vezirkoprii ilgesinde yiiriittiikleri kenevir yetistiriciliginin ekonomik
yoniini arastirdiklart ¢alismada, keneviri farkli amaglarla yetistiren isletmeleri incelemisler ve arastirma
sonucunda keneviri liftkitik icin ve tohum+lif+kitik i¢in iireten islemelerin zarar ettigi ancak, keneviri lif+kitik
amagli {iretirken 1if styirma islemini makine ile gergeklestiren isletmelerde kara gegildigini belirlemislerdir. Uriinii
tohum+soyulmamis sap ve yalnizca soyulmamis sap seklinde iiretip pazarlayan isletmelerde ise karliligin daha
yiiksek oldugunu tespit etmislerdir.

Aragtirma sonucunda bugday iiretim verileri incelendiginde, yatirilan 1TL’ye karsilik yine 1.01 TL elde
edilmektedir. Arastirma sonucunda bdlgede dekara bugday verimi ortalama 325 kg ve sap verimi 230 kg olup,
bugdaydan elde edilen gelirlerin toplam masraflarini ancak karsilayabildigi saptanmistir. Erbas (2020), Yozgat
iklim kosullarinda kislik bugday iiretimde nispi kar1 1.10 olarak bulmus, iireticilerin bugday tarimindan pozitif
briit ve net kar elde ettigini, ancak bunun yeterli olmadiginm belirtmistir. Karadas (2016) ise Agr1 kosullarinda,
bugday iiretiminden zarar edildigini, iireticilerin ortalama -0.03 TL da! briit kar ve -26.68 TL da! net kar elde
ettigini, Birinci ve Kiigiik’de (2011), Erzurum kosullarinda bugday iiretim maliyetlerinin yiiksekligi nedeniyle,
bugday tiretimden zarar edildigini bildirmislerdir.

Bugday iiretimi bu boyutuyla uzun dénemde ekonomik olarak siirdiiriilebilir degildir. Ancak miinavebe,
hayvan yemi ve aile ihtiyacini kargilamak amaciyla bugday ekimi gergeklestirilmeye devam etse de, ekonomik
olarak keten gibi karlilif1 yiiksek {iriinlere yonelinmesinde veya ekim ndbetine alinmasinda yarar gériilmektedir.
Ekim ndbeti, siirdiiriilebilir tarim agisindan, tarimsal girdileri azaltan, ¢cevreye dost ve herbisit kalintisina sebep
olmayan yabanci ot miicadelesinde en basarili yontemlerin basinda gelmektedir. Ekim nébeti kiiltiir bitkilerinin
yetistiriciliginde ekim noébeti yabanci ot popiilasyonunun ve hastalik-zararli etmenlerinin azaltilabilecegi, bu
sayede kdiltiir bitkilerinde verimin yiikseltilebilecegi bildirilmektedir (Kara ve ark., 2011; Torun ve Uygur, 2019).

Yapilan ¢aligmalar Arpa + Yonca + Keten + Nadas ekim nobeti sisteminin, Matricaria inodora L., Poa annua
L., Raphanus raphanistrum L., Spergula vulgaris L., Viola arvensis L. yabanci otlarinin gelisimini olumsuz
etkiledigini gostermistir (Rahnavard ve ark., 2009). Yaglik keten yetistiriciliginde farkli ekim nébeti sistemlerinin
arastirildig bir baska ¢alismada (Zhao ve ark., 2020a), keten-keten-keten seklinde iist iiste keten ekimi yapilan
alanlara gore, (patates-keten-keten), (bugday-patates-keten), (keten-patates-keten), (patates-bugday-keten) ve
(keten-bugday-keten) uygulamalar1 ketenin bilylimesi, yaprak alanini, kuru madde birikimini, tohum nitrojen
birikimini, su ve kullanilan azotun verimliligini artirmistir. Rotasyon sistemlerinde keten tohumu verimleri, siirekli
keten ekim sisteminden %22.23 ila %44.11 daha yiiksek bulunmus, Bugday ve patates anizlarinda yetistirilen
ketenler daha fazla dal (%14.24 ve %6.97), kapsiil (%26.35 ve %28.79) ve kuru madde (%41.98 ve %25.47)
olusturmustur. Arastiricilar ekim nobeti uygulamasi ile tohum verimi, kuru madde miktar1 ve verim bilesenlerinin
daha yiiksek bulundugunu, ayni zamanda, su ve giibre verimliligini artirdigini belirlemislerdir.

Karadeniz Bolgesinde bugday tarimi, kislik olarak ekilebilecek bitki tiiriiniin sinirli olmasi nedeniyle (bugday,
arpa, yulaf, fig) genellikle bugday tizerine bugday tarimi seklinde yapilmaktadir. Oysa ekim ndbeti sisteminin
basarist i¢in farkli kok sistemine sahip bitkilerin birbiri ardina ekilmesi gerekir. Boylece, hem bitkisel tiriin miktart,
hem toprak verimliligi (Chacko ve ark., 2019; Wei ve ark., 2020) hem de su tutma kapasitesini (Zhao ve ark.,
2020b) artirmak miimkiin olur. Yapilan c¢alismalar bugday-bugday seklinde yapilan ekimlerde bugdayin tane
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verimi ve kalite kriterlerinde diislisler oldugunu gostermistir (Chaieb ve ark., 2020). Keten, yonca, misir, ¢avdar,
korunga sekerpancar1 kok nematodu ile miicadelede etkili 6n bitki olmalar1 nedeniyle ekim ndbetine alinmalart
onemli katki saglamaktadir (Kara ve ark., 2011). Bu nedenle bugdaydan sona tekrar bugday ekilerek yapilan iiretim
sisteminin uygulandigi iiretim alanlarinda keten bugday ekim nébeti sisteminin uygulanmasi iiriin ve toprak
verimliligini artirmak agisindan yararli olacaktir.

Keten bitkisi, zayif kok sistemi ve yaprak alaninin azlig1 nedeniyle yabanci otlarla rekabeti zayiftir (Carlson,
2008). Bu nedenle genel olarak keten tarimi yapilan ve ekim ndbeti uygulanmayan alanlarda yabanci ot goriilmekte
(Ozcan ve ark., 2014), miicadele edilmemesi halinde liflik veya tohum amagh keten yetistiriciliginde fark
etmeksizin %22-31 oraninda verim diisiisiine neden olmaktadir (Gruzdeviene ve Jankauskiene, 2011; Carlson,
2008).

4. Sonug

Orta Karadeniz Bolgesi’nde segilen kirsal deneme alanlarinda liflik ketenin {iretim maliyetlerini ve karliligini
belirlemek, ketenin bugdaya alternatif olup olamayacagini saptamak amaciyla yapilan bu ¢alismada su sonuglar
elde edilmistir;

- Sinop ili Ayancik ilgesi Sokiigayir1 Koyii (Lokasyon 1) deneme alaninda tiim is¢iligin elle yapilmasi, bakim
islemlerinin aksatilmasi nedeniyle iiretici liflik keten {iretiminden kar elde edememistir.

- Sinop ili Merkez ilge Tagsmanli kdyii ve Samsun ili Bafra ilgesi Elifli kdyiinde (Lokasyon 2 ve 3) iklim ve
toprak kosullarinin da etkisinde olmak kaydiyla, mekanizasyonun kullanilmasi isletmelerin karliligin artirmistir.

- Sinop ili Merkez ilge Tasmanli kdyiinde (Lokasyon 2) ise sadece hasat ve ekim islemlerinin makine ile
yapilmasi, tiim kiiltiirel ve bakim islemlerinin zamaninda tamamlanmasi sonucunda, iireticinin masraflarinin
tamamini karsiladiktan sonra dekara oldukga tatminkar bir kar elde ettigi belirlenmistir.

Aragtirmada, liflik keten yetistiriciliginde yiiksek karlilik i¢in tiim islemlerin mekanizasyonla yapilmasinin
yani sira, dogru ve zamaninda yapilan bakim ve kiiltiirel islemlerin de cok 6nemli oldugu belirlenmistir. Buna gore
liflik keten {iretimi i¢in ireticilerin degisken masraflar icerisindeki is gilicii maliyetleri ile hasat-derim-toplama,
havuzlama, lif siyirma, istifleme ve taksim iglemlerinde mutlaka mekanizasyona yer verilmesinin maliyetleri
onemli derecede diisiirecegi, bolge kosullarinda bugdaya gore 2 kat fazla nispi kar elde edecegi sonucuna
vartlmistir. Bununla birlikte bolgede bugday iiretim alanlarinda bugdaydan elde edilen gelirlerin toplam
masraflarini ancak karsilayabildigi, fakat bugdayin aile ihtiyacini karsilamak iizere tarimsal tiretimde mutlak yer
almas1 gerektigi dikkate alindiginda, kishk ekilen liflik ketenin Orta Karadeniz Bolgesi ve benzeri iklim
kosullarinda bugday ile ekim nébetine alinmasi Onerilmektedir. Boylelikle ¢iftci ailesi temel ihtiyaglarini
karsiladiktan sonra, ayni alandan gelir getirici yeni bir iirlini iireterek gelirini artirma sans1 yakalayacaktir.

Tiirkiye’de tekstil sektoriiniin ihtiyag duydugu pamuk disi hammaddenin iilke kaynaklarindan saglanabilmesi
olanagini artirmak amaciyla, iklim kosullarinin elverisli oldugu bolgelerde gelir getirici bir iiriin olarak liflik keten
yetistiriciligi tesvik edilebilir. Her ne kadar sentetik lifler daha ucuz ve kolay islenebilir olsa da son yillarda talebi
giderek artan dogal, organik {iriinlerin hammadde ihtiyacin karsilamak amaciyla da yetistirilmesi dnerilmektedir.
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