Journal of Tekirdag
Agricultural Faculty

Tekirdag Ziraat Fakdiltesi Dergisi

Issue: 2
Volume: 20

2023

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 20 Say1/ Issue 2 Mayis / May 2023
Owner (On Behalf of Faculty) Sezen ARAT
Tekirdag Namik Kemal University
Editor-in-Chef Duygu BOYRAZ ERDEM
Tekirdag Namik Kemal University
Editorial Management Hiiseyin SARI, Tekirdag Namik Kemal University
Hazim Serkan TENIKECIER, Tekirdag Namik Kemal University
Section Editors 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
Siireyya ALTINTAS, Tekirdag Namik Kemal University
Ilker NIZAM, Tekirdag Namk Kemal University

H. Murat VELIOGLU, Tekirdag Namik Kemal University
A. Siikrii DEMIRCI, Tekirdag Namik Kemal University
Arzu COSKUNTUNA, Tekirdag Namik Kemal University
M. Recai DURGUT, Tekirdag Namik Kemal University
Emine YILMAZ, 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 Thsan ACAR, Ankara University
Hristo 1. 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
Songiil CAKMAKCT, Atatiirk University
Nermina SPAHO, Sarajevo University
Tugrul GIRAY, Puerto Rico University
Mehdi RAHIMI, Graduate University of Advanced Technology
M.Ristii KARAMAN, Afyon Kocatepe University
Josef GORRES, Vermont University
Christina YANCHEVA, Agriculture University
Cafer Sirrt SEVIMAY, Ankara University
Abdurrahim Tanju GOKSOY, Bursa Uludag University
Nurettin TAHSIN, Agriculture University
Janos PAUK, Szent Istvan University
Ramazan DOGAN, Bursa Uludag University
Giirsel DELLAL, Ankara University
Horia GROSU, Agr. Sciences and Veterinary Medicine University
Tiirker SAVAS, Canakkale Onsekiz Mart University
Ignacy MISZTAL, Breeding and Genetics University
Zlatko JANJECIC, Zagreb University

Language Editor Merve AYDOGDU CELIK, Tekirdag Namik Kemal University
Statistics Editor Ismet BASER, 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


https://doktori.hu/index.php?menuid=190&lang=EN&i_ID=23

k] Journal of Tekirdag
0 a Agricultural Faculty
Tekirdag Ziraat Fakiiltesi Dergisi

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

Yayin Tarihi / Publication Date Mayis / May 2023

Yayincy/Publisher Tekirdag Namik Kemal Universitesi, Ziraat Fakiiltesi

Tekirdag Namik Kemal University, Faculty of Agriculture

Yayin Tiirii/Type of Publication Uluslararas1 Siireli Yayin/International Periodical
Yayin Dili/Type of Language Tiirkge ve Ingilizce /Turkish and English
Yayn Periyodu/Publishing Period Dért ayda bir Ocak, Mayis ve Eyliil aylarinda yayimlanir

Triannual (January, May & September)

Tarandig1 indeksler/Indexed by ESCI
TR DIiZIN
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 03
Web http://jotaf.nku.edu.tr

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

Cilt / Volume 20 Say1 / Issue 2 Mayis / May 2023

icindekiler / Contents

Arastirma Makaleleri / Research Articles

Phenological and Morphological Response of Chickpea (Cicer arietinum L.) Rhizobia and Azotobacter
INOCUTALION 1.ttt e bbb R f e bbb e Rt R et s e bbb e bt n e e b en s 230-242
Engin TAKIL, Nihal KAYAN

Some Yield and Quality Properties of Endemic Origanum husnucan-baserii Grown in Different Ecological
(@0 oo 11 (7o) -SSRSO 243-253
Hasan MARAL, Saliha KIRICI

Tiirkiye nin Dogu Anadolu Bélgesi’nde Elazig, Erzincan, Malatya ve Tunceli {llerinde Bulunan Afit parazitoiti
Aphidiinae (Hymenoptera: Braconidae) TUrleri.........cocovviiiiiiiiii s 254-269
Gizem DEMIRHAN Ozlem CETIN ERDOGAN

Farkli Karanlik Kosullarinda IBA ve Kafeik Asidin Karadut (Morus nigra L.) Odun Celiklerinin Koklenmesi
UZEIINE BKISI....ooooevvvvisss s 270-277
Osman Nuri OCALAN, Onur SARACOGLU, Kenan YILDIZ, Fatmanur CEZIK, Ala Asi Mohammed AL-SALIHI

Bahge Traktérleri icin On Koruyucu Mekanizmasi Tasartm ve ImMalati.............cceevoeerveveererecesiesiceeseseseeeseeesessseseneenn, 278-292
Mehmet BAYKUT, ibrahim YAVUZ, Sinasi DUBUS, Sema ATES

Frost Tolerances of Turkish Olive (Olea europaea L.) CUItIVArS.........c.coociiiviiiiii s 293-305
Nurengin METE, Hatice GULEN, Oznur CETIN, Mehmet HAKAN, Ugur GULOGLU, Hulya KAYA, Nurcan ULUCAY

Farkli Ag1z Yapisina Sahip Kiiltivatér Ug Demirlerinin Ceki Kuvveti Uzerine Etkisinin Sonlu Elemanlar Y6ntemi

KUullanilarak BEIITTENIMESI . .....eiviiuiiiieiiiiitieiie ittt sttt b et b e be e bt e be e bt e bt e b e ebeenbe et e e beaneenbesreen 306-317
Mustafa Gokalp BOYDAS
Determination of the Effect of Different Irrigation Regimes on Some Quality Properties of Cucumber .............c.cc.o..... 318-333

Harun KAMAN, Omer OZBEK, Ersin POLAT

Determination of Macro, Micro Element and Heavy Metal Contents of Astragalus Taxa Collected from Nature.......... 334-342
Erdal CACAN, Omer KILIC, Kagan KOKTEN

Measurement of Water Depth in a Class A Pan Using Ultrasonic Transducer and Programmable Logic
COMEIOT (PLC). b 343-352
Cafer GENCOGLAN, Serpil GENCOGLAN, Selguk USTA

Effects of Adding Anti-saline and Humic Acid Foliar Spraying on Yield Parameters of Cauliflower
(BrassiCa 0leracea Var. BOIIYLIS).........ociriiiieiiieiit ettt bbbkttt et nn e et 353-360
Waleed F. HASSAN, Basem Rahem BADER

Investigation of The Physicochemical Properties of Propolis Added ice Creams During Storage............ccce.cvrvvereennne, 361-373
Serdar MEHMETOGLU, Zekai TARAKCI

Golden delicious L. Cesidi Elmanin Kuruma Ozelliklerine On Islemlerin EtKisi.......c..ccoveeveviiveierieesieieeesieeeesesens 374-386
Muhammed TASOVA, Samet Kaya DURSUN

The Effects of Information Pollution on Poultry Companies: The Case 0f TUIKeY ... 387-398
Berkay KESKIN, Erdogan GUNES

Evaluation of the Genetic Structure of Some Accessions Belonging to Onobrychis spp. Using Microsatellite
DINA IMAIKEIS ...ttt ite et et ettt e ete st e steste e sbesae e s beete e beeasesbeets e beeabesbeehe e beeRbesbeess e beenbesbeesaesbeenbesbeeseesbeenbesbeereeabeenbenreenes 399-409
Elbi Cansu YILMAZ, Behiye Banu BILGEN, Metin TUNA

Portakal Yagmin Laboratuvar Kosullarinda Iki Noktali Kirmizidriimeek, Tetranychus urticae Koch
(Acari: Tetranychidae) Uzerine AKarisit EtKIST.......co.ervioieiiiiniiiiiies st 410-417
Ipek YASAR, Sahin KOK, Ismail KASAP

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

59030, Degirmenalti — Tekirdag / TURKEY



k] Journal of Tekirdag
° a Agricultural Faculty
Tekirdag Ziraat Fakiiltesi Dergisi

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

Cilt/ Volume 20 Say1/ Issue 2 Mayis / May 2023

icindekiler / Contents

Arastirma Makaleleri / Research Articles

Determination of the Factors Affecting the Level of Benefit from Young Farmer Project Support in Rural
Development: Tekirdag Sample, TUIKIYE. .......cccoviiiiiiieiiceese e 418-429
Deniz SARI GEDIK, Emine YILMAZ

Estimation of Erosion and Sediment using Gavrilovi¢ Method in Krueng Jreu Sub-basin, Aceh
[ (0N oI Lo [ A LTI T TR 430-440
Devianti DEVIANTI, Ichwana RAMLI, Intan ARYANI, Purwana SATRIO, Dewi Sartika THAMREN

Viransehir Ilgesindeki Siit S1gir1 Isletmelerin Kimi Yapisal Ozelliklerinin Siit Verimine EtKisi .........ccccoevevereverrernene. 441-451
Cigdem DELEBE, Kemal YAZGAN

Fortification of Yoghurt with Xanthan Gum Biosynthesized from Grape Juice Pomace: Physicochemical,
Textural and SENSOrY CharaCteriZALION. .........ccuiiiriiiiieiet ettt bttt bbbt ene s 452-460
Ahmet Sukru DEMIRCI, Basak GURBUZ

Tekirdag ili’nde Tingidae (Hemiptera) Tiirlerinin Dogal DUSMANIAIT ...........cvvevvviirevrieiiseisisiieesiseieessssesesse e es s 461-477
Tolga AYSAL, Miijgan KIVAN

jotaf

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



- - Mayis/May 2023, 20(2
. Journal of Tekirdag Agricultural Faculty Ba$vurj/ylfecefvye " 11/10/(21)
Jo q Tekirdag Ziraat Fakultesi Dergisi Kabul/Accepted: 15/01/23
DOI: 10.33462/jotaf.1008204

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

ARASTIRMA MAKALESI RESEARCH ARTICLE

Phenological and Morphological Response of Chickpea (Cicer arietinum L.) Rhizobia
and Azotobacter Inoculation

Nohutun (Cicer arietinum L.) Rhizobia ve Azotobacter inokiilasyonuna Fenolojik ve
Morfolojik Tepkisi

Engin TAKILY, Nihal KAYAN?
Abstract

Excessive use of nitrogen has become a threat to human health and the environment due to high concentrations of
nitrate and nitrite accumulating in surface and ground waters. Biological dinitrogen fixation (N2) is a very
important natural process in world agriculture. Rhizobia is a common name for a certain Gram-negative group of
Alphaproteobacteria and Betaproteobacteria that can form nodules on the root and fix nitrogen in symbiosis with
legumes as their host plants. Azotobacter spp. is a free-living microorganism that has the ability to fix atmospheric
nitrogen into the soil. Field trials were carried out of Eskisehir Osmangazi University Field Crops Department
experiment areas during the production season of 2017 and 2019. The study was evaluated the effects on
morphological and phenologocial characters of two N doses (0 and 25 kg ha N), four bacteria inoculations
(control, Rhizobia, Azotobacter, Rhizobia + Azotobacter) on chickpea cultivars (Azkan, Akca, Cakir, Isik).
Experiment arranged in split split plot experimental design with three replications. Nitrogen application positively
affected number of days to emergence, number of branches, branch diameter and grain yield. Phenological and
morphological properties affected by climate conditions. The high temperature caused the number of days to
emergence, number of days to flowering and number of days to maturity to be earlier in the second year. Plant
height, first pod height and grain yield were higher first year than second year due to high precipitation. While the
response of the cultivars was different in terms of phenological properties, Azkan cultivar gave the best results in
terms of morphological properties. Rhizobia + Azotobacter inoculation gave the best results in terms of
phenological and morphological characteristics except for number of days to maturity. Rhizobia + Azotobacter
inoculation can lead to additional income generation of the farming community in Turkey. The use of biofertilizers
may reduce the application of chemical fertilizers and we get healthy, pollution-free production for a better future
for our increasing populations.

Keywords: Rhizobia, Azotobacter, Morphological properties, Nitrogen, Phenological stages.
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Oz

Azotun asirt kullanimi, yilizey ve yer alt1 sularinda biriken yiiksek konsantrasyonlardaki nitrat ve nitrit nedeniyle
insan sagligini ve ¢evreyi tehdit eder hale gelmistir. Biyolojik azot fiksasyonu diinya tariminda ¢ok dnemli dogal
bir siirectir. Rhizobia, kok tizerinde nodiiller olusturabilen ve konukgu bitkileri olarak baklagillerle simbiyozda
azotu sabitleyebilen belirli bir Gram-negatif Alphaproteobacteria ve Betaproteobacteria grubunun ortak adidir.
Azotobacter spp., atmosferik nitrojeni topraga sabitleme yetenegine sahip serbest yasayan bir mikroorganizmadir.
Tarla denemeleri 2017 ve 2019 iiretim sezonunda Eskisehir Osmangazi Universitesi Tarla Bitkileri Boliimiinde
yiiriitiilmiigtiir. Arastirmada iki azot dozu (0 ve 25 kg/ha N) dort nohut ¢esidi (Azkan, Akga, Cakir ve Isik) ve dort
bakteri uygulamasinin (kontrol, Rhizobia, Azotobacter ve Rhizobia + Azotobacter) nohutun fenolojik ve
morfolojik 6zellikleri izerine etkisi degerlendirilmistir. Arastirma boliinen boliinmiis parseller deneme deseninde
i¢ tekerriirlii olarak yiiriitiilmistiir. Ana parsellerde azot dozlari, alt parsellerde nohut ¢esitleri ve altin-alt1
parsellerde ise bakteri uygulamalari yer almistir. Fenolojik ve morfolojik 6zellikler iklim kosullarindan
etkilenmistir. Yiiksek sicaklik, ikinci yilda ¢ikis, ¢iceklenme ve olgunlasmanin daha erken olmasina neden
olmustur. Bitki boyu, ilk bakla yiiksekligi ve tane verimi, yiiksek yagis nedeniyle birinci yil ikinci yila gére daha
yiiksek olmustur. Azot uygulamalari ¢ikis zamani, dal sayisi, dal ¢ap1 ve tane verimini olumlu yonde etkilemistir.
Fenolojik &zellikler bakimindan gesitlerin tepkileri farkli olurken, morfolojik &zellikler bakimindan en iyi
sonuglar1 Azkan gesidi vermistir. Olgunluk siiresi disinda fenolojik ve morfolojik 6zellikler agisindan Rhizobia +
Azotobacter uygulamasi en iyi sonuglar1 vermistir. Rhizobia + Azotobacter uygulamasi Tiirkiye'deki giftgilerin ek
gelir elde etmesine yol agabilir. Biyogiibre kullanimi kimyasal giibre kullanimini azaltabilir. Biyogiibreler ile artan
niifusumuza daha iyi bir gelecek saglamak i¢in saglikli ve kirlilik igermeyen temiz bir iiretim elde edebiliriz.

Anahtar Kelimeler: Rhizobia, Azotobacter, Morfolojik 6zellikler, Azot, Fenolojik evreler.
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1. Introduction

Application of mineral fertilizers is a way to re-fertilize soils used in agricultural production (Basal and Szabo,
2020). Nitrogen is the most important limiting factor for high yield in the world (Namvar et al., 2011). Nitrogen
is included in the structure of important organic compounds such as protein, amino acid, amide, nucleic acid,
chlorophyll in the plant. On the other hand, excessive use of nitrogen has become a threat to human health and the
environment due to high concentrations of nitrate and nitrite accumulating in surface and ground waters. With
nitrogen fixation, molecular nitrogen is reduced to form ammonia for use by living organisms, and this fixed
nitrogen can be directly absorbed by plants. (Cheng, 2008).

Nitrogen is given to the soil as fertilizer in inorganic or organic forms (Belliturk and Saglam, 2005). Biological
dinitrogen fixation (N) is a very important natural process in world agriculture (Herridge et al., 2008). Biological
nitrogen fixation can be explained as the reduction of atmospheric nitrogen to ammonium nitrogen and making it
available to plants. The fixation of elemental nitrogen in the atmosphere takes place by microorganisms living
symbiotically and non-symbiotically. Biological nitrogen fixation, catalyzed by the nitrogenase enzyme, is a
process found only in some prokaryotes. Due to their inceptive role in the nitrogen cycle, diazotrophs are present
in virtually all ecosystems, with representatives in environments as varied as aerobic soils (e.g., Azotobacter
species), the ocean surface layer (Trichodesmium) and specialized nodules in legume roots (Rhizobium) (Halbleib
and Ludden, 2000). Environmentally friendly biological fertilizers contain beneficial microorganisms and do not
pollute the soil and water. These fertilizers are widely used in many countries.

It was understood at the end of the 19th century that legume plants assimilate atmospheric nitrogen through
nodules. The isolation of root nodule bacteria was reported by Beijerinck in 1888 and it was reported that these
bacteria are responsible for nitrogen fixation. (Willems, 2006). Rhizobia is a common name for a certain Gram-
negative group of Alphaproteobacteria and Betaproteobacteria that can form nodules on the root and fix nitrogen
in symbiosis with legumes as their host plants (Sprent, 2008). Most legumes have the ability to associate with
Rhizobia bacteria to fix nitrogen. However, leguminous plants will be able to achieve this symbiosis when they
encounter compatible and efficient Rhizobia that can form effective nodules. Therefore, the Rhizobia population
in the soil plays an important role in legume productivity (Amarger, 2001). Chickpea can provide 42-70% of its
nitrogen need symbiotically depending on the environmental conditions (Beck, 1988).

Many bacterial species such as Bacillus, Azotobacter, Azospirillum, Beijerrinckia and Pseudomonas can fix
nitrogen (Dobereiner, 1997). Azotobacter spp. is a free-living microorganism that has the ability to fix atmospheric
nitrogen into the soil. Besides their roles in the production of plant growth elements, they also have the ability to
synthesize antibiotics and vitamins, and their anti-pathogenic properties. Therefore, they are very important in
agriculture (Wani et al., 2016). Azotobacter spp. provides biomass increase by improving the nitrogen, phosphorus
and potassium values of the soil. It has been determined that they are especially effective in the increase of
antioxidant enzymes, carotenoids, chlorophyll pigments, soluble protein and dry matter (Karaboz and Ozcan,
2005). In uncultivated soils and in the rhizosphere of plants, the population of Azotobacter is generally low. For
nitrogen fixation and inoculation of plants, fast-growing and highly nitrogen-fixing azotobacteria are used.
Although there is substantial data showing that Azotobacters stimulate plant growth, the way in which Azotobacter
increases plant growth is not yet fully understood (Wani et al., 2013).

The objectives of the present study were to evaluate the effects of Azotobacter and Rhizobia on the phenology
and morphology of different chickpea varieties.

2. Materials and Methods
2.1. Experimental site

Field trials were carried out in the fields of Eskisehir Osmangazi University Field Crops Department during
the production season of 2017 and 2019 (39°48’ N; 30°31° E, 798 m above sea level). Climatic data for long-term
and experimental years were shown in Figure 1 and Figure 2. Total precipitation was 218.6 and 163.9 mm in the
experimental years, respectively and long-term total precipitation was 165.6 mm. The annual average temperature
was recorded as 15.96 °C in 2017 and 16.13 °C in 2019 years. In the experimental area, the organic matter content
was 1.41%, the lime was 2.09% and the pH was 7.58. In the first year, available P,Os and K,O contents were 108.9
kg ha! and 1944.6 kg ha’l, respectively. pH of 7.78, with lime 5.60%, organic matter 0.93%, available P,Os 23.4
kg ha! and K0 2729.8 kg ha in the second year.
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2.2. Trial Management

The study was evaluated the effects on morphological and phenologocial characters of two N doses (0 and 25
kg hal N), four bacteria inoculations (control, Rhizobia, Azotobacter, Rhizobia + Azotobacter) on chickpea
cultivars (Azkan, Akca, Cakir, Isik). Experiment arranged in split split plot experimental design with three
replications. Main plots subplots and sub-sub plots included N doses, chickpea cultivars and bacteria inoculation,
respectively.

Seeds were sown in 30 cm row spacing with a sowing rate of 48 seeds per square meter. Each sub-sub plot was
7.2 m? (4 m x 1.8 m). Nitrogen fertilization (21% amonium sulfate) were applied in doses of 25 kg ha* in N sub-
sub plots at the sowing time (starter nitrogen doses). Chickpea cultivars were provided by the Transitional Zone
Agricultural Research Instutute. Chickpea was sown spring in both years (11 April 2017 and 26 April 2019) and
the basal fertilizer application of 60 kg P,Os ha' was given to each sub-sub plot at the time of sowing. Before
sowing, seeds were inoculated recommended rate (100 kg seed to 1 kg peat inoculant) with Mesorhizobium
muleiense (formed colonies at 10 level) bacteria in Rhizobia plots. Bacterial inoculation was done with water
containing 2% sugar. Inoculation material was obtained from the Soil, Fertilizer and Water Central Research
Institute. The refrigerator at +4 °C was used to store the material. Vitormone (contains Azotobacter chroococcum
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and Azotobacter vinelandii) was applied Azotobacter plots at vegetative periods. Rhizobia and Azotobacter were
performed in Rhizobia + Azotobacter plots as described above. Control plots weren’t made any treatment of any
bacteria inoculation. Plots were hand-weeded two times when needed in each year. Plants were harvested was on
16 August 2017 and 31 August 2019 respectively.

Number of days to emergence, number of days to flowering, number of days to pod seeting and number of
days to maturity were determined all the sub-sub plots. The plant height (cm), first pod height (cm), number of
branches and branch diameter (mm) were evaluated on 10 randomly selected plants in each sub-sub plot. Each
sub-sub plot was harvested, blended and grain yield (kg ha) were estimated (Tosun and Eser, 1975).

2.3. Statistical Analysis

The variance analysis was subjected to based on General Linear Model using the Statview package (SAS
Institute). Means were compared by Least Significant Differences (LSD) test.

3. Results and Discussion
3.1. Number of Days to Emergence

Variance analysis and mean values for trait were given Table 1. The effects of years, nitrogen, variety and
inoculation were significant for number of days to emergence. Bacteria inoculations had a positive effect on the number
of days to emergence. The earliest emergence was observed in only Rhizobia applied plots, followed by Rhizobia +
Azotobacter applied plots. Pathak et al. (2013) and Mahato et al. (2009) reported that Azotobacter and PSB were
significant in increasing seed germination. Nitrogen application was affected the number of days to emergence and
lower number of days to emergence was observed in the nitrogen applied plots. The earliest emergence was observed
in the Isik variety with 9.87 days and the latest emergence was observed in the Azkan variety with 13.89 days. Number
of days to emergence was lower in second year than first year. Emergence was completed earlier in the second year.
The high temperature in May caused the emergence to be earlier in the second year. The temperature is lower in April,
when emergence is completed in the first year (Figure 2). Photoperiod, day length and climatic factors are effective on
the phenological properties of plants. Especially the temperature factor is the most important factor determining the
phenological characteristics (Gupta et al., 1994; Bange et al., 1998). While the first year number of days to emergence
are high in both of the nitrogen doses but the second year is low. Therefore, year x nitrogen interaction was significantly
for number of days to emergence (Figure 3A). The first year number of days to emergence are high in all of the varieties
but the second year is low. For this reason, year X varieties interaction was significantly for number of days to
emergence (Figure 3B). While the first year number of days to emergence are high in all of the bacteria inoculation
but the second year is low. The high temperature in May caused the emergence to be earlier in the second year. For
this reason, year x inoculation interaction was significantly for number of days to emergence (Figure 4A). 0 kg ha'N
in Rhizobia plots showed very low values, the same nitrogen dose showed very high values in other bacterial
inoculations. For this reason, nitrogen x inoculation interaction was significantly for number of days to emergence
(Figure 4B). While Cakir variety in Rhizobia + Azotobacter plots showed low values, the same variety showed high
values in other bacterial inoculations. For this reason, variety x inoculation interaction was significantly for number of
days to emergence (Figure 5A).
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Figure 3. Number of days to emergence (A) year x nitrogen interaction and number of days to emergence (B)
year x varieties interaction [LSD 5%: 0.147 (A);5%: 1.117(B)]
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Table 1. Different nitrogen, varieties and inoculations effects on some traits of chickpea.

Number of Number of Number of Number of Plant First pod
days to days to days to pod days to height height

emergence flowering seeting maturity (cm) (cm)
Inoculation
Control 12.08A 63.25A 73.60A 123.97D 49.79 29.47B
Rhizobia 10.93B 62.70B 73.20B 125.47B 49.63 29.19B
Azotobacter 12.04A 63.14A 73.43AB 124.89C 49.71 29.73B
R+A 11.10B 62.50B 73.16B 126.08A 50.74 30.58A
Mean 11.54 62.89 73.35 125.10 49.96 29.74
Nitrogen
Okgha'N 11.67A 62.66B 73.08 124.25B 49.63 29.48
25kgha'N 11.40B 63.13A 73.62 125.96A 50.31 30.00
Mean 11.54 62.89 73.35 125.10 49.97 29.74
Varieties
Isik 9.87C 61.95B 72.22B 124.68B 49.06B 28.56C
Cakir 10.16C 62.31B 72.70B 123.68C 51.31A 30.48B
Azkan 13.89A 65.58A 76.22A 126.20A 51.47A 31.22A
Akca 12.22B 61.75B 72.25B 125.85A 48.03B 28.70C
Mean 11.54 62.89 73.35 125.10 49.97 29.74
Years
2017 12.32A 64.37A 74.89 127.35A 58.19A 33.43A
2019 10.76B 61.42B 71.81 122.86B 41.75B 26.05B
Mean 11.54 62.89 73.35 125.10 49.97 29.74
General Mean 11.54 62.89 73.35 125.10 49.96 29.74
Year (Y) *%* ** ns **% *% *%
Nitrogen (N) ** * ns ** ns ns
YX N * ns ns ns ns ns
Varletles (V) *%* *% **% **% *% *%
Y xV * ns ns ns *x *x
NxV ns ns ns *x *x ns
Y XNxV ns ns ns ns * *x
Inoculation (I) ** ** * ** ns *x
Y x| * * ns ns *x *
N xI *x ns ns il ns **
V X I * * * **% *%* *%*
Y XNxI ns ns ns ns il ns
YXxVxI ns ns ns ns ns il
N X V X I ns *% **% **% ** **
YXNxVxI ns ns ns ns * *x

ns: non-significant, *: p<0.05, **: p<0.01.
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Figure 5. Number of days to emergence (A) varieties x inoculation interaction and number of days to
flowering (B) nitrogen x varieties x inoculation interaction [LSD 5%: 0.461 (A);1%: 0.854(B)]

3.2. Number of days to flowering

Variance analysis and mean values for trait were given Table 1. The effects of years, nitrogens, varieties and
inoculations were significantly for number of days to flowering. Bacteria inoculations had a positive effect on
number of days to flowering. The earliest flowering was observed in Rhizobia + Azotobacter plots, followed by
only Rhizobia plots (Table 1). Zaman et al. (2011) and Ndlovu (2015) reported that Rhizobia inoculation was
caused earlier flowering. Nitrogen application did not affect number of days to flowering and earlier flowering
was observed in control plots. Turk and Alagoz (2020) reported that they observed earlier flowering in the control
plots when applied nitrogen. The earliest flowering was seen in the Akca variety with 61.75 days, followed by the
Isik variety with 61.95 days. The latest flowering is 65.58 days in Azkan variety. Holt and Campell (1984) stated
that these differences in number of days to flowering and number of days to maturity may be due to genetic
characteristics of varieties. Number of days to flowering was lower in second year than first year. Flowering was
completed earlier in the second year. High temperatures during the second year of number of days to flowering
(June) resulted in earlier flowering (Figure 2). Photoperiod, day length and climatic factors are effective on the
phenological properties of plants. Especially the temperature factor is the most important factor determining the
phenological characteristics (Gupta et al., 1994; Bange et al., 1998). Azkan variety had later number of days to
flowering but other varieties had earlier number of days to flowering. For this reason, nitrogen x variety x
inoculation interaction was significantly for number of days to flowering (Figure 5B). While the first year number
of days to flowering are high in all of the bacteria inoculation but the second year is low. For this reason, year x
inoculation interaction was significantly for number of days to flowering (Figure 6A).
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3.3. Number of days to pod seeting

Variance analysis and mean values for trait were given Table 1. The effects of varieties and inoculations were
significantly for number of days to pod seeting but differences between years and nitrogen was not significantly
for this character. Bacteria inoculations had a positive effect on number of days to pod seeting. Rhizobia +
Azotobacter had the earliest number of days to pod seeting, followed by Rhizobia plots. Number of days to pod
seeting was 72.22 days in Isik variety and 76.22 days in Azkan variety. Azkan variety had later number of days to
pod seeting but other varieties had earlier number of days to pod seeting. For this reason, nitrogen x variety x
inoculation interaction was significantly for number of days to pod seeting (Figure 6B).

3.4. Number of days to maturity

Variance analysis and mean values for trait were given Table 1. The effects of years, nitrogens, varieties and
inoculations were significantly for number of days to maturity. Bacteria inoculation had no effect on number of
days to maturity. The earliest maturity was observed in the control plots, and the latest maturity in the Rhizobia +
Azotobacter plots. Nitrogen application did not affect number of days to maturity and earlier maturity was observed
in control plots. The earliest maturity was seen in the Cakir variety with 123.68 days, followed by the Isik variety
with 124.68 days. The latest maturity is 126.20 days in Azkan variety. Azkan and Akca varieties were included in
the same statistical group. Holt and Campell (1984) stated that these differences in number of days to flowering
and number of days to maturity may be due to genetic characteristics of varieties. Number of days to maturity was
lower in second year than first year. While the mean temperature was 15.96 °C in the first year, it was 16.13 °C in
the second year (Figure 2). High temperature in the second year caused earlier number of days to maturity.
Photoperiod, day length and climatic factors are effective on the phenological properties of plants. Especially the
temperature factor is the most important factor determining the phenological characteristics (Gupta et al., 1994;
Bange et al., 1998). While number of days to maturity was higher at Rhizobia, 0 kg ha™* N and Isik variety plots,
Isik variety showed the lower values other plots. Therefore, nitrogen x varieties x inoculation interaction was
significantly (Figure 7A).
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Figure 7. Number of days to maturity (A) nitrogen x varieties x inoculation interactions and plant height (B)
year X nitrogen x varieties x inoculation interaction [LSD 1%: 0.999 (A);5%: 5.311(B)]
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3.5. Plant height

Variance analysis and mean values for trait were given Table 1. The effects of years and varieties were
significantly for plant height but differences between nitrogen and inoculations were not significantly for this
character. The highest plant height was observed in Azkan variety with 51.47 cm. Azkan variety was followed by
Cakir variety with 51.31 cm and these two cultivars were included in the same statistical group. Akca variety has
the lowest plant height with 48.03 cm. Plant height is genotypic property and are affected by environmental
conditions. With increasing plant height, leaf area per plant, number of leaves and assimilation increased (Vartanli
and Emeklier, 2007). Plant height was higher first year than second year. While the total precipitation was 218.6
mm in the first year, it was 163.9 mm in the second year (Figure 1). Chickpeas are grown in dry farming areas.
High precipitation in the first year, especially in April and May caused higher plant height. High precipitation in
spring encourages the vegetative development of the plant. Therefore, the plant height can be longer. While plant
height was higher at Rhizobia + Azotobacter, 25 kg ha™* N and Azkan variety plots in first year, the same variety
showed the lower values other plots. Therefore, year x nitrogen x varieties x inoculation interaction was
significantly (Figure 7B).

3.6. First pod height

Variance analysis and mean values for trait were given Table 1. The effects of years, varieties and inoculation
were significantly for first pod height but differences between nitrogen was not significantly for this character.
First pod height are highest in Rhizobia + Azotobacter inoculations. The other three bacterial treatments were
included in the same statistical group. First pod height is genotypic property and are affected by environmental
conditions. While the highest first pod height was measured in Azkan variety with 31.22 cm, the lowest value was
measured in Isik variety with 28.50 cm. First pod height was higher first year than second year (Table 1). High
precipitation in the first year, especially in April and May caused higher first pod height (Figure 1). While first
pod height was higher in first year, it was lower in second year. Therefore, year x nitrogen x varieties x inoculation
interaction was significantly (Figure 8A).
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Figure 8. First pod height (A) years x nitrogen x varieties x inoculation interaction and number of branches
(B) year x nitrogen x varieties x inoculation interaction [LSD 1%: 2.499 (A);1%: 0.301(B)]

3.7. Number of banches and branch diameter

Variance analysis and mean values for traits were given Table 2. The effects of years, nitrogens, varieties and
inoculations were significantly for number of branches and branch diameter. The number of branches and branch
diameter are highest in Rhizobia + Azotobacter plots. While the lowest number of branches was seen in Rhizobia
plots, the lowest branch diameter was observed in control plots. Yasari and Patwardhan (2007) reported that
Azotobacter + Azosprillum inoculation increased the number of branches. Nitrogen application had a positive
effect on the number of branches and branch diameter. With the application of nitrogen fertilizer, the vegetative
growth increased, and as a result number of branches was increased too (Tuncturk et al., 2011). The highest number
of branches and branch diameter were determined in the Azkan variety, while the lowest was determined in the
Isik variety. Number of branches and branch diameter are genotypic property and are affected by environmental
conditions. Number of banches and branch diameter were higher first year than second year. Number of branches
is formed under the influence of genetic structure and environmental factors. High temperatures have a negative
effect on number of branches (Erkovan et al., 2020). The higher temperatures in the second year may have caused
the lower number of branches (Figure 2). While number of branches and branch diameter were higher in first year,
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it was lower in second year. Therefore, year x nitrogen x varieties x inoculation interaction was significantly
(Figure 8B, 9A).

Table 2. Different nitrogen, varieties and inoculations effects on some traits of chickpea.

Number of Branch Grain yield

branches diameter (mm) (kg ha)
Inoculation
Control 2.50AB 4.81C 1.510,0D
Rhizobia 2.41C 4.92B 1.960,0B
Azotobacter 2.47BC 4.88B 1.770,0C
R+A 2.57A 5.26A 2.290,0A
Mean 2.48 4,97 1.880,0
Nitrogen
Okgha'N 2.40B 4.72B 1.650,0B
25kgha'N 2.58A 5.21A 2.110,0A
Mean 2.48 4.97 1.880,0
Varieties
Isik 2.32C 4.64D 1.820,0C
Cakir 2.47B 5.03B 1.710,0D
Azkan 2.66A 5.38A 2.130,0A
Akca 2.49B 481C 1.870,0B
Mean 2.48 4.97 1.880,0
Years
2017 3.05A 5.97A 2.080,0A
2019 1.92B 3.97B 1.680,0B
Mean 2.48 4,97 1.880,0
General Mean 2.48 4.97 1.880,0
Year (Y) **% **% **
Nitrogen (N) *x *x *x
Yx N kel ns *x
Varieties (V) *x *x Fx
Y X V ** ** **
N X V ** ** **
Y X N X V ** ** **
Inoculation (1) *x *x *x
Y X I **% **% **
N X I **% **% **
V X I *% **% **%
Y X N X I *% **% **
Y X V X I *% **% **
N X V X I ** ** **
YXNxVxI faie fale fake

ns: non-significant, *: p<0.05, **: p<0.01.
3.8. Grain yield

Variance analysis and mean values for trait were given Table 2. The effects of years, nitrogens, varieties and
inoculations were significantly for grain yield. The highest grain yield was observed in the Rhizobia + Azotocacter
plots. Bacteries had a positive effect on grain yield. Single and combined use of bacteria resulted in higher above-
ground plant biomass with simultaneous root growth. Nutrient uptake in plant is increased by inoculation and this
is due to increased biological nitrogen fixation in inoculanted plants. Also, interaction effect of chemical and bio-
fertilizers caused increasing grain yield. Using nitrogen application and dual inoculation with Rhizobia +
Azotobacter had highest grain yield (Figure 9B). Grain yield have been increased by co-inoculation with bacteria
(Mirza et al., 2007; Mishra et al., 2009). Grain yield increased with nitrogen application. While the grain yield at
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0 kg ha! nitrogen application was 1.650 kg ha?, the grain yield was 2.110 kg ha* with 25 kg ha? nitrogen
application. Nitrogen is involved in photosynthesis, DNA synthesis, protein formation, respiration and N> fixation
would directly influence plant groowth and development (Caliskan et al., 2008; Erman et al., 2011). Soysal and
Erman (2020) reported that chemical fertilizers increase grain yield in chickpea. The highest grain yield was
determined in Azkan variety (2130 kg ha'?), followed by Akca variety (1870 kg ha) and Isik variety (1820 kg ha-
). The lowest grain yield was determined in Cakir (1710 kg ha?) variety. Grain yield was higher first year than
second year. While the total precipitation was 218.6 mm in the first year, it was 163.9 mm in the second year
(Figure 1). Plant growing is carried out depending on precipitation in dry farming areas. Chickpea is the plant of
the dry farming areas and the high precipitation in the first year, especially April and May, affected the grain yield
positively. While grain yield was higher in first year, it was lower in second year. Therefore year x nitrogen x
varieties x inoculation interaction was significantly (Figure 9B).
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Figure 9. Branch diameter (A) years x nitrogen x varieties x inoculation interaction and grain yield (B) year x
nitrogen X varieties x inoculation interaction [LSD 1%: 0.268 (A);1%: 4.348(B)]

4. Conclusions

Phenological and morphological properties affected by climate conditions. The high temperature caused the
emergence, flowering and maturity to be earlier in the second year. Plant height, first pod height and grain yield
were higher first year than second year due to high precipitation. Nitrogen application positively affected number
of days to emergence, number of branches, branch diameter and grain yield. While the response of the cultivars
was different in terms of phenological proporties, Azkan cultivar gave the best results in terms of morphological
proporties. Rhizobia + Azotobacter inoculation gave the best results in terms of phenological and morphological
characteristics except for number of days to maturity. Rhizobia + Azotobacter inoculation can lead to additional
income generation of the farming community in of Turkey. Use of biofertilizers may reduce the application of
chemical fertilizers and we get healthy, pollution free production for better future of our increasing populations.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Some Yield and Quality Properties of Endemic Origanum husnucan-baserii Grown in
Different Ecological Conditions

Farkl1 Ekolojik Kosullarda Yetistirilen Endemik Origanum husnucan-baserii Bitkisinin Bazi
Verim ve Kalite Ozellikleri

Hasan MARALY, Saliha KIRICI?
Abstract

Origanum husnucan-baserii is an endemic species naturally found in Ermenek district of Karaman and Antalya.
This study was carried out to determine the agronomic and chemical components of the O. husnucan-baserii,
which grows naturally in Ermenek (South of Turkey). The experiment was carried out in the garden of Ermenek
Vocational School for 3 years in 2014, 2015 and 2016, and in the research areas of Field Crops Department of
Cukurova University for 2 years in 2015 and 2016 (O. husnucan-baserii plant grown in Adana vegetation could
not be harvested in the first trial year (2014), since flowering did not occur). O. husnucan-baseri grown in Ermenek,
3-year plant height is between 79.00-74.61 cm, average 74.61 cm, the number of branches between 29.07-27.14
units/plant, average 28.29 units/plant, fresh herbage weight between 731.5-233.7 g/plant, average 463.40 g/plant,
dry herbage weight between 344.3-84.14 g/plant, average 193.31 g/plant, dry leaf weight between 163.60-34.30
o/plant, average 83.70 g/plant, essential oil ratio between 0.92-0.16 %, the average was determined as 0.63%. The
main component of the essential oil, p-cymene, was obtained as 81.29% in the first year, 81.39% in the second
year and 66.62% in the third year. The plant height of the plants grown in Adana is between 84.67-61.57 cm, the
average is 73.12 cm, the number of branches is between 37.00-25.71 units/plant, the average is 31.36 units/plant,
the fresh herbage weight is between 304.33-190.90 g/plant, the average is 247.62 g/plant, dry herbage weight
between 113.66-80.43 g/plant, average 97.05 g/plant, dry leaf weight between 72.00-31.40 g/plant, average 51.70
g/plant and essential oil ratio between 1.26-0.98%, the average was determined as 1.12%. The rate of p-cimen, the
main component of the essential oil, was determined as 69.52% in the first year and 76.38% in the second year.
Some characteristics such as plant height, fresh and dry grass weights were higher in Ermenek than Adana results.
In terms of essential oil content, plants cultivated in Adana had higher values. In this case, it would be more
appropriate to choose a region according to the purpose of cultivation.

Keywords: Lamiaceae, Origanum husnucan-baserii, Endemic, Essential oil, GC/MS.
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Oz

Origanum husnucan-baserii, Antalya ve Karaman 'm Ermenek ilgesinde dogal olarak bulunan endemik bir tiirdiir.
Bu caligma ise Ermenek'te dogal olarak yetigen O. husnucan-baserii bitkisinin agronomik 6zellikleri ve kimyasal
bilesenlerinin belirlenmesi amaciyla yapilmistir. Deneme 2014, 2015 ve 2016 yillarinda 3 yil siireyle Ermenek
Meslek Yiiksekokulu bahgesinde, 2015 ve 2016 yillarinda 2 yil siireyle Cukurova Universitesi Tarla Bitkileri
Boliimii arastirma alaninda yiritilmistiir (Adana vejetasyonunda yetistirilen O. husnucan-baserii bitkisinde
birinci deneme yilinda (2014), gigceklenme meydana gelmediginden hasat yapilamamigtir). Ermenek'te yetisen O.
husnucan-baseri, 3 yillik bitki boyu 79.00-74.61 cm arasinda, ortalama 74.61 cm, dal say1s1 29.70-27.14 adet/bitki,
ortalama 28.29 adet/bitki, taze herba agirligi 731.50-233.70 g/bitki arasinda, ortalama 463.40 g/bitki, kuru herba
agirhgr 344.30-84.14 g/bitki, ortalama 193.31 g/bitki, kuru yaprak agirligi 163.60-34.30 g/bitki, ortalama 83.7
g/bitki, ugucu yag orani 0.92- %0.16, ortalama %0.63 olarak belirlendi. Ugucu yagin ana bileseni, p-simen ilk y1il %
81.29, ikinci y1l % 81.39 ve liciincii y1l %62.52 olarak elde edilmistir. Adana'da yetistirilen bitkilerin bitki boyu
84.67-61.57 cm arasinda, ortalama 73.12 c¢m, dal sayis1 37.00-25.71 adet/bitki arasinda, ortalama 31.36 adet/bitki,
taze ot agirhigr 304.33-190.90 g/bitki arasinda, ortalama 247.62 g/bitki, kuru ot agirligi, 113.66-80.43 g/bitki
arasinda, ortalama 97.05 g/bitki, kuru yaprak agirligi 72.00-31.40 g/bitki arasinda, ortalama 51.70 g/bitki ve ugucu
yag orani 1.26-0.98 arasinda ortalama % 1.12 olarak belirlenmistir. Ugucu yagin ana bileseni p-simen'in ilk yil
orant % 69.52, ikinci y1l % 76.38 olarak tespit edilmistir. Bitki boyu, yas ve kuru herba agirliklar1 gibi bazi
ozellikler Ermenek'te daha yiiksek cikarken ugucu yag icerigi bakimimndan Adana'da yetistirilen bitkiler daha
yiiksek degerlere ulagsmistir. Bu durumda yetistirme amacina gore bdlge se¢imi yapilmasi daha uygun olacaktir.

Anahtar Kelimeler: Lamiaceae, Origanum husnucan-baserii, Endemik, Ugucu yag, GC/MS.
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1. Introduction

Lamiaceae is called the mint family which is regarded as an important medicinal family. It contains about 236
genera and more than 6000 species. It has great diversity and variety with a cosmopolitan distribution (Salama and
El-Shabasy, 2019). Turkey, an important gene center of the Lamiaceae family, is represented by 782 species and
taxa, 346 of which are endemic (44.2% endemism ratio). According to the latest data, 287 taxa (36.7%) are in the
Irano-Turonian, 293 taxa (37.4%) in the Mediterranean and 90 (11.5%) in the Euro-Siberian phytogeographic
regions and 112 taxa (14.3%) are unknown. or the multi-regional element is located in Turkey (Celep and Dirmenci,
2017). Many Lamiaceae species produce essential oils secreted by granular hairs on aerial vegetative organs and
some reproductive organs. Many species of Lamiaceae with their pleasant scents have been used as herbal teas in
Turkey, and most of them are used as raw materials in the cosmetics industry. Some species are used as traditional
medicinal plants (Ding¢ and Dogu, 2013).

There are many genera known as 'thyme' due to similar smells in Turkey. These are Thymus (58 taxa),
Origanum (26) Satureja (13 taxa), Tymbra (4 taxa) and Coridothymus (1 species) (URL 1, 2020). The common
features of these genera are that they have carvacrol or thymol or both as the main component in their essential
oils. Studies by various researchers show that Origanum is a powerful source for the isolation of various bioactive
molecules such as terpenes, phenols, flavonoids, etc., thus this genus has important biological activities and is
effective against different types of diseases (Chishti et al, 2013). Oregano is used as a spice by humans all around
the world for ancient times and it is a good raw material for the production of tincture to use against some diseases
like cold, for digestive and respiratory problems (Kaplan et al., 2019; lvanova et. al., 2005). There are 22 species
and 32 taxa of Origanum in Turkey, 21 of which are endemic. The rate of endemism among the Turkish Origanum
species is 63%. Out of 52 known taxa of Origanum, 32 are distributed in Anatolia, meaning 60% fall Origanum
taxa are recorded to grow in Turkey. This high rate is suggestive that the gene center of Origanum is Turkey (Baser,
2004; Duman et al. 1995; Davis, 1982; letswaart, 1980; Federov, 1974). After Origanum was revised by letswaart
for Flora of Turkey, O. husnucan-baserii has been described as a new science species from Turkey (Ding and
Dogu, 2013).

One of the endemic species is O. husnucan-baserii belongs to Section Brevifilamentum letswaart (Baser 2004),
which is found naturally in Karaman's Ermenek province and Antalya. The plant is sub-shrub to 30 cm, calcareous
rocks with Pinus nigra and 1200-1350 m sea level (Tas, 2010). Karaman Ermenek District, both geographical and
floristic in terms of climate, Central Anatolia - is presented in the passage between the Mediterranean Regions,
Davis (1965 - 1988) enters the C4 frame according to his grid system for Turkey. As a result of the studies
conducted in this area, it is reported that many different species are known as "thyme" are distributed in this region
(Davis, 1965-1988). The village of Ermenek in Karaman contains many habitats with different characteristics
ranging from bare rocks and rubble to abundant humus forests. The diversity of regional vegetation can be better
understood if these habitats are also compared with those of Central Anatolia and Mediterranean climates. When
we look at the analysis of the region's flora, it can be thought that the ratio of Iran-Turan (21.20%) and
Mediterranean (20.45%) elements is very close to each other. Thymus ssp. (Thyme), Salvia ssp. (Sage), Rhus
coriaria (Sumac) is collected and evaluated by local people (Davis, 1965-1988; Tanker et al., 1985; Maral et al.,
2018; Maral and Kirici, 2022). The richness of Turkey in terms of natural plant species is a fact known by everyone.
Medicinal and aromatic plants have an important place among these plants. Especially the Mediterranean region
has a special importance for essential oils. However, these plants have not been produced sufficiently yet and their
conservation in nature has not been achieved as desired (Ayanoglu and Kaya, 1999).

Essential oils can vary in quality and quantity depending on several factors, including climate (precipitation,
temperature), seasonal variations (day length, light exposure, harvest period), soil composition (available micro-
nutrients, application of fertilizers), vegetative cycle stage, genetic variation (plant ecotype or variety), geographic
location (altitude), stress during growth or maturity, and the post-harvest drying and storage (Zgheib et al., 2019).

The aim of this study is to determine the yield and essential oil potential of endemic O. husnucan-baserii in
both Ermenek and Adana conditions.

2. Materials and Methods

The material of the research consisted of plants that were determined at an altitude of 864 m in Ermenek
district of Karaman on 28 July 2012. In March and April 2014, cuttings were taken from the plants whose locations
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were determined before and planted in vials for rooting. In March and April 2014, cuttings were taken from the
plants whose locations were determined before and planted in vials for rooting. Rooting was done in the garden of
Karamanoglu Mehmetbey University, Ermenek Vocational School. The rooted cuttings in the vials were
transferred at the trial site in Ermenek on 14.04.2014 and the test site in Adana on 23.06.2014. The experiment
was set up in rows at a distance of 40 x 60, with 15 plants. The experimental area was irrigated regularly with drip
irrigation method. During the yield period, 6 kg nitrogen (N) and 4 kg phosphorus (P) were given per decare per
year. During the research, weed control was provided by mechanical methods in the experiment. Plants in the
Ermenek trial area were harvested during the flowering period in 2014, 2015 and 2016. The plants in the Adana
trial area were harvested during the flowering period in 2015 and 20186, in the first year did not harvest due to the
lack of flowering due to late planting in 2014. The harvest of the experiment was done by hand during the flowering
period of the plants. In the Ermenek trial area, 7 plants were harvested in the first year and 14 plants in the other
years. In Adana experiment area, 8 plants were harvested in both years and observations were taken. Planting and
harvesting dates of the plants are given in Table 1.

Table 1. Planting and harvesting dates of the plants

Ermenek Adana
l. Year Il. Year . Year l. Year Il. Year
Seedling date  March- April 2014
Planted date 14.4.2014 23.06.2014
Harvest Date 06.07.14 27.07.15 22.07.16 06.07.15 01.07.16

In all harvested plants, plant height (cm), number of branches (number/plant), fresh and dry herbage weight
(g/plant), dry leaf weight (g/plant) and essential oil content and components were determined.

2.1. Climatic Properties of Ermenek Trial Area

In Table 2, the climate data of the experiment for the years 2014, 2015 and 2016 are given. In general, the
Ermenek climate belongs to the subtype of Mediterranean-influenced climates (Mediterranean transitional climate).
Taurus Mountain system followed by the hot character, dry summers in the arid winters is a type of climate. The
average annual temperature is between 0.5-24.6°C. The hottest month is August. The coldest month is January. In
these high mountains and highlands, summers pass through the wetlands in the valleys of Goksu although they are
short and cool. The average annual rainfall is 564 mm.

2.2. Climate Characteristics of the Trial Area in Adana

Table 2. Some Important Climate Data for 2014, 2015, 2016 and Long Years.

Ermenek Months
Climate Years Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Aw.
Factors

Average 2014 4.8 5.4 7.5 116 146 190 238 246 186 131 7.2 6.0 13.0
Temp. °C 2015 1.8 2.0 6.0 8.7 157 179 230 234 223 151 97 4.1 125
2016 0.5 6.5 7.2 140 145 212 245 246 199 134 9.0 4.0 13.3
Total

Precipitation 2014 718 9.7 15.9 156 828 355 146 5.0 9.6 48.7 552 66.7 431
mm 2015 256 108 77.6 2.9 174 385 22 296 4.2 481 118 9.6 376
2016 783 229 535 206 633 55 00 21 7.4 72 375 172 470
Adana Av.
Average 2015 94 111 145 169 225 250 285 300 284 234 175 118 1991
Temp. °C 2016 87 139 157 205 216 271 296 299 263 231 156 9.0 2008
Long Years 9.6 105 135 175 217 256 281 284 259 213 154 112 19.05
Total
Precipitation 2015 108 122 1351 215 657 48 040 109 1300 321 105 0.6 641.1
mm 2016 138 831 67.1 366 879 456 020 44 398 00 119 2163 7313
Long Years 110 84.2 66.8 552 473 200 7.1 5.2 158 40.7 737 1287 654.6

Source: Regional Directorate of State Meteorology
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In the Adana province where the trial was conducted, the winters are warm and rainy, and the hot and arid
Mediterranean climate prevails in summer. Climate data for 2015, 2016 and long years average of the experiment
are given in Table 2. In 2015 and 2016, the temperature values were consistent with the averages for many years
but were generally above the averages. The highest precipitation was in December 2016 with 216.3 mm.

2.3. Soil Properties of the Experimental Area in Ermenek

In Table 3, some physical and chemical properties of the soils in the area where the experiment was conducted
are given. The soil pH (7.56) in the area where the experiment was established generally shows neutral
characteristics. The salt content is 0.17%, available P,Os is 5.9 ppm.

Table 3. Some Physical and Chemical Properties of Ermenek Site

Depth texture pH Salt Lime P20s KO Fe Zn Mn Cu
(cm) Sand Plate Clay % kg/da mg/kg

(%) (%) (%)
0-30 46.0 25.5 285 756 0.17 631 59 - 33 06 22 08

2.4. Soil Properties of the Trial Area in Adana

Experimental field soil was young alluvial originated from Seyhan River containing gravels and pebbles
deposits with various sizes and in different depths. The lime amount in the whole profiles is very high but, the
organic matter is so low (Caligkan et al., 2019). Some physical and chemical properties of soils in the area where
the experiment is carried out are given in Table 4.

The soil pH in the area where the experiment was established varies between 7.28-7.29. The soil of the trial
area is generally neutral. The salt content is between 0.052-0.060%. The available P,Os top layers have a level of
14.17 ppm, which decreases as they fall to the lower layers. The nitrogen content of the soil was 0.112% in the
upper layers and 0.056% in the lower layers. The lime content is 33.02% in the upper layers and increases as the
lower layers are reached (Table 4).

Table 4. Some Physical and Chemical Properties of Experimental Ground Soils

depth pH Salt P20s KDK K20 NOs lime

(cm) (%) (%)
0-20 7.29 0.055 14.17 30.40 900 0.112 33.02
20-40 7.28 0.060 3.42 29.30 800 0.056 35.28
40-60 7.29 0.052 2.43 34.78 850 0.056 40.52

1-) Extension of NaHCO;
2-) Extension of HNO3
3-) Total nitrogen determined by Kjeldahl method

2.5. lIsolation of Essential Oils

To isolate the essential oil, 40 g of dried herbage was extracted with 500 ml of distilled water with a neo
Clevenger type apparatus. Hydro-distillation was carried out for 2 hours. The essential oils obtained were dried
over anhydrous sodium sulfate in amber colored bottles (Turkmen et al., 2022). The extracted essential oils were
stored at -18°C until gas chromatography-mass spectrometry (GC-MS) analysis.

2.6. GC-MS Analyses

Essential oils were analyzed using a Thermo Scientific Focal Gas Chromatograph equipped with MS,
autosampler and TR-5MS (5% Phenyl Polysylphenylene-siloxane, 0.25 mm x 30 ml i.d, film thickness 0.25). The
carrier gas was helium (99.9%) at a flow rate of 1 mL min-1; ionization energy was 70 eV. Mass range m/z 50-
650 amu. Data acquisition was scan mode. MS transfer line temperature was 250 °C, MS Ionization source
temperature was 220°C, and the injection port temperature was 220 °C (Kara et al., 2020). The samples were
injected with 250 split ratios. The injection volume was 1 pl. The oven temperature was programmed in the range
of 50 to 220°C at 3°C min-1. Identification was confirmed by comparison of their mass spectral fragmentation
patterns with those stored in the MS database (National Institute of Standards and Technology and Wiley 9
Registry of Mass Spectral Data) and with published mass spectra literature data (Adams, 2007; Maral, 2023).
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2.7. Statistical Analysis

The data obtained from single plant measurements were determined by using the SAS package program, with
the mean, minimum, maximum and standard deviation values for each trait separately. LSD multiple comparison
test was used to compare the means.

3. Results and Discussion

The measured plant parameters such as plant height (cm), number of branches per plant (unit/plant), fresh
herbage weight (g/plant), dry herbage weight (g/plant), dry leaf weight (g/plant) and essential oil contents (%)
which cultivated in Ermenek (Karaman) District and Adana, were given in Table 5.

Plant heights at the Ermenek varied between 71.71, 73.13 and 79.00 cm in 2014, 2015 and 2016, respectively.
Plant heights at the Adana varied between 61.57 and 84.67 cm in 2015 and 2016, respectively. The mean plant
heights in the experiment areas were 74.61 cm for Ermenek and 73.12 cm for Adana. The highest plant height was
obtained at the Adana location with 84.67 cm in 2016 due to more availability of water and soil nutrition and it
was followed by the Ermenek location with 79.00 cm in 2016. The lowest plant height was obtained from the
Adana location in 2015 with 61.57 cm. When the plants grown in Ermenek and Adana were compared in terms of
plant height, the values of the plants grown in Adana were shorter than the ones grown in Ermenek in the first year
and longer in the second year.

Duman et al. (1995) define the plant as a sub-shrub, stem ascending or erect, 10-30 cm long, purplish or dark
brown, glabrous, unbranched. Our results of plant heights in both experiment areas were higher than 10-30 cm
because cultivated O husnucan-baserii had more e availability of water and plant nutrition.

The number of branches of cultivated O.husnucan-baserii at the Ermenek varied between 27.14, 28.67 and
29.07 numbers per plant in 2014, 2015 and 2016, respectively. At Adana, it was varied between 25.71 and 37.00
numbers per plant in 2015 and 2016, respectively. The average number of branches per plant in the experiment
was determined as 28.29 for Ermenek and 31.36 for Adana. The highest number of branches was obtained in the
Adana location with 37.0 in 2016, followed by Ermenek with 29.07 numbers per plant in 2016. The lowest number
of branches was obtained from the Adana location in 2015 with 25.71. The plant number values of the plants
grown in Adana were lower than those of Ermenek in the first year and higher in the 2" year.

The fresh herbage weights at the Ermenek varied between 233.7-396.7 and 731.5 g in 2014, 2015 and 2016,
respectively. Fresh herbage weights at the Adana varied between 190.90 and 304.33 g in 2015 and 2016,
respectively (Table 5). The average fresh herb weight was obtained as 463.40 g/plant for Ermenek and 247.62
g/plant for Adana. The highest weight of herbs was obtained from the Ermenek in 2016 with 731.5 g, followed by
the same place at 396.7 g in 2015. The lowest value (190.90 g) was taken from the Adana location in the 1%year.
In the Ermenek, the values of fresh herb weight of the cultivated plants reached especially high values in the 3™year
because it was the perennial plant and weight was increasing by year and year. Fresh herbage weight results have
reached especially high values in the 3™ year. This can be explained as a natural result of the perennial plant root
structure and the fact that the plant grows much earlier. Similarly, the highest dry herb weight was obtained with
344.3 g in the 3"year of Ermenek and the lowest value was obtained from Adana location with 80.43 g.

The dry herbage weights at the Ermenek varied between 84.14-151.5 and 344.3 g in 2014, 2015 and 2016,
respectively. Dry herbage weights at the Adana varied between 80.43 and 113.66 g in 2015 and 2016, respectively
(Table 5). The average dry herb yields of the plants were 193.31 g and 97.05 g, Ermenek and Adana, respectively.
The highest weight of herbs was obtained from Ermenek in 2016 with 344.3 g. The lowest value (80.43 g) was
taken from Adana location in the 1% year. Since the dry biomass is directly related to the fresh biomass; so, the
results have the same variation pattern. The dry biomass is also affected by the ecologic condition, agro techniques
(Alkire and Simon, 1996) and the genetic nature of plants (Tugay et al., 2000). Adana trial area soil is a young
alluvium originating from the Seyhan River, containing gravel and gravel deposits of various sizes and depths, and
is quite fertile according to Ermenek. However, in this study, the plant's gene center being close to Ermenek caused
it to perform better than Adana in terms of yield and yield elements.

The average of years of dry leaf weights of the plants was 83.70 g in Ermenek and 51.70 g in Adana was the
highest dry leaf weight was obtained at the Ermenek location in 2016 with 163.60 g. The lowest value was obtained
in Adana in 2015 with 31.40 g. O. husnucan-baserii is an endemic species for turkey. Although studies have been
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conducted on the essential oil content and components of this species, there are limited studies on yield and quality
parameters.

Bayram et al. (1998), in their study with O. onites populations collected from different locations, reported that
plant heights of plants varied between 40.50 and 55.50 cm. Mancak (2002), in the study conducted with O.
micrantum, determined the average plant height as 13.72 and 15.13 cm, and the number of branches as 6.34 and
9.10 unit plants? in the first cuttings and in the second cuttings respectively. Tiirkmenoglu and Fakir (2016),
determined the plant height of O. sipyleum as 72.24 cm. Bayram et al. (1998), in a study conducted on populations
of the O. onites species, reported that the dry herb yield ranged between 53.20-169.30 g plant. Mancak (2002)
determined the yield of fresh herb in the first and second cuttings as 11.41 and 13.39 g plant?, and dry herb yield
as 4.40 and 6.59 g plant, respectively. In a study conducted with O. husnucan-baserii in field conditions in 2017
and 2018, Uysal Bayar and Cimar (2020) determined that the plant height changed between 39.00 and 84.34 cm,
the number of branches between 30.00 and 43.67 unit plants™, the weight of fresh herbage between 118.80 and
211.83 g plant?, and the weight of dry herbage between 47.06 and 57.40 g plant™*. When our findings regarding
all features in both experimental areas are compared with both other Origanum species and O. husnucan-baserii,
it is seen that the values we obtained are higher. Telci (2015) reported that in excessively short cuttings, the newly
formed buds will be damaged and this will negatively affect the post- cuttings development. High yield values can
be achieved by determining the cultivation techniques specific to each plant. Especially in perennial crops that are
harvested more than once in one vegetation period, the height of the cuttings is one of the most important factors
affecting the yield (Erken et al., 2007). The fact that the plant height and number of branches are higher than other
studies may be due to the differences in agricultural processes, planting time, ecology, climate and geographical
factors.

Table 5. Plant Height, Number of Branches, Fresh Herbage Weight, Dry Herbage Weight, Dry Leaf Weight
and Essential Oil Rate Values of Origanum husnucan-baserii plant samples grown in Karaman, Ermenek
District and Adana

Plant Number of  Fresh Herbage Dry Herbage  Dry Leaf Essential

Years Height Branches Weight Weight Weight Oil Content
(cm) (unit/plant) (go/plant) (g/plant) (g/plant) (%)
ns ns *%* *%* *%*
Min. 43 21 56 16 9
2014 Max. 91 41 600 212 86 0.80
n=7 Ave. 71.71a 27.14a 233.7b 84.14b 34.30b '
SD 19.29 8.47 206.59 72.31 28.48
Min. 63 15 257 92 37
2015 Max. 88 46 570 217 85 0.16
n=14  Ave. 73.13a 28.67a 396.7b 151.5b 53.20b '
Ermenek SD 6.41 9.05 98.63 41.10 13.86
Min. 72 21 460 212 102
2016 Max. 88 47 1370 642 301 0.92
n=14 Ave, 79.00a 29.07a 731.5a 344.3a 163.6a '
SD 4.93 8.61 276.32 128.91 61.41
Mean 74.61 28.29 463.40 193.31 83.70 0.63
LSD 10.39 9.19 186.83 78.71 35.99
* ns ** ** *%*
Min. 33 18 56 21 10
2015 Max. 81 31 500 212 76 0.98
n=8 Ave, 61.57a 25.71a 190.90b 80.43 31.40b '
SD 19.15 6.31 148.35 64.07b 22.07
Min. 72 32 45 18 12
Adana 2016 Max. 94 44 663 236 153 126
n=8 Ave. 84.67a 37.00a 304.33a 113.66 72.00a ‘
SD 11.37 6.24 120.75 111.41a 72.80
Mean 73.12 31.36 247.62 97.05 51.70 1.12
LSD 8.96 6.72 142.77 57.85 28.50

* significant at %5, ** significant at %1, ns: not significant, SD: Standard Deviation, n: Number of Plants, LSD: Least Significant Difference
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3.1. Essential Oil Contents

The O. husnucan-baserii has great variability in the essential oil content and components, quality and contents
of essential oil were developed for introduction into cultivation and experiment areas. The essential oil content of
the plants in Ermenek was 0.80% in the 1tyear, 0.16% in the 2"@year and 0.92% in the 3" year. Cultures in Adana
were 0.98% in the 1%tyear and 1.26% in the 2" year. The contents of the essential oils obtained were higher in
cultivated plants in Adana than in plants grown in Ermenek. Baser et al. (1998) reported that the essential oil
content of O.husnucan-baserii was 0.13% collection in Alanya (Turkey) at an altitude of 1350 m in wild flora.
Additionally, according to Uysal Bayar and Cinar (2020), O. husnucan-baserii essential oil contents were 1.44 %
in the 1%tyear and 2.75 % in the 2" year under cultivation conditions at Antalya in Turkey. Ermenek’s results of
essential oils were similar to Baser et al. (1998) because they grow the same location as high altitudes and Adana’s
ones were similar Uysal Bayar and Cinar (2020) as lower altitude. The essential oil contents varied in quality and
quantity depending on several factors (Zgheib et al., 2019), especially geographic location as altitude. In addition,
essential oil biosynthesis increases during long days and high light intensity (Fernandes et al., 2013). Due to this
situation, the essential oil ratios of the plants grown in Adana were higher.

3.2. Essential Oil Components

The values of the essential oil components of O. husnucan-baserii taken from natural flora and cultured in
Karaman's Ermenek and Adana Districts are given in Table 6. When the essential oil components of O. husnucan-
baserii were examined, the 1% year was p-cymene with 81.29% as the main component followed by y-terpinene
with 4.37% and carvacrol with 3.90%. The 2" year’s highest rate was p-cymene with 81.39% followed by v-
terpinene with 8.24% and carvacrol with 2.88%. In the 3" year, the highest value was p-cymene with 66.62%,
followed by y-terpinene with 22.72% and thymol with 2.38%.

In the study, values related to essential oil components (%) of O. husnucan-baserii samples cultured in Adana
were given in Table 6. The highest rate as the main ingredient in the 1 year was p-cymene with 69.52% followed
by carvacrol with 21.67%, thymol with 2.10% and y-terpinene with 1.27%. The 2"@year highest rate was p-cymene
with 76.38% followed by y-terpinene with 7.86%, thymol with 4.66% and carvacrol with 2.86%. The importance
of p-cymene is due to its utilization as an intermediate in industrial fine chemicals syntheses for fragrances,
flavorings, herbicides, pharmaceuticals-cresol production, syntheses of not nitrated musk’s, the industrial
production of p-cymene is carried out by Friedel-Craftsalkylation’s form benzene or toluene (Martin-Luengo et
al., 2008). O. husnucan-baserii can be used as a source of p-cymene.

Baser et al. (1998) recorded that 20.23% borneol, 10.97% trans-sabinene hydrate, 8.36% terpinene and 6.06%
B-caryophyllene were found in O. husnucan-baserii volatile oil. Uysal et al. (2010) reported that 12.8-15.2%
borneol, 10.8-12.3% a-terpineol and 9.92% -11.8% trans-sabinene hydrate were found in O. husnucan-baserii
essential oil. Uysal Bayar and Ciar (2020) searched the yield and quality parameters of some cultivated Origanum
spp. Species for two years and the main component of essential oil O. husnucan-baserii was cymene with 40.27-
62.80% (mean 51.54%), and gamma-terpinene was another with 26.97-22.50% (mean 24.73%). The components
carvacrol ranged from 10.05-2.97% (mean 6.51%) and thymol from10.14-2.26% (mean 6.20%). Consistent with
the findings of Uysal Bayar and Cmar (2020) in the present study the main component of O. husnucan-baserii
essential oil was p-cymene both experiment areas, gamma-terpinene was the second component in Ermenek, but
it’s varied according to years in Adana and also carvacrol was a very changeable component in Adana, it was high
with 21.67% in the first year, was lower with 2.86% in the second year. A similar situation was determined by
Uysal Bayar and Cmar (2020). Unlike both studies, Baser et al. (1998) and Uysal et al. (2010) determined borneol
as the main component in O. husnucan-baserii. There are differences in the main components of the researches
mentioned in our study. It is known that environmental factors (such as temperature, precipitation, duration and
intensity of light, altitude, viewing, drought, salinity, soil nutrients and soil structure) have a great influence on the
synthesis and accumulation of active substances (Zgheib et al., 2019; Baydar, 2007). Altitude seemed to be the
most important environmental factor influencing the essential oil content (Chishtii et al., 2013). In addition, day
length (presence of light) and solar intensity cause the plant's photochemical reaction and change in the
accumulation of secondary metabolites and their constituents (Soltanbeigi and Samadpourrigani, 2021). We can
say that the work done differs from the other works due to the influence of environmental factors. This suggests
that ecological differences may be different components of the same species.
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Table 6. Essential Oil Components (%) of Origanum husnucan-baserii cultivated in Karaman's Ermenek and
Adana province

RT Components Ermenek Adana
2014 2015 2016 2015 2016
3.39  a-pinene 0.85 0.48 0.54 - 0.81
3.46  a-phellandrene 0.69 0.60 0.72 0.37 0.81
4,02  Camphene 0.83 0.39 0.35 0.34 0.62
4.73  B-pinene 0.66 0.62 0.10 - 0.14
5.01  Sabinene 0.27 - 0.20 - -
6.00  Myrcene - 0.53 0.90 0.14 0.39
6.34  o-terpinene 0.66 0.82 1.53 0.28 0.73
6.82 D-limonene 0.34 - 0.25 0.18 0.29
8.15  y-terpinene 4.37 8.24 22.72 1.27 7.86
8.94  P-cymene 81.29 81.39 66.62 69.52 76.38
9.56  a-methylcyclopentanone 0.12 0.55 0.23 - -
1535  1-Octen-3-ol - - - 0.39 0.47
20.28  caryophyllene 2.35 0.63 0.26 0.12 -
20.80  4-terpeneol 0.23 - 0.12 0.31 0.28
24.39  Borneol 0.86 0.18 0.50 0.64 1.30
25.28  B-bisabolene 0.65 - 0.41 0.27 0.23
25.61  Geranial 0.15 - - - -
27.17  Cuminaldehyde 0.10 - 0.12 0.15 0.11
33.64  Caryophyllene oxide 0.37 - 0.13 0.19 0.22
38.44  Spathulenol 0.36 - 0.10 - -
40.79  Thymol - - 2.38 2.10 4.66
40.35  Carvacrol 3.90 2.88 0.98 21.67 2.86
Total (%) 99.05 97.31 99.16 97.94 98.16
Number of Compounds  99.05 97.31 99.16 97.94 98.16

4. Conclusion

The wild O. husnucan-baserii have been cultivated at two locations and evaluated in terms of morphological
and chemical properties. Some properties as the height of the plant, fresh and dry herbage weights at Ermenek
were higher than Adana’s results however, Ermenek’s plants were three years old. The quantitative and qualitative
of essential oil is influenced by environmental factors, growing conditions and geographical locations. In terms of
essential oil content, plants cultivated in Adana had higher values. The composition of essential oil in both
locations was similar; p-cymene was the main component. Further, it could use as a source of p- cymene, especially
in Adana conditions. As a result, Ermenek conditions were more appropriate in terms of agricultural properties in
the O. husnucan-baserii samples, whereas Adana conditions were more appropriate in terms of essential oil content.
Although the yield values of O. hushucan-baserii are quite high, it is thought to be more suitable to use as an
ornamental plant because of the low essential oil content.
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Tiirkiye’nin Dogu Anadolu Bélgesi’nde Elaz1g, Erzincan, Malatya ve Tunceli Illerinde
Bulunan Afit parazitoiti Aphidiinae (Hymenoptera: Braconidae) Tiirleri

Aphid parasitoid species (Hymenoptera: Braconidae: Aphidiinae) of Elazig, Erzincan,
Malatya and Tunceli Provinces from Eastern Anatolia Region of Turkey

Gizem DEMIRHAN?, Ozlem CETIN ERDOGAN?"

Oz

Bu aragtirma 1982-2009 yillart arasinda Dogu Anadolu Bolgesi’nin Elazig, Erzincan, Malatya ve Tunceli illeri ve
ilgelerindeki tarim ve tarim dis1 alanlarindaki bitkiler tizerinde goriilen Aphidiinae (Hymenoptera: Braconidae)
tiirlerinin  tespit edilmesi amaciyla yiiriitiilmiistir. Orneklemeler Mayis-Agustos aylar1  arasinda
gerceklestirilmistir. Arastirmada 26 lokaliteden toplamda 121 6rnek incelenmis, 4 cinse ait (Aphidius Nees, 1819;
Binodoxys Mackauer, 1960; Diaeretiella Stary, 1960; Praon Haliday, 1833) 13 tiir saptanmustir. Aragtirmada tespit
edilen tiirlerin 7’si Aphidius (Aphidius avenae Haliday, 1834; A. colemani Viereck, 1912; A. eadyi Stary, Gonzalez
& Hall, 1980; A. ervi Haliday, 1834; A. matricariae Haliday, 1834; A. microlophii Pennachio & Tremblay, 1987;
A. urticae Haliday, 1834), 1°i Binodoxys (Binodoxys acalephae (Marshall, 1896)), 1°i Diaeretiella (Diaeretiella
rapae (Mclntosh, 1855)), 4’ii Praon (Praon barbatum Mackauer, 1967; P. nonveilleri Tomanovi¢ & Kavallieratos,
2003; P. volucre (Haliday, 1833); P. yomenae Takada,1968) cinsine aittir. Bu tiirlerden Praon barbatum
Mackauer, 1967 tirii Tirkiye Aphidiinae faunasi ig¢in yeni kayittir. Arastirma bolgesinde ayirdedilebilen 5
habitatin hepsinde bulunan tiirlerin Aphidius ervi, A. matricariae, Praon barbatum oldugu, A. avenae tiiriiniin
sadece bir habitatta bulunmasiyla habitat tercihleri bakimmdan en smurlt tiir oldugu tespit edilmis, Tiir sayisi
bakimindan ise bdlgede otsu bitkiler, yonca tarlasi ve meyve bahgesi habitatlarinin sirasiyla en zengin habitatlar
olarak yer aldig1 belirlenmistir. Tespit edilen tiirlerin Dogu Anadolu Bolgesi’ndeki illere gore sayisal dagilimlari
dikkate alindiginda Elazig ilinin 12 tiir ile en fazla, Erzincan ilinin 3 tiir ile en az tiir ile temsil edilen il oldugu
belirlenmistir. Yapilan bu arastirmayla Dogu Anadolu Bolgesi Aphidiinae faunasina yeni tiirler ilave edilmis,
Tiirkiye Aphidiinae tiir sayis1 65’ten 66’ya ¢ikarilmistir.

Anahtar Kelimeler: Aphidiinae, Braconidae, Tiirkiye, Aphidius, Binodoxys, Diaeretiella, Praon.
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Abstract

This study was carried our between 1982-2009 in order to determine the Aphidiinae (Hymenoptera: Braconidae)
species from agricultural lands, non-agricultural areas in the provinces of Elazig, Erzincan, Malatya and Tunceli
in East Anatolian Region. Sampling was done between May and August. In the study, a total of 121 specimens
from 26 localities were examined, and 13 species belonging to 4 genera (Aphidius Nees, 1819; Binodoxys
Mackauer, 1960; Diaeretiella Stary, 1960; Praon Haliday, 1833) were determined. The species of each genus are
obtained Aphidius avenae Haliday, 1834; A. colemani Viereck, 1912; A. eadyi Stary, Gonzéalez & Hall, 1980; A.
ervi Haliday, 1834; A. matricariae Haliday, 1834; A. microlophii Pennachio & Tremblay, 1987; A. urticae Haliday,
1834; Binodoxys B. acalephae (Marshall, 1896); Diaeretiella, rapae (Mclntosh, 1855); Praon barbatum
Mackauer, 1967; P. nonveilleri Tomanovi¢ & Kavallieratos, 2003; P. volucre (Haliday, 1833). Praon barbatum
is new record for Turkish Aphidiinae fauna. In the research area and in all five different habitats, A. ervi, A.
matricariae, P. barbatum are found. It has been determined that A. avenae is the most limited species in terms of
habitat preferences, being found in only one habitat. In terms of the number of species, it has been determined that
herbaceous plants, clover fields and fruit gardens are the richest habitats in the region, respectively. When the
provinces distributions of determined species were evaluated according to provinces in East Anatolian Region;
Elazig province appears to have the highest number of species which 12 and Erzincan province has the lowest
number with 3 species. With this research, new records were added to the Eastern Anatolia Region Aphidiinae
fauna, and the number of Turkey Aphidiinae species was increased from 65 to 66.

Keywords: Aphidiinae, Braconidae, Turkey, Aphidius, Binodoxys, Diaeretiella, Praon.
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1. Giris

Biyolojik miicadele kapsaminda zararli boceklerle miicadelede parazitoit olan Hymenoptera tiirleri etkin bir
sekilde kullanilmaktadir. Afitlerin parazitoiti olan Aphidiinae alt familyas1 (Hymenoptera: Braconidae) tiirleri
afitlerin miicadelesinde biiyilk 6neme sahiptir. Aphidiinae tiirleri afitlerin koinobiont endoparazitoitleridir. Yani
yumurtalarmi konukgunun igerisine veya lizerine birakirlar ve larvalar konuk¢unun iginde beslenerek gelisir.
Parazitoit yumurtasim biraktiktan sonra konukgu, parazitoit larvasi pupa oluncaya kadar, gelisme ve beslenmesine
devam eder. Ayrica Aphidiinae alt familyasi bireyleri soliter parazitoitlerdir; konukgularina bir adet yumurta
birakirlar ve konukguda bir parazitoit gelismesini tamamlayabilir.

Insan niifusunun hizla arttigi, buna bagli olarak da daha fazla besine ihtiya¢ duyuldugu giiniimiizde, bitki
zararlisi bocekleri ve bunlarin dogal ditsmanlari ile olan iligkilerini anlamak biiyiik 6nem tagir. Tiirkiye’de tarimsal
tiriinlerde ekonomik diizeyde zararli olan afitler ve afitlerin dogal diismanlarindan parazitoit Aphidiinae tiirleri ile
ilgili yapilmis az sayida ¢alisma bulunmaktadir (Avcr ve Ozbek, 1991; Ozder ve Kilinger, 1999; Uysal ve ark.,
2004; Aslan ve Karaca, 2005; Yiicel ve Kivan, 2018; Kok ve ark., 2020). Aphidiinae faunast ile ilgili ilk detayli
caligmanin Marmara Bolgesi’nde yapildig1 ve toplam 18 tiiriin saptandigi kayithidir (Cetin Erdogan ve ark., 2008).
Ayrica Tomanovic¢ ve ark. (2008) 8 tiir; Cetin Erdogan ve ark. (2010) Karadeniz Bolgesi’nde 12 tiir; Akar ve Cetin
Erdogan (2017) Edirne’den Tiirkiye Aphidiinae faunast igin 7 yeni tiir, Cetin Erdogan ve Akar (2018) Bati
Palearktik Bolgesi ve Tiirkiye Aphidiinae faunasi i¢in 1 yeni tiir kaydetmislerdir. Bugiine kadar Tiirkiye’den
toplam 65 Aphidiinae tiirli tanimlanmigtir. Ancak caligma sayisinin ve kapsadiklart alanlarin smirlt olmasi
nedeniyle Tirkiye’nin Aphidiinae faunasi1 ortaya koymak i¢in yapilan ¢alismalarin yetersiz kaldigi
goriilmektedir.

Bu ¢alismada Dogu Anadolu Bolgesi’nin Elazig, Erzincan, Malatya ve Tunceli illerinden 1982-2009 yillart
arasinda toplanmis olan ve Trakya Universitesi Fen Fakiiltesi Biyoloji Béliimii Entomoloji Miizesi koleksiyonunda
korunan o6rneklerin incelenmesi ile Aphidiinae (Hymenoptera: Braconidae) tiirlerinin tespit edilmesi, Tiirkiye
Braconidae faunasina katki saglanmasi ve afitlerin biyolojik miicadelesinde etkili olan Aphidiinae tiirlerinin
tespitiyle biyolojik miicadele ¢aligmalarina temel olusturacak verilerin elde edilmesi amaglanmustir.

2. Materyal ve Metot
2.1. Toplama Yontemi

Caligmanin materyalini Dogu Anadolu Boélgesi’nin Elazig (Baskil, Karagavus, Keban, Yukarigakmak), Erzincan
(Eksisu, Uziimlii), Malatya (Akcadag, Battalgazi, Dogansehir, Yazihan) ve Tunceli (Merkez, Pertek, Piiliimiir)
illerinde, tarim dis1 alanlar ile tarimsal alanlardan (tarla bitkileri ve meyve agaglar) toplanan Aphidiinae
(Hymenoptera: Braconidae) tiirleri olugturmustur. Caligma materyali etik kurul izni gerektiren ¢aligma grubunda yer
almamaktadir.

Ornekler 1982-2009 yillari arasinda Aphidiinae alt familyasina ait tiirlerin erginleri mayis-agustos aylari arasinda
atrap yardimi ile agag¢ dallarmdan, otsu ve ¢ali formundaki bitkilerden toplanmis ve drnekler % 70’lik alkol igeren
gliserinli tiiplerin icerisinde laboratuvara getirilmistir (Aydogdu, 2017). Orneklerin toplandig: tarih ile yerin cografik
koordinatlar1 ve habitat 6zellikleri not edilmistir.

2.2. Preperasyon

Aragtirma bolgesinden toplanan drnekler, ignelere gecirilmis kiigiik tiggen etiketler iizerinde tanida 6nemli olan
morfolojik dzellikleri goriinecek sekilde diizeltilerek yapistirilmig ve etiketlenerek teshis edilmek tizere saklanmustir.

2.3. Taksonomik Inceleme

Aragtirma materyali ile ilgili literatiir aragtrmasindan sonra Tirkiye Aphidiinae faunasi iizerine yapilmis
calismalar1 kapsayan literatiir esas aliarak tiirler tespit edilmis (Tomanovi¢ ve ark., 2008; Cetin Erdogan ve ark., 2010;
Yu ve ark., 2016., Akar ve Cetin Erdogan, 2017; Ghaliow ve ark., 2018), faunistik ve taksonomik agidan
degerlendirilmistir. Aphidiinae altfamilyasinin tiir teshis anahtarlar1 disi birey karakterlerine gore olusturulmus oldugu
i¢in incelenen materyal iginde disi bireyler yer almaktadir. Orneklerin teshislerinde Trakya Universitesi Fen Fakiiltesi
Biyoloji Boliimii Entomoloji Miizesi koleksiyonunda bulunan karsilastirma materyalinden de yararlanilmustir.

Aragtirma materyalinin toplandig1 lokalite, tarih, koordinat, yiikseklik ve habitat bilgileri ¢izelge seklinde
verilmigtir (Tablo 1). Elazig, Erzincan, Malatya ve Tunceli illerinde 6rnekleme yapilan lokaliteler sirastyla Sekil 1, 2,
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3 ve 4’te gosterilmistir.

Tablo 1. Elazig, Erzincan, Malatya ve Tunceli illerinde ornekleme yapilan lokaliteler, koordinatlar,
yiikseklikler (H), habitatlar ve tarihler

Table 1. Sampling localities, coordinates, altitudes (H), habitats and dates in Elazig, Erzincan, Malatya and
Tunceli provinces
Lok. H

Lokalite Koordinat Habitat Tarih
No (m)
. . 38°33'24"N -
1 Elazi1g-Baskil-Canbeyler 38°49°00"E 1116 Otsu bitkiler 03.06.2007
Elaz13-Baskil-Hacimustafa 38°38'36"N - 08.08.1982
2 Kéyi 38951'05"E 1407 Otsu bitkiler 23.05.1985
3 Elaz13-Baskil-Hacimustafa 38°38'36"N 1412 Otsu bitkiler 08.08.1990
Koyt 38°51'10"E Yonca tarlasi 23.07.1993
4 Elaz13-Baskil-Hacimustafa 38°38'34"N 1436 Otsu bitkiler 03.06.2007
Koyi 38°51'07"E Yonca tarlasi 04.06.2007
_ . 38°32'49"N .
5 Elaz1g-Baskil-Kuran 38°36'56"E 1194 Meyve bahgesi 10.06.2008
_ . 38°28'15"N -
6 Elaz13-Baskil-Topalkent 38°50'46"E 903 Otsu bitkiler 03.06.2007
_ . 38°34'26"N .
7 Elazig-Baskil-Yalindam 38°43'55"E 1400 Meyve bahgesi 10.06.2008
< 38°40'36"N .
8 Elazig-Karagavus 38°56'08"E 1424 Ekin tarlasi kenari 12.06.2008
< . 38°40'47"N L
9 Elazig-Keban-Agiirgen 38°50'54"E 1213 Otsu bitkiler 04.06.2007
. 38°44'01"N . 03.06.2007
10 Elaz1g-Keban-Ulupinar 38°49'49"E 1025 Meyve bahgesi 11.06.2008
. 38°44'59"N Meyve bahgesi
11 Elaz1g-Keban-Ulupinar 38°51'57"E 1229 Otsu bitkiler 11.06.2008
. 38°43'03"N -
12 Elaz1g-Yukarigakmak 38°54'31"E 1286 Otsu bitkiler 11.06.2008
. . 39°44'10"N e 15.06.2008
13 Erzincan-Eksisu 39°36'45"E 1164 Kavalik, sogiitlik 23.08.2008
. e . 39°37'38"N Kavaklik, sogiitliik
14 Erzincan-Uziimli-Demirpinar 39°47'34"E 1200 Otsu bitkiler 24.08.2008
. . - 39°43'17"N Ekin tarlas1 kenar
15 Erzincan-Uziimli-Geyikli 39°38'30"E 1191 Otsu bitkiler 15.06.2008
Meyve bahgesi
0422R"
16 Erzincan-Uziimli-Geyikli 39 43,36,,N 1391 Otsu bitkiler 15.06.2008
39°40'00"E
Yonca tarlasi
e 38°20'49"N -
17 Malatya-Akgadag-Kiirecik 37946'10"E 1749 Otsu bitkiler 23.06.2009
. 38°27'50"N .
18 Malatya-Battalgazi 38°2514"E 707 Meyve bahgesi 10.06.2008
o 38°20'01"N .
19 Malatya-Ciftlik 38°27'31"E 909 Ekin tarlas1 kenar1 03.06.2007
_ . . 37°59'01"N 1346 AU 02.06.2007
20 Malatya-Dogansehir-Resadiye 38900'50"E Kavaklik, sogiitlik 10.06.2008
0'2E" . 02.06.2007
21 Malatya-Dogansehir-Takaz igogg;‘:,,'; 1286 ]\O/Itzﬁvgitll’(‘ﬁ‘e‘i“‘ 14.07.2007
08.06.2008
I, 38°31'56"N -
22 Malatya-Yazihan-Siriir Koyt 38°15'13"E 710 Kavaklik, sogiitlik 09.06.2008
. . 39°08'25"N .
23 Tunceli-Margik 39°38'12"E 938 Ekin tarlasi kenari 14.06.2008
; - 39°02'29"N ]
24 Tunceli-Merkez-Aktuluk Koyt 39°30'25"E 941 Meyve bahgesi 27.08.2008
. 38°51'37"N .
25 Tunceli-Pertek 38°17'56"E 914 Meyve bahgesi 13.06.2008
S 39°27'10"N -
26 Tunceli -Pilimiir-Kangalli 39°51'43"E 1343 Otsu bitkiler 27.08.2008
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Figure 1. Sampling areas in Elaz:g province

Sekil 1. Elazig ilindeKi ornekleme alanlart

Figure 2. Sampling areas in Erzincan province

Sekil 2. Erzincan ilindeki érnekleme alanlart
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Figure 3. Sampling areas in Malatya province

Sekil 3. Malatya ilindeki ornekleme alanlar

Figure 4. Sampling areas in Tunceli province

Sekil 4. Tunceli ilindeki érnekleme alanlar
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3. Arastirma Sonuclari ve Tartisma

Bu ¢alismada 4 cinse ait (Aphidius Nees, 1819; Binodoxys Mackauer, 1960; Diaeretiella Stary, 1960; Praon
Haliday, 1833) toplam 13 tiir saptanmistir. Tespit edilen tiirlerle ilgili lokalite bilgisi, toplama tarihleri, toplanan
orneklerin sayisi ve cinsiyeti, tiirlerin zoocografik ve Tiirkiye dagilimlan ile ilgili bilgilere agagida sirasiyla yer
verilmistir.

Aphidius Nees, 1819
Aphidius (Aphidius) avenae Haliday, 1834
incelenen Materyal:

Elazi13-Baskil-Hacimustafa Koyii, 08.08.1982, 9.
Zoocografik Dagilimi:

Bati Palearktik, Dogu Palearktik, Nearktik, Oriental.
Tiirkiye’deki Dagilimi:

Bursa (Cetin Erdogan ve ark., 2008), Cankiri, Kastamonu, Ordu, Tokat (Cetin Erdogan ve ark., 2010),
Erzincan, Glimiishane (Alaserhat, 2015), Edirne (Akar ve Cetin Erdogan, 2017).

Aphidius (Aphidius) colemani Viereck, 1912
incelenen Materyal:

Elazig-Baskil-Hacimustafa Koyii, 04.06.2007, Q; Malatya-Dogansehir-Resadiye, 02.06.2007, 9.
Zoocografik Dagilimi:

Afrotropikal, Bat1 Palearktik, Dogu Palearktik, Nearktik, Neotropikal, Okyanusya, Oriental.
Tiirkiye’deki Dagilimi:

Izmir (Erkin, 1983; Giiciik ve Yoldas, 2000; Giincan ve ark., 2006; Giincan ve ark., 2010; Yoldas ve ark.,
2011), Ankara (Giiz, 2003), Diyarbakir (Olmez ve Ulusoy, 2003; Bayram ve ark., 2018), Kahramanmaras (Aslan
ve ark., 2004), Edirne (Cetin Erdogan ve ark., 2008) Adapazari, Bilecik, Bursa, Izmit, Tekirdag (Cetin Erdogan
ve ark., 2008), Amasya, Giimiishane, Ordu, Sinop, Tokat (Cetin Erdogan ve ark., 2010), Antalya (Giileg, 2011;
Sarag, 2014), Erzurum (Narmanlioglu, 2013), Adana, Hatay, Mersin, Osmaniye, (Satar ve ark., 2014), Aydmn
(Karakaya, 2014), Canakkale (Kok ve ark., 2017; Akar ve Cetin Erdogan, 2017), Sanlhurfa (Bayram ve ark., 2018).

Aphidius (Aphidius) eadyi Stary, Gonzalez & Hall, 1980
incelenen Materyal:

Elaz1g-Baskil-Hacimustafa Koyii, 08.08.1990, 39 %.
Zoocografik Dagilimi:

Bat1 Palearktik, Dogu Palearktik, Okyanusya.
Tiirkiye’deki Dagilim:

Diyarbakir (Olmez ve Ulusoy, 2003), Balikesir (Ayyildiz ve Atlihan, 2006), Bursa (Cetin Erdogan ve ark.,
2008), Erzincan, Giimiishane (Alaserhat, 2015), Edirne (Akar ve Cetin Erdogan, 2017).

Aphidius (Aphidius) ervi Haliday, 1834
incelenen Materyal:

Elaz1g-Baskil-Canbeyler, 03.06.2007, @; Elazig-Baskil-Hacimustafa Koyii, 08.08.1990, 599, 03.06.2007,
599Q; Elazig-Baskil-Topalkent, 03.06.2007, 9; Elaz1g-Keban-Ulupinar, 11.06.2008, Q; Elazig-Yukarigakmak,
11.06.2008, Q; Erzincan-Eksisu, 23.08.2008, @; Erzincan-Uziimli-Demirpmar, 24.08.2008, 69 Q; Erzincan-
Uziimlii-Geyikli, 15.06.2008, 89 %; Malatya-Battalgazi, 10.06.2008, 52 9; Malatya-Ciftlik, 03.06.2007, ;
Tunceli-Piiliimiir-Kangall, 27.08.2008, 29 Q.
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Zoocografik Dagilim:
Afrotropikal, Bat1 Palearktik, Dogu Palearktik, Nearktik, Neotropikal, Okyanusya, Oriental.
Tiirkiye’deki Dagilim:

Adana (Uygun ve Ozgiir, 1980; Zeren ve Diizgiines, 1983), Mersin (Uygun ve Ozgiir, 1980), Edirne (Cetin
Erdogan ve ark., 2008; Akar ve Cetin Erdogan, 2017), Konya (Elmali, 1993), Balikesir, Bilecik, Bursa, Canakkale,
Tekirdag (Cetin Erdogan ve ark., 2008), Amasya, Bayburt, Corum, Kastamonu, Ordu, Samsun, Sinop, Tokat
(Cetin Erdogan ve ark., 2010), Erzurum (Narmanlioglu, 2013), Diyarbakir, Sanliurfa (Bayram ve ark., 2018),

Aphidius (Aphidius) matricariae Haliday, 1834
incelenen Materyal:

Elazig-Baskil-Hacimustafa K&yii, 04.06.2007, 59; Erzincan-Eksisu, 15.06.2008, 29; Erzincan-Uziimlii-
Geyikli, 15.06.2008, 99 ; Malatya-Dogansehir-Resadiye, 10.06.2008, ¢; Tunceli-Pertek, 13.06.2008, ?; Tunceli-
Piliimiir-Kangalli, 27.08.2008, <.

Zoocografik Dagilimi:
Afrotropikal, Bat1 Palearktik, Dogu Palearktik, Nearktik, Neotropikal, Okyanusya, Oriental.
Tiirkiye’deki Dagilimi:

Izmir (Erkin, 1983; Yasarakinc1 ve Hincal, 1997; Yasarakinci ve Hincal, 2000b; Giincan ve ark., 2010),
Diyarbakir (Olmez ve Ulusoy, 2003; Bayram ve ark., 2018), Kahramanmaras (Aslan ve ark., 2004), Edirne (Cetin
Erdogan ve ark., 2008; Akar ve Cetin Erdogan, 2017; Tek ve Okyar, 2018), Isparta (Aslan, 2004; Aslan ve Karaca,
2005), Balikesir (Ayyildiz ve Atlihan, 2006), Igdir (Dasc1 ve Gii¢lii, 2008), Corum (Cetin Erdogan ve ark., 2010),
Mersin (Yanpar, 2013; Satar ve ark., 2014), Adana, Hatay, Osmaniye, (Satar ve ark., 2014), Adapazar, Bilecik,
Bursa, izmit (Cetin Erdogan ve ark., 2008), Antalya (Giileg, 2011), Aydin (Karakaya, 2014; Kaya Apak ve Aksit,
2016), Burdur (Aslan, 2015), Canakkale (K6k ve ark., 2017), Kayseri (Oztiirk ve Mustu, 2017), Sanliurfa (Bayram
ve ark., 2018).

Aphidius (Aphidius) microlophii Pennachio & Tremblay, 1987
incelenen Materyal:

Elazig-Baskil-Hacimustafa Koy, 23.07.1993, @; Elazig-Baskil-Topalkent, 03.06.2007, ¢; Elazig-Keban-
Astirgen, 04.06.2007, Q; Malatya-Akgadag-Kiirecik, 23.06.2009, @; Malatya-Battalgazi, 10.06.2008, 29 9;
Malatya-Dogansehir-Resadiye, 02.06.2007, 9; Malatya-Dogansehir-Takaz, 08.06.2008, ¢; Malatya-Yazihan-
Stirtir Kéyii, 09.06.2008, Q.

Zoocografik Dagilimi:

Bati Palearktik.
Tiirkiye’deki Dagilimi:

Edirne (Akar ve Cetin Erdogan, 2017).
Aphidius (Aphidius) urticae Haliday, 1834
incelenen Materyal:

Elazig-Baskil-Hacimustafa Koyii, 08.08.1982,29 %, 03.06.2007, Q.
Zoocografik Dagilimi:

Bat1 Palearktik, Dogu Palearktik, Nearktik, Okyanusya, Oriental.
Tiirkiye’deki Dagilim:

Bursa, Erzurum, Samsun, Sinop, Kastamonu, Tekirdag, Edirne (Tomanovi¢ ve ark., 2008; Akar ve Cetin
Erdogan, 2017), Kayseri (Oztiirk ve Mustu, 2017).

Binodoxys Mackauer, 1960
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Binodoxys acalephae (Marshall, 1896)

incelenen Materyal:

Elazig-Baskil-Hacimustafa Koyii, 23.05.1985, @, 23.07.1993, 29 9.
Zoocografik Dagilimi:

Bat1 Palearktik, Dogu Palearktik, Nearktik, Oriental.
Tiirkiye’deki Dagilimi:

Ankara (Giiz, 2003), Diyarbakir (Olmez ve Ulusoy, 2003; Bayram ve ark., 2018), ,Antalya (Giileg, 2011),
Erzincan, Giimiishane (Alaserhat, 2015), Canakkale (Kok ve ark., 2017), Edirne (Akar ve Cetin Erdogan, 2017),
Sanlmrfa (Bayram ve ark., 2018).

Diaeretiella Stary, 1960
Diaeretiella rapae (Mclntosh, 1855)
incelenen Materyal:
Malatya-Battalgazi, 10.06.2008, %.
Zoocografik Dagilimi:
Afrotropikal, Bati Palearktik, Dogu Palearktik, Nearktik, Neotropikal, Okyanusya, Oriental.
Tiirkiye’deki Dagilimi:

Ankara (Kilinger, 1982; Giiz, 2003), Izmir (Erkin, 1983; Yasarakinc1 ve Hincal, 2000a; Yasarakinc1 ve Hincal,
2000b; Giincan ve ark., 2010), Mersin (Zeren ve Diizglines, 1983; Satar ve ark., 2014), Erzurum (Avc1 ve Ozbek,
1991), Konya (Elmali, 1993), Tekirdag (Ozder ve Kilinger, 1999), Diyarbakir (Olmez ve Ulusoy, 2003; Bayram
ve ark., 2018), Kahramanmaras (Aslan ve ark., 2004), Edirne (Cetin Erdogan ve ark., 2008), Antalya (Giileg,
2011), Adana, Hatay, Osmaniye, (Satar ve ark., 2014), Burdur (Aslan, 2015), Akar ve Cetin Erdogan, 2017),
Sanliurfa (Bayram ve ark., 2018).

Praon Haliday, 1833
Praon barbatum Mackauer, 1967
incelenen Materyal:

Elazig-Baskil-Hacimustafa Koyi, 04.06.2007, 99 %; Elazig-Keban-Asiirgen, 04.06.2007, 499; Malatya-
Battalgazi, 10.06.2008, ?; Malatya-Ciftlik, 03.06.2007, ; Malatya-Dogansehir-Resadiye, 02.06.2007, 9;
Malatya-Dogansehir-Takaz, 02.06.2007, @, 14.07.2007, ¢; Tunceli-Merkez-Aktuluk Koy, 27.08.2008, <.

Zoocografik Dagilimi:
Bat1 Palearktik, Dogu Palearktik, Oriental.
Tiirkiye’deki Dagilimi: Bu tiir Tiirkiye Aphidiinae faunasi i¢in yeni kayittir.
Praon nonveilleri Tomanovié¢ & Kavallieratos, 2003
incelenen Materyal:

Elaz1g-Keban-Astirgen, 04.06.2007, 9; Elaz1g-Keban-Ulupmar, 03.06.2007, Q; Malatya-Ciftlik, 03.06.2007,
Q; Tunceli-Piilumiir-Kangalli, 27.08.2008, .

Zoocografik Dagilimi:

Bati Palearktik.
Tiirkiye’deki Dagilimi:

Edirne (Akar ve Cetin Erdogan, 2017).
Praon volucre (Haliday, 1833)

262



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(2)

incelenen Materyal:

Elazi3-Baskil-Hacimustafa Koyii, 04.06.2007, 499; Elazig-Baskil-Kuran, 10.06.2008, ?; Elazig-Baskil-
Yalindam, 10.06.2008, Q; Elazig-Karagavus, 12.06.2008, 39; Elazig-Keban-Ulupinar, 11.06.2008, 9; Erzincan-
Uziimlii-Geyikli, 15.06.2008, 292Q; Malatya-Battalgazi, 10.06.2008, Q; Malatya-Ciftlik, 03.06.2007, 29 9;
Tunceli-Margik, 14.06.2008, ¢; Tunceli-Piiliimiir-Kangalli, 27.08.2008, <.

Zoocografik Dagilimi:
Bat1 Palearktik, Dogu Palearktik, Neotropikal, Oriental.
Tiirkiye’deki Dagilimi:

Adana, Mersin (Zeren ve Diizgiines, 1983; Satar ve ark., 2014), Ankara (Kilinger, 1982; Giiz, 2003), Tekirdag
(Ozder, 1998; Ozder ve Kilinger, 1999; Cetin Erdogan ve ark., 2008), Amasya, Bolu (Cetin Erdogan ve ark., 2010),
Diyarbakir (Olmez ve Ulusoy, 2003; Bayram ve ark., 2018), Isparta (Aslan, 2004; Aslan ve Karaca, 2005;
Demir6zer ve Karaca, 2014), Balikesir (Ayyildiz ve Atlihan, 2006), Erzurum (Kavaz, 2006; Narmanlioglu ve
Gtiglii, 2008; Narmanlioglu, 2013; Giiglii ve ark., 2015), Bilecik, Bursa, Canakkale (Cetin Erdogan ve ark., 2008),
Igdir (Dasc1 ve Giiglii, 2008), Edirne (Cetin Erdogan ve ark., 2008; Akar ve Cetin Erdogan, 2017; Cetin Erdogan
ve ark., 2010), Giimiishane (Cetin Erdogan ve ark., 2010; Alaserhat, 2015), Ordu, Samsun, Tokat (Cetin Erdogan
ve ark., 2010), Antalya (Giileg, 2011), Hatay, Osmaniye (Satar ve ark., 2014), Burdur (Aslan, 2015), Erzincan
(Alaserhat, 2015; Alaserhat ve Canbay, 2017), Kayseri (Oztiirk ve Mustu, 2017), Sanlrfa (Bayram ve ark., 2018),

Praon yomenae Takada, 1968
incelenen Materyal:

Elazig-Baskil-Kuran, 10.06.2008, 9; Elazig-Yukarigakmak, 11.06.2008, 9; Malatya-Dogansehir-Takaz,
02.06.2007, <.

Zoocografik Dagilimi:
Bati Palearktik, Dogu Palearktik, Oriental.
Tiirkiye’deki Dagilimi:

Bilecik, Bursa (Cetin Erdogan ve ark., 2008), Tokat (Cetin Erdogan ve ark., 2010), Edirne (Akar ve Cetin
Erdogan, 2017),

Aragtirma bolgesinde saptanan tiirlerin toplanan birey sayisina goére dagilimlar Sekil 5°te verilmistir. Elde
edilen veriler sonucunda 26 lokaliteden 37 6rnek ile A. ervi konukgu afit tiir sayisinin fazla olmasi ve ekolojik
toleranslarinin yiiksek olmasi sebebiyle en ¢ok birey sayisina sahip tiir olarak tespit edilmistir. Calisma
kapsaminda A. avenae ve D. rapae tiirlerinden ise sadece birer 6rnek elde edilmistir.

Tiirlerin zoocografik bolgelere gore dagilimlarina bakildiginda (Tablo 2) A. colemani; A. ervi; A. matricariae
ve D. rapae tiirlerinin biitiin zoocografik bolgelerde bulunabildigi saptanmustir. Tiirkiye’nin de i¢inde bulundugu
Bat1 Palearktik Bolgesi’nde ise bu ¢aligmada saptanan 13 tiirlin tiimiiniin bulundugu gériilmektedir.

Aragtirma alan1 olan Elazig, Erzincan, Malatya ve Tunceli illerinde tespit edilen tiirler illere gore
degerlendirildiginde (Tablo 3) A. ervi; A. matricariae ve P. volucre’nin illerin timiinde bulundugu belirlenmistir.
A. avenae; A. eadyi; A. urticae ve B. acalephae sadece Elazig ilinde; D. rapae ise sadece Malatya ilinde
saptanmuistir.

Aphidius cinsi genis bir dagilima sahip ve ¢ok sayida tiir iceren biiylik bir gruptur. Yapilan aragtirma sonucunda
bu cinse ait 7 tiir (A. avenae; A. colemani; A. eadyi; A. ervi; A. matricariae; A. microlophii; A. urticae) saptanmustir.

Binodoxys cinsi genis zoocografik dagilima sahiptir. Tiirkiye’de de kaydi bilinen bir cinstir. Bu ¢aligmada
sadece B. acalephae Elazig ilinde saptanmistir. Tiirlin Erzincan ilinde daha 6nce yapilan bir ¢aligmada (Alaserhat,
2015) kaydi bulunmaktadir.

Bu caligmada Diaeretiella cinsine ait D. rapae sadece Malatya ilinde saptanmustir.
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Aragtirma bolgesinde Praon cinsine ait 4 tir (P. barbatum; P. nonveilleri; P. volucre; P. yomenae)
saptanmigtir. P. barbatum Tirkiye i¢in yeni kayittir. Elazig (13 adet), Malatya (5 adet) ve Tunceli (1 adet)
illerinden toplam 19 adet 6rnek elde edilmistir.

Calismada tespit edilen Aphidiinae tiirlerinin habitatlara gére dagilimlar1 Tablo 4’te verilmigtir. Tablo
incelendiginde A. ervi; A. matricariae ve P. barbatum tiirlerinin incelenen habitatlarin timiinde bulundugu
goriilmektedir. A. avenae sadece otsu bitkilerde; D. rapae tiiriine ise sadece meyve bahgesinde bulunmustur.

Literatiirde A. avenae; A. eadyi; B. acalephae (Alaserhat, 2015) ve P. volucre (Alaserhat, 2015; Alaserhat ve
Canbay, 2017) tiirlerinin daha 6nce Erzincan ilinde saptandig1 kayitlidir.

Elazig, Erzincan, Malatya ve Tunceli illerinde tespit edilen birey sayilart Sekil 6’da verilmistir. Buna gore
Elaz1g ilinde 60, Erzincan ilinde 28, Malatya ilinde 25 ve Tunceli ilinde 8 birey olmak {izere toplam 121 birey
incelenmistir.

Bu c¢alismada Dogu Anadolu Bolgesi’nin Elazig, Erzincan, Malatya ve Tunceli illerinin Aphidiinae
(Hymenoptera: Braconidae) faunasi taksonomik ve faunistik yonden degerlendirilmeye ¢alisilmistir. Aragtirma
sonucunda 1’1 Tiirkiye i¢in yeni kayit olmak iizere 4 cinse ait toplam 13 tiir tespit edilmistir.
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Figure 5. Distribution of the species in Elazig, Erzincan, Malatya and Tunceli provinces according to the
number of individuals collected

Sekil 5. Elazig, Erzincan, Malatya ve Tunceli illerinde saptanan tiirlerin toplanan birey sayisina gore
dagilimlar
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Tablo 2. Elde edilen Aphidiinae tiirlerinin zoocografik bélgelere gire dagilimlart

Table 2. Distribution of Aphidiinae species according to zoogeographic regions

Zoocografik oy
Bolgeler _ £
g g X 3 S
=1 = gz = 3 =
o A s 8 s g £
= = ny D & 5 > 2
o o3 S © [<5) [S) X =
Tiirler b M | a z o (@) ®)
Aphidius avenae Haliday,1834 ° ° °
Aphidius colemani Viereck, 1912 ° ° ° °
Aphidius eadyi Stary, Gonzalez & . . .
Hall, 1980
Aphidius ervi Haliday, 1834 ° ° ° ° ° °
Aphidius matricariae Haliday, 1834 ° ° ° ° ° °
Aphidius microlophii Pennachio & .
Tremblay, 1987
Aphidius urticae Haliday, 1834 ) ° ° ° °
Binodoxys acalephae (Marshall,
[} [} [ ] [}
1896)
Diaeretiella rapae (Mclntosh, 1855) ° ° ) ° ° °

Praon barbatum Mackauer, 1967

Praon nonveilleri Tomanovi¢ &
Kavallieratos, 2003

Praon volucre Haliday, 1833 ) ° °

Praon yomenae Takada, 1968

Tablo 3. Elazig, Erzincan, Malatya ve Tunceli illerinde tespit edilen tiirler

Table 3. Distribution of Aphidiinae species according to Elazig, Erzincan, Malatya and Tunceli provinces

Tiirler iller Elazig Erzincan Malatya Tunceli

Aphidius avenae Haliday,1834

Aphidius colemani Viereck, 1912 ° °

Aphidius eadyi Stary, Gonzalez & Hall, .

1980

Aphidius ervi Haliday, 1834

Aphidius matricariae Haliday, 1834 ) ° ° °

Aphidius microlophii Pennachio &

Tremblay, 1987 ¢ *
Aphidius urticae Haliday, 1834
Binodoxys acalephae (Marshall, 1896) °

Diaeretiella rapae (Mclntosh, 1855)

Praon barbatum Mackauer, 1967 ° ° °

Praon nonveilleri Tomanovi¢ &
Kavallieratos, 2003

Praon volucre Haliday, 1833 ) ° ° °

Praon yomenae Takada, 1968
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Tablo 4. Tespit edilen tiirlerin habitatlara gére dagilimlart

Table 4. Distribution of Aphidiinae species according to habitats

Habitatlar

Tii'(ll:sl Kavakhk Meyve Qt§u Yonca
Sogiitliik  Bahgesi Bitkiler Tarlasi
.. Kenar1
Tiirler
Aphidius avenae Haliday,1834 o
Aphidius colemani Viereck, 1912 ° °
Aphidius eadyi Stary, Gonzélez & . .
Hall, 1980
Aphidius ervi Haliday, 1834
Aphidius matricariae Haliday, 1834
Aphidius microlophii Pennachio &
Tremblay, 1987 ¢ ° ¢ ¢
Aphidius urticae Haliday, 1834
Binodoxys acalephae (Marshall, 1896)
Diaeretiella rapae (Mcintosh, 1855) °
Praon barbatum Mackauer, 1967 ° ° ° ° °
Praon nonveilleri Tomanovi¢ & . R .

Kavallieratos, 2003

Praon volucre Haliday, 1833 ° ° ° °

Praon yomenae Takada, 1968
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Figure 6. The number of individuals belonging to the Aphidiinae obtained from the provinces of Elazig,
Erzincan, Malatya and Tunceli

Sekil 6. Elazig, Erzincan, Malatya ve Tunceli illerinden elde edilen Aphidiinae altfamilyasina ait birey
sayilar
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4. Sonug¢

Dogu Anadolu Bolgesi’nin Elaz1g, Erzincan, Malatya ve Tunceli illerinin Aphidiinae (Hymenoptera:
Braconidae) faunasini belirlemek amaciyla yapilan galigmada 1982-2009 yillar1 arasinda 26 lokaliteden toplanmig
olan 121 6rnek incelenmistir. Sonugta 4 cinse ait (Aphidius; Binodoxys; Diaeretiella; Praon) 13 tiir saptanmigtir.

Aragtirma bolgesinde saptanan 13 tiriin 7°si Aphidius (A. avenae; A. colemani; A. eadyi; A. ervi; A.
matricariae; A. microlophii; A. urticae, 1’1 Binodoxys (B. acalephae), 1’i Diaeretiella (D. rapae), 4’4 Praon (P.
barbatum; P. nonveilleri; P. volucre; P. yomenae) cinsine aittir. Bu tiirlerden P. barbatum Tirkiye Aphidiinae
faunasi igin yeni kayittir.

Calisma sonucunda Tiirkiye Braconidae faunasina katkida bulunulmus, 6zellikle afitlerin parazitoiti olan ve
biyolojik kontrolde rol oynayan Aphidiinae tiirlerinin tespitiyle biyolojik miicadele calismalarina temel olusturan
parazitoit tiir listelerine Dogu Anadolu Bolgesi’nden de yeni tiirler ilave edilmis, Tiirkiye Aphidiinae tiir sayisi
65°ten 66’ya cikarilmistir.

Tesekkiir

Bu ¢alismamn 2007-2009 yillar1 arasinda toplanan materyali TUBITAK-106T588 no’lu proje destegi ile elde
edilmistir. Desteklerinden dolayr TUBITAK a tesekkiir ederiz. Makale birinci yazarmn 08.07.2021 tarihinde kabul
edilen yiiksek lisans tez ¢aligmasindan hazirlanmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Farkh Karanhk Kosullarinda IBA ve Kafeik Asidin Karadut (Morus nigra L.) Odun
Celiklerinin Kéklenmesi Uzerine EtKisi

Effect of IBA and Caffeic Acid on Rooting of Black Mulberry (Morus nigra L.) Hardwood
Cuttings in Different Dark Conditions

Osman Nuri OCALANY", Onur SARACOGLU?, Kenan YILDIZ®, Fatmanur CEZiK?*,

Ala Asi Mohammed Al-Salihi®

Oz

Bu caligma 2021 yilinda Tokat Gaziosmanpasa Universitesi Tarimsal Uygulama ve Arastirma Merkez
Midiirliigii'ne ait koklendirme serasinda yiiriitiilmiistiir. Calismada, farkli karanlik kosullar1 altinda 6000 ppm
indol-3-biitirik asit (IBA) ve 2000 ppm kafeik asit (KA) uygulamalarinin karadut odun ¢eliklerinin koklenmesi
iizerine etkisi arastirilmistir. Deneme, tesadiif parselleri deneme desenine gore faktoriyel diizende 3 tekerriirlii
olarak kurulmustur. Materyal olarak miidiirliik biinyesinde bulunan damizlik karadut agaclarmin bir yash
dallarindan hazirlanan odun gelikleri kullanilmigtir. Odun gelikleri 2021 yilinin subat ayinda alinarak alttan 1sitmali
(204£2°C) perlit ortamina dikilmigtir. Calismada kullanilan gelikler 3 gruba ayrilarak birinci gruptaki celiklerin
tizeri dikimden sonra siyah malg Ortiisii ile kapatilmig (Dikim Sonrasi Karanlik=DSK); ikinci gruptaki ¢elikler
dikimden &nce 5 giin karanlik kosulda bekletildikten sonra koklendirme ortamina dikilmis (Dikim Oncesi
Karanlik=DOK); iigiincii gruptaki geliklere ise herhangi bir karanlik uygulamasi yapilmamustir (Standart). Her bir
karanlik uygulamasindaki geliklere 6000 ppm IBA ve 2000 ppm KA tek basina veya birlikte uygulanmistir.
Koklenme ortaminda 90 giin bekletilen ¢elikler bu siire sonunda sokiilerek; koklenme orani, kallus olusum orant,
¢lirime orani, kok sayisi, kok uzunlugu ve kok ¢api degerleri kaydedilmistir. Calisma sonucunda kéklenme
oran1 %2.2 ile %77.8 arasinda degismistir. En yiiksek koklenme oranina DOK kosulundaki ¢eliklere 6000 ppm
IBA ve 6000 ppm IBA + 2000 ppm KA uygulamalari sonucunda ulasilmistir. Kallus olusturan geliklerin
oran1 %64.4 ile %93.3, kok sayis1 1.5 ile14.4 kok/celik, kok uzunlugu 3.6 ile10.8 cm ve kok ¢ap1 0.86 ile1.53 mm
arasinda degisim gostermistir. Elde edilen veriler, DOK kosulunda bekletilen celiklere IBA'nin tek basina ya da
KA ile birlikte uygulanmasinin karadutun kéklenmesine olumlu etki yaptigimi gostermistir.

Anahtar Kelimeler: Karanlik uygulamasi, Kafeik asit, Kallus, Morus nigra L., Odun geligi.
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Abstract

Research was carried out in an experimental greenhouse on the lands of Agricultural Applications and Research
Center in Tokat Gaziosmanpasa University in 2021. In the study, the effects of 6000 ppm indole-3-butyric acid
(IBA) and 2000 ppm caffeic acid (CA) applications on the rooting of black mulberry hardwood cuttings under
different dark conditions were investigated. The experiment was set up in a factorial pattern with 3 replications
according to the randomized plot design. As plant material, one-year-old hardwood cuttings of black mulberry
taken from trees grown in Agricultural Applications and Research Center were used. Hardwood cuttings were
collected on February 2021 and then planted in bottom-heated (20+2°C) perlite medium. The cuttings were divided
into 3 groups and the cuttings in the first group were covered with black mulch after planting (Dark After
Planting=DAP); the cuttings in the second group were kept in the dark for 5 days before planting and then planted
in the rooting medium (Dark Before Planting=DBP); no dark was applied to the cuttings in the third group
(Standard). 6000 ppm IBA and 2000 ppm CA, either alone or together, were applied to the cuttings in each dark
treatment. The hardwood cuttings were kept in the rooting environment for 90 days and at the end of this period
each cuttings were scored for rooting rate, callus formation rate, decay rate, root number, root length, and root
diameter. As a result of the study the rooting rate varied between 2.2% and 77.8%. The highest rooting rate was
achieved from 6000 ppm IBA and 6000 ppm IBA+2000 ppm CA applications to the cuttings in the DBP conditions.
The rate of callus-forming cuttings varied between 64.4% and 93.3%, root number varied between 1.5 and 14.4
per cuttings, root length varied between 3.6 and 10.8 cm, and root diameter varied between 0.86 and 1.53 mm.
The data showed that the application of IBA either alone or together with CA to the cuttings kept in the DBP
condition had a positive effect on the rooting of the black mulberry hardwood cuttings.

Keywords: Dark treatment, Caffeic acid, Callus, Morus nigra, Hardwood cuttings.
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1. Giris

Dut (Morus sp.), Moraceae ailesinin Morus cinsine ait ¢ok yillik bir meyve tiiridiir. Binlerce yildir
yetistiriciligi yapilmaktadir. Asya, Avrupa, Kuzey ve Giiney Amerika ve Afrika'nin tropikal, subtropik ve iliman
bolgelerinin genis alanlarina uyum saglamigtir. Dut agaglari tarihsel olarak ipek bocekeiliginde yaprak verimi igin
kullanilmistir. Meyveleri, kokleri ve kabugu, halk tibbinda (6zellikle Cin tibbinda) diyabet, hipertansiyon, anemi,
artrit (eklem iltihab1) ve agiz lezyonlarinin tedavisinde kullanilmistir (Ozgen ve ark., 2009). En 6nemli dut tiirleri
Morus alba L. (Beyaz dut), Morus australis Poir. (Cin dutu), Morus indica L. (Hint dutu), Morus microphylla
Bickl. (Texas dutu), Morus nigra L. (Kara dut), Morus rubra L. (Kirmizi-mor dut) ve Morus serrata Roxb.
(Himalaya dutu)’tur (Vijayan et al., 2004; Ozrenk ve ark., 2010). Dutlarda tozlagsma riizgarla (anemofil)
saglanmaktadir. Agaclar ya dioik ya da monoik ve bazen bir cinsiyetten digerine degisime ugramaktadir.
Tiirkiye'de biiylik 6neme sahip olan dut, 400 yildan uzun siiredir bilinmekte ve yetistirilmektedir. Yaygin olarak
yetistiriciligi yapilan tiirler; M. Alba L., M. nigra L. ve M. Rubra L.”dir (Ercisli ve Orhan 2007). "Karadut" olarak
bilinen M. nigra, olaganiistii renkte sulu meyvelere ve kendine 6zgii, hafif asidik bir tada sahiptir (Ozgen ve ark.,
2009). Taze olarak veya regel, marmelat, piire, meyve suyu, ezme, dondurma, sarap ve dondurulmus tatlilar gibi
cesitli sekerleme tiriinleri seklinde tiiketilmektedir (Koyuncu, 2004). Son yillarda 6zellikle karadut fidanlarina olan
ilgi artmaktadir (Saragoglu ve ark., 2016). Fidan iiretimi; tohum, ¢elik, asi, daldirma ve doku kiiltiirii gibi
yontemlerle yapilabilmektedir (Zenginbal ve Esitken, 2016). Geleneksel olarak dut, g¢elik ve tohumla
cogaltilmaktadir (Edizer ve ark., 2016). Capraz tozlasmadan kaynaklanan bitkilerde olusan heterozigotluk
nedeniyle tohum yoluyla ¢ogaltma istenmeyen bir durumdur. Asilama yoluyla ¢ogaltim, yasanan zorluklar
nedeniyle oldukga sinirlidir. Dutta agilama sirasinda siit salgisinin olugsmasi ve tomurcuk dokusu altindaki bosluklu
yapidan dolay1 as1 basaris1 diisiik olmaktadir (Unal ve ark., 1992; Zenginbal ve Esitken, 2016). Mikro ¢ogaltma
gibi doku kiiltiirii teknikleri, kisa siirede ¢ok sayida tek tip bitkicik {iretimi i¢in hizli ve giivenilir bir yontem saglar
(Anis ve ark., 2003) ancak uzman personel ve pahali alt yap1 ve donanim gereksiniminden dolay1 tam olarak pratik
kazanamamustir. Celikle ¢ogaltma, klonal rejenerasyon yetenegi olan bitkiler i¢in en ucuz ve en pratik yontemdir
(Yildiz ve ark., 2009). Fakat karadut ¢eliklerinde adventif kok olusumunda yasanan zorluklar, dut yetistiricileri
icin dezavantaj olmaktadir (Anis ve ark., 2003). Bu sikintinin 6niine gegebilmek i¢in farkli hormon ve ortam
calismalar1 yapilmaktadir. Celikle cogaltmada kdklenme performansinin, ¢eliklerin oksin metabolizmasi, fenolik
metabolizmasi ve besin durumu ile baglantili oldugu bildirilmistir (Isfendiyaroglu ve Kacar, 2019). Fenolik asitler
dahil olmak iizere ¢esitli endojen maddeler, adventif koklenmeyi tesvik etmekte veya engelleyebilmektedir.
Fenolik asitler, indol-3-asetik asit (IAA)-oksidaz sistemini inhibe ederek koklenme sirasinda oksin aktivitesini
artirmakta, boylelikle IAA'nin yok edilmesini 6nlemektedir (Shang ve ark., 2017). Shang ve ark., (2017)’nin in
vitro ortaminda yaptiklar1 ¢alismada, endojen fenolik asitlerin (kafeik asit, metil gallat, paeoniflorin ve
asetovanillone) icerigindeki degisikliklerin aga¢ sakayik (Moutan peony) bitkisinin kdklenmesi ile yakindan
iliskili oldugu ve eksojen trifenollerin ve 6zellikle difenollerin in vitro koklenme i¢in avantajli oldugu sonucuna
varmiglardir.

Bu ¢alismada, alttan 1sitma sistemine sahip ¢ogaltma {initesinde, farkli karanlik kosullarda bekletilen karadut
odun celiklerinde indol-3-biitirik asit (IBA) ve kafeik asit (KA) biiyiime diizenleyicilerinin koklenme
performanslarina etkisi aragtirilmstir.

2. Materyal ve Metot

Arastirma, 2021 yilinda Tokat Gaziosmanpasa Universitesi Tarimsal Uygulama ve Arastirma Merkez
Midiirliigii'ne ait koklendirme serasinda yiiriitiilmiistiir. Deneme, tesadiif parselleri deneme desenine gore
faktoriyel diizende 3 tekerrtirlii olarak kurulmustur. Her tekerriirde 15 ¢elik mevcuttur. Materyal olarak mudiirliik
bilinyesinde bulunan damizlik karadut agaclarinin bir yagl dallarindan hazirlanan odun c¢elikleri kullanilmistir.
Odun celikleri 2021 yilinin subat ayinda alinarak alttan 1sitmal1 (202°C) perlit ortamina dikilmistir. Dikimden
once odun gelikleri 15-20 cm uzunlugunda kesilerek; 1) 6000 ppm IBA (Yildiz ve ark., 2009) 2) 2000 ppm KA
(Shang ve ark., 2017) 3) 6000 ppm IBA + 2000 ppm KA ve 4) saf su (kontrol) uygulanmistir. Cozeltilerin etkin
maddesi, metanol i¢inde ¢oziindiiriilerek dozlari ayarlanmistir. Karadut celiklerinin alttan 5 cm’lik kismi
cozeltilere batirildiktan sonra (saf su ve IBA soliisyonunda 5 saniye, KA soliisyonunda 2 dakika tutulmustur)
tizerlerindeki alkoliin ugmasi i¢in 10 saniye bekletilmistir. Celiklerin kdklendirme agamasi i¢in 3 farkli kosul
tasarlanmigtir:
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1.Kosul; ¢ozeltilere daldirilmis karadut celikleri sera icerisindeki perlitle doldurulmus bentlere direkt olarak
dikilip iizerlerine siyah malg Ortiisii ¢ekilmistir ve sokiim giiniine kadar sadece sulamak i¢in iistleri agilmistir
(DSK=Dikim Sonrasi Karanlik).

2.Kosul; karadut celikleri dikimden &nce siyah malg Ortiisii ile olusturulan karanlik kosul icerisinde 5 giin
bekletildikten sonra ¢ozeltilere daldirilip sera igerisindeki perlitle doldurulmus bentlere dikilmistir (DOK=Dikim
Oncesi Karanlik).

3.Kosul; ¢ozeltilere daldirilmig karadut gelikleri sera igerisindeki perlitle doldurulmus bentlere direkt olarak
dikilmistir (Standart).

Koklenme kosullarinda 90 giin bekletilip ardindan sokiimii yapilan geliklerde su dlgiimler yapilmistir:
Koklenme orani: Her tekerriirde koklenen gelik sayisinin toplam gelik sayisina orani (%) olarak ifade edilmistir

Kallus olusum orani: Her ¢elikte yara dokusunun olusup olusmadigina bakilmis ve yara dokusu olusturan ¢elik
sayisinin toplam ¢elik sayisina orani (%) olarak ifade edilmistir.

Ciirtime orani: Celiklerin adventif kok bolgelerindeki 6lii kisimlar (kararmis) ¢iirime olarak degerlendirilmis
ve ciiriiyen celik sayisinin toplam ¢elik sayisina orani (%) olarak ifade edilmistir.

Yiizde oran olarak verilen yukaridaki parametreler belirlenirken bazi geliklerde koklenme, kallus olusumu ya
da giirtime bir arada meydana geldiginden dolay1 bunlarin toplami %100’i gecebilmektedir.

Kok sayisi: Celik basina olusan kokler sayilmistir.

Kok uzunlugu: Her gelikte en uzun 5 kok belirlenmistir. Bir cetvel yardimi ile kok bogazi ile kokiin en ug
noktasi arasindaki mesafe 6l¢iilmiistiir.

Kok kalmliklari: Her gelikte en kalin 5 kdk {izerinden 6lgtimler alinmigtir. Bir kumpas yardimi ile kokiin en
kalin kisimlar1 6l¢iilmiistiir.

Elde edilen veriler SAS paket programi kullanilarak varyans analizine tabi tutulduktan sonra ortalamalarin
karsilastirilmasinda Duncan ¢oklu kargilastirma testi (P<0.05) kullanilmistir. Yiizde olarak ifade edilen koklenme,
kallus ve ¢iiriime oranlar1 normal dagilim gostermediginden ag1 transformasyonu (karekdk arcsin) uygulandiktan
sonra, kok sayisi degerleri ise logaritmik olarak donistiiriildiikten sonra analiz edilmistir.

3. Arastirma Sonuglari ve Tartisma
3.1. Arastirma sonuclart
Koklenme orani, kallus olusum orani ve ciiriime orani

Karadut odun ¢eliklerinden elde edilen koklenme orani, kallus olusum orani ve ¢lirlime orani Tablo 1’de
verilmistir. Her {i¢ koklendirme kosulunda da IBA’in hem tek basina hem de KA ile birlikte uygulanmasi
koklenmede istatistiki agidan 6nemli bir artig saglamistir. Standart kosulda saf su ve KA ile muamele edilen
celiklerin sirasiyla %2.2 ve %8.9’u adventif kok olusturabilirken IBA uygulanan ¢eliklerin %62.2’si, IBA+KA
uygulanan celiklerin ise %51.1°1 koklenmistir. Benzer durum DSK ve DOK kosullarinda da gériilmiistiir. DSK
kosulunda, saf su ve KA ile muamele edilen ¢eliklerde sirasiyla %8.9 ve %4.5 koklenme goriiliirken, IBA ve
IBA+KA uygulamalarinda sirastyla %68,9 ve %46,7 koklenme gdzlemlenmistir. DOK kosulunda ise saf su ve KA
ile muamele edilen c¢elikler sirasiyla %20 ve %13.3 koklenme gosterirken, IBA ve IBA+KA
uygulamalarinda %77.8 koklenme orani tespit edilmistir. Karanlik kosullarinin etkisi gelisme diizenleyici
uygulamasina bagli olarak farklilik gostermistir. Tek bagina IBA ve KA uygulanan geliklerde, koklenme basarisi
acisindan karanlik uygulamalar1 arasinda belirgin bir farklilik ortaya ¢ikmamistir. Higbir gelisme diizenleyicinin
uygulanmadig1 kontrol ve IBA+KA uygulamasinda, DOK kosulundan standart kosula kiyasla daha yiiksek
koklenme oranlari elde edilmistir (Tablo 1).

Celiklerde kallus olusum oranina bakildiginda gelisme diizenleyici uygulamalar: agisindan standart ve DOK
kosullarinda herhangi bir farklilik gériilmezken DSK kosulu igerisinde kontrol (%93.3) uygulamasi, IBA (%75.6)
ve IBA+KA (%75.6) uygulamalarma kiyasla daha yiiksek degerlere ulagsmistir. Standart dahil karanlik
uygulamalarinda kallus olugsumu oranmi tim gelisme diizenleyicilerde benzer olmus ancak kontrol ile farklilik
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gostermigtir. Hicbir gelisme diizenleyicinin uygulanmadigi kontrol uygulamasinda, standart kosula kiyasla DSK
kosulunda daha yiiksek kallus olusumu goriilmiistiir (Tablo 1).

Standart, DSK ve DOK kosullar1 igerisinde celiklerin adventif kok bélgelerindeki ¢iiriime durumlar
incelendiginde biitiin yetistirme kosullarinda KA ile muamele edilen ¢eliklerde ¢lirimenin daha az oldugu
goriilmiistiir.  Standart kosulda KA uygulanan g¢eliklerin sadece %13.3’t g¢iirlirken IBA uygulanan
celiklerin %33.3’l ¢lirimiistiir. DSK kosulunda, KA uygulanan ¢eliklerin %33.3’linde ¢ilirlime goriiliirken
IBA+KA uygulanan celiklerde %55.6 ciiriime goriilmiistiir. Ayn1 zamanda bu kosulda dikimle beraber koklenme
faaliyetleri bagladig1 icin 6zellikle IBA uygulamalarinda koklenmis bazi ¢eliklerde ortam neminin yiiksek olmasi
sebebiyle ¢iiriimeler gozlemlenmistir. DOK kosulunda ise kontrol grubunda ve KA uygulanan geliklerde ciiriime
goriilmezken IBA ve IBA+KA uygulanan geliklerde ¢iiriime oranlar1 sirasiyla %15.6 ve %22.2 olmustur. Karanlik
kosullarin etkisi gelisme diizenleyici uygulamalarina baglh olarak farklilik gostermistir. Gelisme diizenleyici ve
saf su (kontrol) ile muamele edilen celiklerde, DOK kosulundan standart ve DSK kosullarina kiyasla daha diisiik
ciirtime oranlari elde edilmistir (Tablo 1).

Tablo 1. Farkli uygulamalara ve kosullara tabi tutulan karadut odun ¢eliklerinin koklenme performanslar

Table 1. Rooting performances of black mulberry hardwood cuttings subjected to different applications and

conditions
Uygulama/Kosul Standart DSK DOK
Koklenme Orani (%)

Kontrol 2.2(0.09)Bb 8.9(0.24)Bab 20.0 (0.46) B a
IBA 62.2 (0.91) Aa 68.9 (0.99) Aa 77.8(1.08) Aa
KA 89(0.24)Ba 45(0.17)Ba 13.3(0.37)Ba

IBA+KA 51.1(0.80) A b 46.7 (0.75) A b 77.8(1.08) Aa
Kallus Olusum Oram (%)

Kontrol 77.8(1.09) Ab 93.3(1.36) Aa 82.2(L.21)Aab
IBA 64.4 (0.93) Aa 75.6 (1.05) B a 75.6 (1.06) Aa
KA 77.8(1.09) Aa 88.9 (1.23) ABa 77.8(1.08) Aa

IBA+KA 77.8(1.08) Aa 75.6 (1.05) B a 75.6 (1.06) Aa
Ciiriime Orani (%)

Kontrol 22.2 (0.48) AB a 35.6 (0.64) B a 0.0 (0.00)Bb
IBA 33.3(0.62) Aa 46.7 (0.75) AB a 15.6 (0.32) Ab
KA 13.3(0.31)Bb 33.3(0.61)Ba 0.0 (0.00)Bc

IBA+KA 28.9 (0.56) AB ab 55.6 (0.84) Aa 22.2(0.48) Ab

DSK=Dikim sonras1 karanhik. DOK=Dikim &ncesi karanlik. Satirlarda kiigiik harflerle gosterilen gruplamalar her uygulamanim kendi i¢inde
degerlendirilmesinin yapildig1 testlerden elde edilmistir ve farklar1 6nemli olmayan ortalamalar ayn1 kiigiik harfle gosterilmistir. Siitunlarda
biiyiik harflerle gosterilen gruplamalar her kosulun kendi i¢inde degerlendirilmesinin yapildig: testlerden elde edilmistir ve farklar1 6nemli
olmayan ortalamalar ayni bilyiik harfle gosterilmistir (p<(0,05 ). Koklenme, ¢iirime ve kallus olusum oranlar1 i¢in parantez igindeki degerler
radyan cinsinden ag1 degeridir.

Kok sayisi, kok uzunlugu ve kok capr

Karadut odun ¢eliklerinden elde edilen kok sayisi, kok uzunlugu ve kok ¢ap1 Tablo 2°de verilmistir. Standart,
DSK ve DOK kosullari igerisinde IBA hem tek bagina hem de KA ile uygulandiginda kék sayisinda belirgin bir
artis saglamigtir. Standart kosulda saf su ve KA ile muamele edilen celiklerde sirasiyla 3 ve 1.5 kok/celik
goriilirken IBA uygulanan geliklerde 7.7 kok/gelik, IBA+KA uygulanan geliklerde ise 10.5 kok/gelik tespit
edilmistir. Benzer durum DOK kosulunda da gériilmiis, kontrol ve KA grubu geliklerinde sirasiyla 2.1 ve 1.6
adet/celik, IBA ve IBA+KA grubu ¢eliklerinde ise sirasiyla 12.2 ve 13 kok/gelik tespit edilmistir. DSK kosulunda
ise kontrol ve KA grubu ¢eliklerinde sirasiyla 2.2 ve 2.5 kok/gelik, IBA uygulanan geliklerde 14.4 adet kok/gelik
tespit edilmistir. Bunu 6.7 adet/celik olusturan IBA+KA uygulamasi takip etmistir. Karanlik uygulamalarinin
etkisi gelisme diizenleyici uygulamasia bagli olarak degisiklik gostermistir. Higbir gelisme diizenleyicinin
uygulanmadig1 kontrol ve KA grubu celiklerde, kok sayist agisindan karanlik uygulamalari arasinda belirgin bir
farklilik ortaya ¢ikmamistir. IBA uygulamasinda ¢eliklere dikim sonrasi karanlik uygulandiginda standart kosula
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kiyasla daha fazla sayida kok elde edilmistir. IBA+KA ¢ozeltisi ile muamele edilen geliklerde ise dikim &ncesi
karanlik uygulamasinin standart kosula gore kok sayisini artirdigi, dikim sonrasi karanlik uygulamasinin ise
diigiirdiigii goriilmistiir (Tablo 2).

K&k uzunlugu agisindan standart, DSK ve DOK kosullari icerisinde uygulamalar arasinda belirgin farkliliklar
ortaya ¢ikmistir. Standart kosulda en yiiksek kok uzunluguna 10.8 cm ile KA uygulamasi sonucunda ulagilmistir.
Bu degeri 9.2 cm ile kontrol ¢elikleri takip etmistir. En diisiik deger ise 7.1 cm ile IBA+KA uygulanan geliklerde
goriilmiistiir. DSK kosulunda en yiiksek kok uzunlugu degeri 6.4 cm ile kontrol ¢eliklerinde goriilmiistiir. En diisiik
deger ise 3.6 cm ile KA uygulamasindan elde edilmistir. DOK kosulunda ise kontrol celikleri 3.9 cm kok
uzunluguna sahipken IBA uygulamasindan 8 cm, IBA+KA uygulamasindan 7.3 cm kok uzunlugu tespit edilmistir.
Karanlik kosullarinin etkisi gelisme diizenleyici uygulamasina bagli olarak degisiklik gostermistir. Kontrol ve KA
uygulanan celiklerde standart kosuldan, DSK ve DOK kosullarina kiyasla daha yiiksek kok uzunlugu degerlerine
ulasilmustir. IBA ve IBA+KA uygulanan celiklerde ise standart ve DOK kosullarindan, DSK kosuluna kiyasla
daha yiiksek degerler elde edilmistir (Tablo 2).

Celiklerin kok caplari incelendiginde DSK ve DOK kosullarinda uygulamalar arasinda belirgin bir farklilik
ortaya ¢ikmamistir. Standart kosul igerisinde KA tek basma uygulandiginda kok capinda belirgin bir artis
saglamistir. Standart kosulda kontrol geliklerinin kok ¢ap1 0.86 mm iken KA uygulanan geliklerin ¢ap1 1.53 mm’dir
Karanlik uygulamalarmin etkisi yalnizca KA uygulamasina bagl olarak degisiklik gostermistir. KA uygulanan
celiklerde standart ve DOK kosullarindan, DSK kosuluna kiyasla daha yiiksek kok ¢apr degerlerine ulagilmigtir
(Tablo 2).

Tablo 2. Farkli uygulamalara ve kosullara tabi tutulan karadut odun celiklerinin koklenme performanslart

Table 2. Rooting performances of black mulberry hardwood cuttings subjected to different applications and

conditions
Uygulama/Kosul Standart DSK DOK
Kok Sayisi (adet/celik)

Kontrol 30(11)Ba 22(08)Ca 21(0.7)Ba
IBA 7.7(2.0)Ab 14.4 (2.6) Aa 12.2 (2.5) Aab
KA 15(.3)Ba 25(0.9)Ca 16(0.4)Ba

IBA+KA 105(2.3)Aab 6.7(1.9)Bb 13.0(26)Aa
Kok Uzunlugu (cm)

Kontrol 9.2ABa 6.4Ab 39Bc
IBA 8.6Ba 45ABb 80Aa
KA 108Aa 3.6Bb 52Bb

IBA+KA 71Ba 52ABb 73Aa
Kok Cap1 (mm)

Kontrol 0.86Ba 107Aa 0.98Aa
IBA 1.21 ABa 109Aa 1.17Aa
KA 153Aa 093AbDb 1.32Aab

IBA+KA 1.27 AB a 110Aa 095Aa

DSK=Dikim sonrasi karanlik. DOK=Dikim 6ncesi karanlik. Satirlarda kiiciik harflerle gésterilen gruplamalar her uygulamanin kendi iginde
degerlendirilmesinin yapildig: testlerden elde edilmistir ve farklar1 6nemli olmayan ortalamalar ayn1 kiigiik harfle gosterilmistir. Siitunlarda
biiyiik harflerle gosterilen gruplamalar her kosulun kendi i¢inde degerlendirilmesinin yapildig: testlerden elde edilmistir ve farklari onemli
olmayan ortalamalar ayni biiytik harfle gosterilmistir (p<(0,05 ). Kok sayisi igin parantez i¢inde verilen degerler e tabanina gore logaritma
degerleridir.

3.2. Tartisma
Koklenme orani, kallus orani ve ciiriime oranit

Yaptigimiz calismada, karadut odun celiklerinin kéklenmesinde en etkili kosulun DOK kosulu oldugu tespit
edilmigtir. Celiklere dikim oncesi karanlik uygulanmasi durumunda ise koklenme orani iizerine en etkili
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uygulamalarin %77.8 koklenme basarisiyla IBA ve IBA+ KA oldugu gorilmistir. IBA ve IBA+KA
uygulamalarinin biitiin kosullarda kéklenme orani {izerine kontrol ve KA uygulamalarindan daha etkili oldugu
anlasilmistir. En fazla kallus olusumu, DSK kosulunda kontrol (%93.3) ve KA (%88.9) uygulamalarindan elde
edilmigtir. Kallus olusumu ile koklenme arasinda bir baglanti kurulamamistir. Nitekim, ¢elikle ¢ogaltmada,
yaralanmaya tepki olarak ortaya ¢ikan, koklenme ortamindaki ¢iiriimeyi onleyerek celiklerin hayatta kalma
stiresini artiran kallus olusumunun kéklenme ile dogrudan bir iliskisinin oldugu bildirilmemistir (Kaska ve Yilmaz,
1990; Koyuncu ve ark., 2003). Bu sonug, Koyuncu ve ark., (2003) ve Sezgin (2009)’nin bildirdikleri ile uyusmakta
fakat Yildiz ve Koyuncu (2000) ve Koc ve ark., (2016)’nin bildirdikleri ile uyusmamaktadir. Koruyucu bir tabaka
olusturarak celiklerin ¢iiriimesini geciktirmenin yani sira, kallus dokusunun bazi durumlarda su alimina yardimci
oldugu bildirilmistir (Hartman ve Kester, 1974; Koc ve ark., 2016). Ciiriime agisindan baktigimiz zaman en yiiksek
oran %55.6 ile DSK kosulu igerisinde IBA+KA uygulamasinda gériiliirken, DOK kosulu igerisinde kontrol ve KA
uygulamalarinda herhangi bir ¢lirlimeye rastlanilmamaistir. Genel itibariyle kontrol ve KA uygulamalari sonucunda
daha az ¢iiriime olugmustur. DSK kosulunda diisiik ¢iiriime orani, yiiksek koklenmeye sebebiyet vermistir.

2000 ppm IBA uygulamasinin karadut ¢eliklerinin koklenme oranina etkisi, Roussos ve ark., (2020)’nin
bildirdigine gore %85’ lere kadar olurken, Singh (2018) ve Zenginbal ve Demir, (2018)’in yaptig1 caligmalarda bu
oran %70 olarak ifade edilmistir. Kéklenme orani, Yildiz ve Koyuncu (2000)’nun yaptig1 ¢caligmada 5000 ppm
IBA uygulamasi sonucunda %89.3, Karabulut ve Saragoglu, (2022)’nun 6000 ppm IBA uygulamasi sonucunda
ise %83 olarak belirtilmistir. Bizim ¢alismamizda da 6000 ppm IBA uygulamasindan %77.8 kdklenme orani ile
benzer sonug elde edilmistir. Karadutta odun ¢elikleriyle yapilan diger koklenme c¢alismalarinda elde edilen en
yiiksek oranlar su sekildedir: 2000 ppm IBA uygulamasi ile %23.4 (Karadeniz ve Sisman, 2004), 5000 ppm IBA
uygulamast ile %33.3 (Koyuncu ve ark., 2004) ve 6000 ppm IBA uygulamast ile %24 (Yildiz ve ark., 2009). Bu
oranlarin bizim ¢alismamizdan elde edilen oranlardan diisiik oldugu goriilmektedir. Bunun sebebi genotip,
koklenme ortami ve ekolojik farklar yaninda ¢eligin alindig1 dal ve yoney gibi faktorler olabilir.

Kok sayisi, kok uzunlugu ve kok ¢cap

Celik basina kok sayisinda karanligin énemli bir etkisinin oldugu gériilmektedir (Tablo 1). Oyle ki en yiiksek
deger DSK kosulunda IBA uygulamasindan (14.4 adet/celik) elde edilmistir ve bunu DOK kosulu icerisinde IBA
(12.2 adet/celik) ve IBA+KA (13.0 adet/celik) uygulamalar: takip etmistir. Kok sayisi, Roussos ve ark., (2020)’nin
14.8 adet olarak belirttigi degere benzer; Zenginbal ve Demir, (2018)’in 9.64 adet Singh (2018)’nin 8.55 adet,
Yildiz ve ark., (2009)’nin 3.5 adet, Koyuncu ve ark. (2004)’nin 8,0 adet, Koyuncu ve Senel (2003)’in 2.2 adet
olarak bulduklari degerden yiiksektir.

Kok uzunlugu ile ilgili degerlere bakildiginda genel itibariyle standart kosulda daha iyi sonuglarin alindigi
soylenebilir. En yiiksek kok uzunlugu standart kosul igerisinde KA uygulamasindan elde edilmistir (10.8 cm). Elde
ettigimiz kok uzunlugu degerleri, Roussos ve ark., (2020)’nin 8 cm, Zenginbal ve Demir, (2018)’in 8.23 ve Singh
(2018)’in 9.11 cm olarak belirttigi degere benzer; Yildiz ve ark., (2009)’nin 6.66 cm olarak belirttigi degerden
yiiksek ¢ikmustir.

KA uygulamasinin kosullar arasinda kok ¢ap1 bakimindan 6nemli farklar olusturdugu goriilmiistiir. En yiiksek
kok capr standart kosul igerisinde KA uygulamasindan (1.53 mm) elde edilmistir. Buldugumuz bu deger Zenginbal
ve Demir, (2018)’in 2.31 mm ve Yildiz ve ark., (2009)’nin 2.03 mm olarak buldugu degerden diistiktiir.

4. Sonug

Karadut celiklerinin koklenmesi tizerine farkli karanlik kosullar altinda IBA ve KA’ nin etkisinin arastirildig:
bu ¢alismada en yiiksek koklenme oranina DOK kosulu igerisindeki celiklere IBA ve IBA+KA uygulamalar
sonucunda ulagilmistir. Aynmi kosulda ¢iiriime orami da diisiik olmustur. Kafeik asidin IBA ile uygulandiginda
koklenmeye olumlu etkisinin oldugu goriilmiistiir. Calisma sonucunda, IBA’nin yani sira Kafeik asidin de kok
kalitesi lizerine olumlu etkilerinin oldugu tespit edilmistir. Fakat sadece bu sonuglara bakilarak kafeik asit
hakkinda net bir sey sOylemek yanlis olabilir. Kafeik asit gibi fenolik maddelerin hem farkli dozlarinin koklenme
tizerine etkisini hem de yesil, yar1 odun ve odun ¢eliklerine karsi tepkisini belirlemek amaciyla daha fazla
caligmalara ihtiyag vardir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Bahge Traktorleri icin On Koruyucu Mekanizmasi Tasarim ve Imalati

Front Safety Mechanism Design and Manufacturing for Garden Tractors

Mehmet BAYKUT!*, ibrahim YAVUZ?2 Sinasi DUBUS?, Sema ATES*

Oz

Traktorler tarim sektoriinde en yaygin kullanilan makinelerden biridir. Tarim sektoriinde kazalarin biiyiik bir
boliimii traktorlerin devrilmesi ile olusmaktadir. Devrildikten sonra siiriiciiniin hayatta kalabilmesi igin baz1 pasif
giivenlik tedbirlerinin alinmas1 gerekmektedir. Ozellikle kabinsiz traktérlerde ROPS (Roll-Over Protective
Structure) adi verilen bu mekanizma ile devrilme esnasinda siiriiciiniin traktor altinda kalmasi 6nlenebilmektedir.
ROPS’lar farkli tasarimlarda olmakla birlikte yonetmelik geregi belirli standartlarda imalati yapilmasi
gerekmektedir. Yonetmelik geregi temel zorunluluk; 6ne monteli koruyucu yapmin (ROPS) aktif konum ve pasif
konumlari sirasinda operatoriin (siiriiciiniin) bu islemleri gerceklestirirken harcamasi1 gereken kuvvetin belirli
siirlar altinda olmasidir. ROPS tasariminda; U koruma demirinin ROPS sol-sag ayaga irtibatlanmasint saglamak
iizere en az bir mil bulunacak sekilde yapilmigtir. Boylece U koruma demirinin ROPS sol-sag ayaga goére donebilir
sekilde irtibatlanmasi saglanmaktadir. Tasarlanan 6ne monteli yardimei destek sistemi olmayan koruyucu yapinin
tizerine yay mekanizmasi tasarimi ve imalati eklenmistir. Sisteme yerlestirilen yay sayesinde siiriiciiniin bu islem
sirasinda harcayacadi enerjiye destek gorevi gorerek, daha az kuvvet harcamasi saglanmigtir. Boylece bu
mekanizma sayesinde 6n koruyucu yapi, aktif konumdan pasif konuma gegirilirken veya tersi islemlerde
yonetmeliklerdeki siir degerlerin altinda kalacak seviyelerdeki kuvvetlere diistiriilmiistiir. Y6netmelikte 6l¢tiim
degerleri 1. Bolge, 2. Bolge, 3. Bolge i¢in uygulanmasi gereken kuvvetler sirastyla 100 N, 75 N ve 50 N olmast
gerekmektedir. Yay mekanizmasi olmayan tasarimda bu kuvvetler sirasiile 166.77 N, 156.97 N ve 127.53 N olarak
Ol¢lilmiistiir. Elde edilen verilerin yonetmelikteki sinirlarin ¢ok tizerinde oldugu goriilmiistiir. Yay mekanizmali
Olciimlerde ise sirast ile 83.39 N, 68.67 N ve 39.24 N olarak tespit edilmis olup yonetmelik sinirlari altina
diistiriilmiistiir. Sonug olarak ROPS mekanizmalari, yonetmelik gereksinimleri saglanarak kullanicilar i¢in daha
az zaman kayb1 ve kuvvet gereksinimi saglayan bir sistem haline donistiiriilmistiir.

Anahtar Kelimeler: Tarim traktorleri, Yayli koruyucu yapi, On Koruyucu yap, Traktor giivenligi, ROPS tasarimi

*Sorumlu Yazar/Corresponding Author: Mehmet Baykut, Hema Endiistri A.S. Cerkezkdy, Tekirdag, Tiirkiye, mehmetbaykut@hattat.com.tr OrclD: 0000-
0003-0838-0741.

2ibrahim Yavuz, Afyon Kocatepe Univ., Teknoloji Fak., Otomotiv Miihendisligi, Afyon, Tiirkiye, iyavuz@aku.edu.tr OrclD: 0000-0002-4480-2342.
3Sinasi Diibiis, Hema Endiistri A.S. Cerkezkdy, Tekirdag, Tiirkiye, sinasidubus@hattat.com.tr OrclD: 0000-0003-1561-5123.

“Sema Ates, Hema Endiistri A.S. Cerkezkdy, Tekirdag, Tiirkiye, semaates@hattat.com.tr OrclID: 0000-0002-2421-2935.

Atif/Citation: Baykut, M., Yavuz, 1., Diibiis, S., Ates, S. (2023). Bahge Traktorleri igin On Koruyucu Mekanizmasi Tasarim ve imalati. Tekirdag Ziraat Fakiiltesi
Dergisi, 20(2): 278-292.

©Bu ¢alisma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisanst (https:/creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yaymlanmustir. Tekirdag 2023.

278


mailto:mehmetbaykut@hattat.com.tr
https://orcid.org/0000-0003-0838-0741
https://orcid.org/0000-0003-0838-0741
mailto:iyavuz@aku.edu.tr
https://orcid.org/0000-0002-4480-2342
mailto:sinasidubus@hattat.com.tr
https://orcid.org/0000-0003-1561-5123
mailto:semaates@hattat.com.tr
https://orcid.org/0000-0002-2421-2935
https://orcid.org
https://orcid.org
https://orcid.org
https://orcid.org

JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(2)

Abstract

Tractors are one of the most widely used machines in the agricultural sector. Most of the accidents in the
agricultural sector are caused by the overturning of tractors. In order for the driver to survive after a rollover, some
passive safety measures must be taken. Especially in tractors without cab, this mechanism called ROPS (Roll-
Over Protective Structure) prevents the driver from being under the tractor during tipping. Although ROPS are in
different designs, they must be manufactured to certain standards in accordance with the regulation. The basic
obligation as per the regulation; is that the force that the operator (driver) must spend while performing these
operations during the active and passive positions of the front-mounted protective structure (ROPS) is under
certain limits. In ROPS design; It is made in such a way that there is at least one shaft to connect the U protection
bar to the ROPS left-right leg. Thus, it is ensured that the U protection bar is rotatably connected with respect to
the ROPS left-right leg. Spring mechanism design and manufacturing has been added to the protective structure,
which does not have a front-mounted auxiliary support system. Thanks to the spring placed in the system, less
force is consumed by supporting the energy that the driver will spend during this process. Thus, thanks to this
mechanism, the front protective structure has been reduced to levels that will remain below the limit values in the
regulations while being switched from the active position to the passive position or vice versa. In the regulation,
the measured values for the 1st Region, 2nd Region and 3rd Region should be applied to the forces 100 N, 75 N
and 50 N, respectively. In the design without spring mechanism, these forces were measured as 166.77 N, 156.97
N and 127.53 N, respectively. It has been observed that the data obtained is well above the limits in the regulation.
In the spring mechanism measurements, it was determined as 83.39 N, 68.67 N and 39.24 N, respectively, and it
was reduced below the regulation limits. As a result, ROPS mechanisms have been transformed into a system that
provides less time loss and force requirement for users by meeting the regulation requirements.

Keywords: Agricultural tractors, Spring protective structure, Front safety structure, Tractor safety, ROPS design
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1. Giris

Traktor, tarimsal islemenin en 6nemli gii¢ kaynagi ve tarimin lokomotifidir. Tarim sektoriinde islerin
zamaninda tamamlanmasi verim artigt ve iiriin kalitesi agisindan en 6nemli faktérdiir (Reynolds ve Groves, 2000);
(Day ve ark., 2004); (Sanderson ve ark., 2006); (Siimer ve ark.,2008); (Rondelli ve ark., 2018). Tarimsal
faaliyetlerde mekanizasyon iscilik ve zaman tasarrufu saglar. Islerin zamanmda ve diizenli bir sekilde
tamamlanmasinda traktérlere ihtiyag vardir. Thtiyaclarin zamaninda tamamlanmasi igin traktdrlerin kullanim
esnasinda siiriiciilerin giivenliklerinin alinmasi gerekmektedir. Tasitlardaki giivenlik tedbirleri iki kisma ayrilir.
Birincisi tasit kaza yapmadan 6nce devreye giren aktif giivenlik sistemleri, digeri ise kazadan sonraki giivenlik
sistemi olan pasif giivenlik sistemleridir. Traktorlerde giivenlik sistemleri otomobillerden farklidir. Traktor
kazalarinda en ¢ok karsilasilan durum devrilmelerdir. Bu sebeple devrilmelerde siiriiciiniin hayatta kalabilmesi
i¢in koruyucu yapilara ihtiya¢ duyulmaktadir. Siiriiciiniin giivenligini saglayan ve ergonomik ihtiyaglarina gore
diizenlenmis koruyucu yapi, traktor kadar 6nemlidir. 1960’11 yillarda koruyucu yapilarla ilgili caligmalar baglamis
ve zamanla siiriiciiniin giivenligi icin bu mekanizmalarin traktdre monte edilmesi Ulkemizde de zorunlu hale
gelmistir (Akyuz, 2017). Tarim sektoriinde ortaya c¢ikan kazalarin biiyiikk ¢ogunlugunun traktdrlerden
kaynaklandig: bilinmektedir. Traktor kabinleri, siiriiciileri dis etkenlerden korurken saglikli bir sekilde tarimsal
alanlarda caligmalarini saglamak icin tasarlanmistir (Akdemir ve ark., 2016). Fakat kabinli traktorler 6zellikle
bahgelerde agaglara zarar vermelerinden dolay1 her alanda kullanilamamaktadirlar.

Traktorlerin devrilmesi bu kazalarin %50 den fazlasini olusturmaktadir (Marshall ve ark., 1996); (Jawa ve ark.,
2013); (Rondelli ve ark., 2018). Traktor devrilmesi ile sonuglanan kazalarin %36’ lik bir kismi 6lim ile
sonuglanmaktadir (Hard ve ark., 2002). Devrilme sonucu ortaya ¢ikan kazalar sadece 6liim ya da yaralanmalarin
yaninda, makine hasarina ve zaman kaybia da sebep olmaktadir (Silleli, 2006). Oz, 2005 yilinda yapmis oldugu
caligmasinda; kabinli traktér oraninm1 %34, giivenlik ¢emberine (Roll-Over Protective Structure - ROPS) sahip
traktor oranini ise %14 olarak tespit etmistir. Bunlara ek olarak traktorlerinde daha dnce giivenlik ¢emberi bulunan
fakat ¢esitli nedenlerle ¢ikaranlarin oranmi ise %354 olarak tespit etmislerdir. Ciftcilerin yaklasik %80°1
traktorlerindeki ROPS’larin olmasi sebebi ile aga¢ altina giremedikleri i¢in bu kisimlari soktiiklerini ifade
etmislerdir (Oz, 2005).

Emniyet kemeri ile birlikte kullanildig: takdirde 6liim oranin1 azalttig1 bilinmektedir. Yaygin olarak kullanilan
farkli tiplerde koruyucu yap1 bulunmaktadir (Yasartekin, 2019). Bunlar; Kafes yap1 (Sekill-a), kabin (Sekil 1) ve
one veya arkaya monte edilen ROPS (Sekil 1c, Sekil 1d) ad1 verilen koruyucu yapilardir.

Figure 1. Tractor ROPS; (a) four-post frame, (b) cabin, (c) rear two-posts, (d) front-folding two-posts
(Rondelli et al., 2018)

Sekil 1. Traktor ROPS’lari; (a) dort direkli ¢erceve, (b) kabin, (c) arka iki direk, (d) onden katlanabilir
iki direk (Rondelli ve ark., 2018).

Kabin; devrilme veya takla (yuvarlanma) durumunda kullanicinin herhan bir yere ¢arparak hasar gérmesini
engellemektedir (Golbasi, 2002). Ancak tarimsal ¢aligmalar her durumda kabinli traktor kullanimima uygun
degildir. Ornegin; meyve bahgelerinde kabinli bir traktdr agag dallarina zarar verebilmektedir. Kabinsiz traktorler
i¢in glivenlik tedbiri olarak kullanilan ROPS mekanizmasi devrilme sonucunda olusan kaza durumunda 6liimlerin
onlenmesinde en iyi yontemdir. Bu tip sistemler ihtiyaca bagli olarak bir koruma modu (dik konum aktif konum)
ve bir tarla modu (yatay konum, pasif konum) arasinda yer degistirebilmektedir. Bu sayede 6zellikle bahge tipi
tarlalarda is verimliligini arttirirken riskli yerlerde ise koruma moduna (aktif konum) alinarak giivenlik
saglanmaktadir (Sekil 2).
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Figure 2. Living area for the driver after the rollover (Silleli, 2006)
Sekil 2. Devrilme sonucunda siiriicii icin yagsam alam (Silleli, 2006)

Traktorler icin hem iilkemizde hem de tiim diinyada yasal diizenlemeler ve yonetmelikler bulunmaktadir.
Yonetmeliklerdeki testleri ve sartlar1 saglanmadan VE tip onay belgesi alinmadan traktorler tescil edilememektedir.
Ulkemizde kullanilan gegerli traktdr yonetmeligi 2003/37/AT’ dir (BSTB, 2008); (BSTB 2013); (BSTB, 2014).
Bu yonetmelik 01.07.2021 tarihinde AB/167/2013 olarak degistirilmistir (BSTB, 2013). ilgili yonetmelikte
Koruyucu yapilarin kaldirilmasi ve indirilmesi sirasinda harcanan kuvvet maksimum deger olarak
siirlandirilmistir. ' Yonetmelikte devrilme Onleyici sistemin agagi yukart hareketini kolaylastirilmasi (daha az
kuvvet harcayarak asagi yukari hareketinin saglanmasi) istenilmektedir. Bu ¢aligmanin amaci yonetmelikler
geregi daha az kuvvet ile hareket ettirilebilen 6ne monte edilen koruyucu yapilarm kaldirma ve indirme
mekanizmasi gelistirilmesidir.

2. ROPS ile flgili Yonetmelik (AB/167/2013- AB/1322/2014)

Bu yonetmelik traktoriin devrilmesi durumunda siiriiciiye emniyet saglamak {izere, traktor {izerine sabitlenen
ROPS sol-sag ayaklart ile koruyucu yapi demiri irtibatlanarak devrilmeye karsi koruma saglayan bir birinci konum
(aktif konum) ve bahge islemesine (pasif konum) imkan saglayan ikinci konum arasinda hareketlendirilebilen
devrilme koruma tertibati hakkindadir. Bahge igerisinde agac aralarma girilirken zarar vermemek icin kapali
konuma getirilmektedir. Araziden ¢ikildiktan sonra tekrar aktif (yukar: konumlu) hale getirilmesi gerekmektedir
(Sekil 3).

Figure 3. Examples of ROPS in Open and closed positions (Anonim 2022)

Sekil 3. Actk ve kapali konumdaki ROPS érnekleri (Anonim 2022)

Bu ¢alismanin 6nceki tasarimlarda bu mekanizmay1 hareket ettirmek i¢in sadece insan giiciinden faydalanilan
ROPS larin daha az kuvvet ile hareket ettirilmesini amaglamaktadir. Fakat gliniimiizde gegerli olan yonetmelik
giincellenmis olup burada kullanilan kuvvetin azaltilmasia ydnelik bazi yaptirnmlar eklenmistir. ROPS larin,
AB/167/2013- AB/1322/2014 yonetmelikleri kapsaminda aktif halden pasif hale veya pasif halde aktif hale
getirirken ki kuvvet gereksinimlerini saglanmasi gerekmektedir (Sevéik, 2019).

AB 167/2013 yonetmeligi kapsaminda traktor tizerinde bulunan koruyucu yapinin (ROPS) siiriicii tarafindan
kolayca indirip kaldirabilir hale getirilmesi istenmektedir. Tasarim konusu devrilme koruma sistemi traktor
iizerinde U sekilli demire sahiptir. Bu U koruma demiri devrilerek yatay konuma getirilebilmektedir. Bu iglem
yapilirken bir soniimleme elemani kullanilabilmektedir. Tasarimda herhangi bir problem yaganmamasi i¢in ROPS
yonetmeligi ile ilgili gerekli sartlar ile ilgili bilgiler ayrintili olarak agiklanmistir.
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2.1. ROPS Yonetmeligi ve calisma sartlari

ROPS’lar kilitleme sistemi, kavrama alani, kavrama alaninin erigilebilir pargasi, sikistirma noktasi, kesme
noktas1 kisimlarindan meydana gelir.

Kilitleme sistemi; algaltilmis veya yiikseltilmis konumlara ROPS’lar1 elle veya otomatik olarak kilitlemek i¢in
takilan bir cihazdir.

Kavrama alani; operatore kaldirma/algaltma operasyonlarini yiiriitmesi igin izin verildiginde, ROPS’a takilan
ek bir kol ve/veya ROPS’un bir kism1 olarak imalatci tarafindan tanimlanir.

Kavrama alaminin  erisilebilir parcasi; ROPS’un kaldirma/algaltma operasyonlar1 esnasinda operator
tarafindan kullanilan alani ifade eder. Bu alan, kavrama alaninin genislik kesitlerinin geometrik merkezine gore
tanimlar.

Stkistirma noktasi; kisilerin veya viicutlarinin bazi kisimlarinin sikigmasina neden olabilecek sekilde pargalarin
birbirine veya sabit pargalara gore hareket ettigi giivensiz noktadir.

Kesme noktast; kisilerin veya viicutlarinin bazi kisimlarinin sikigmasina veya kesilmesine neden olabilecek
sekilde parcalarin birlikte veya diger parcalarla birlikte hareket ettigi giivensiz bolgedir (BSTB, 2012); (BSTB,
2014); (OECD-Code 4, 2021); (OECD—Code 7, 2021).

2.2 Elle ¢alisan katlanabilir ROPS ve test éncesi kosullar

Elle kullanma, koruyucu ¢ubugun kavrama alaninda bir veya daha fazla kavramayla ayaktaki operator
tarafindan kullanilir. Bu alan, operatériin yaralanmasina neden olmasi olasi keskin kenar, keskin agilar ve kaba
yiizeyler olmaksizin tasarlanmak zorundadir. Kavrama alani, agik¢a ve kalici olarak saptanmalidir (Sekil 4).

N
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Figure 4. Grip area
Sekil 4. Kavrama alant

Kavrama alaninda, koruyucu ¢ubuk veya ek kollarin yapisal bir pargasi olabilir ve bu traktoriin bir veya her iki
tarafinda bulunabilir. Koruyucu ¢ubugu yiikseltecek veya algaltacak elle kullanma, operatdre kesme, sikigtirma
veya kontrol edilemez hareket alanlar1 olusturmamalidir.

Farkli miktarlarda izin verilebilir kuvvetli {i¢ erisilebilir bolge, operatoriin yer degistirmesini veya konumunu
sinirlayan traktdriin dis kisimlarina teget dik diizlemler ve zeminin yatay diizlemine gore tanimlanir. Seki/ 3> de
bu erisilebilir bolge gdsterilmektedir.
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Figure 5. Accessible area
Sekil 5. Erisilebilir bolgeler

Sekil 5°te gosterilen “I bolge” konfor bolgesi, “II bolge” viicudu 6ne egmeksizin erigilebilir bolge, “III bolge”
ise viicudu one egmeyle erigilebilir bolge olarak siniflandirilmistir. Operatoriin konumu ve hareketi, engellerle
siirlanir. Bunlar traktdr pargalaridir ve engelin dis kenarlarina teget dik diizlemlerle tanimlanir. Operator,
koruyucu ¢ubugu elle kullanma esnasinda ayagini hareket ettirmeye gerek duyulursa, bir engelin iistesinden
gelmek icin koruyucu ¢ubugun yoriingesine paralel bir diizlem i¢inde veya yalnizca 6nceki diizleme paralel diger
diizlem i¢inde yer degistirmeye izin verilir. Genel yer degistirme, koruyucu gubuk yoriingesine dik ve paralel
hatlarin siki bir kombinasyonu olarak kabul edilir. Bir dik yer degistirme, operatdriin koruyucu gubuga yaklasmasi
kosuluyla kabul edilir. Erisilebilir alan, farkli erisilebilir bolgelerin dig ¢evresi olarak kabul edilir.

Testin amaci, koruyucu ¢ubugu kaldirmak veya algaltmak igin gerekli kuvveti 6l¢mektir. Test, statik durumda
yapilir: koruyucu ¢ubugunun ilk (baslangi¢) hareketi yoktur. Koruyucu ¢ubugunu kaldirmak veya algaltmak i¢in
gerekli kuvvetin her bir 6l¢limii, kavrama alaninin genislik kesitlerinin geometrik merkezinden gegen ve koruyucu
cubuk yoriingesine dogrudan teget olarak yapilir. Farkli erisilebilir bolgelerin teget egrisi veya erisilebilir bolge
icinde yerlestiginde kavrama alaninin, erisilebilir oldugu diistiniiliir (Seki/ 6) (BSTB, 2012); (BSTB, 2014);
(OECD-Code 4, 2021); (OECD—Code 7, 2021).

kavrama aluninin

~
erigilebilir kism
ernisilebilir bolge

7 7 X777 7777777777777 77 7. ey
Figure 6. Accessible part of the grip area

Sekil 6. Kavrama alanimin erigilebilir kismi
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2.3 Elle kilitleme sistemi

Ust/alt konumuna ROPS’u kilitlemek i¢in kullanilan cihazlar pimler ise, serbest sekilde takilir veya ¢ikarilabilir
olmalidir. Bunu yapmak igin, koruyucu ¢ubuk {izerine bir kuvvet uygulamaya gerek varsa, kriterlere uygun
tasarlanmas1 gerekir. Diger tiim kilitleme cihazlar1 igin, 6zellikle sikistirma veya kesme tehlikelerini onleyen
kuvvet ve sekli ilgilendiren ergonomik bir yaklagima gore igslenmesi gerekir (BSTB, 2012); (BSTB, 2014).

2.4 Otomatik kilitleme sistemi

Elle kullanilan katlanabilir ROPS’la takilan bir otomatik kilitleme sistemi, ROPS un dayanim testi yapilmadan
once On teste tabi tutulur. Koruyucu ¢ubuk, iist konumdan dik kilitli konum ve arkaya getirilir. Bu islem 500 kez
tekrarlanarak on test tamamlanir. Dongii islemi herhangi bir mekanizma ile (hidrolik, basincl veya elektrikli tahrik
ediciler) veya manuel olarak yapilabilir. Her iki durumda da, kuvvet, kavrama alani boyunca gecen ve koruyucu
cubugun yoriingesine paralel bir diizlem ig¢inde uygulanir ve koruyucu ¢ubugun agisal hizi, 20 derece/saniyeden
az ve kabaca sabittir. 500 déngiiden sonra, koruyucu gubuk, iist konumda oldugunda uygulanan kuvvet, izin verilen
kuvvetlerin %50’den fazlasim1 gegemez. Koruyucu ¢ubugun kilidinin agilmasi, kullanim kilavuzunu izleyerek
yapilir. 500 dongiiniin tamamlanmasindan sonra, kilitleme sistemi iizerinde hi¢bir bakim veya ayar yapilmamasi
gerekir. Yonetmeli geregi ilk test otomatik olarak katlanabilir ROPS sistemlerine de uygulanabilir ve imalatgi
tarafindan yapilabilir. Bu tiir bir durumda, imalatgi, testin, test prosediiriine gore yapilmis oldugunu ve 500
dongliniin tamamlanmasi sonrasinda kilitleme sisteminde hicbir bakim veya ayar olmadigini belirten bir sertifikay1
teknik servise saglar. Teknik servis alt konumdan iist kilitli konum ve geriye bir dongiiyle cihazin performansini
kontrol etmesi gerekmektedir (BSTB, 2014); (OECD-Code 7, 2021).

3. Materyal ve Metot

Tasarimin kapsami, 6n koruma demiri yay mekanizmasi ile katlanma ozelligini iyilestirmektir. Mevcut
sistemde mekanizmada herhangi bir yardimci kuvvet bulunmayip tiim agirlik siirliciniin kol kuvveti ile
yapilmaktadir. Yeni yonetmelik geregi harcanan bu kuvvet belirli sinirlar altinda olmasi gerekmektedir. Bu sebeple
6n koruyucu mekanizmaya bir torsiyon yay eklenerek bu kuvvetin azaltilmasi diistiniilmiistiir. ROPS tasarima
gegmeden ihtiyaci karsilayabilecek yay hesabi yapilmistir. Yapilan hesaplamalara uygun olarak yay mekanizmasi
ROPS tasarimina eklenmis ve imalati gegeklestirilmistir.

3.1 Torsiyon Yay Tasarimi

Torsiyon yaylar (kurma yay), alasimlhi metallerden, dikdortgen veya yuvarlak malzemeden helisel olarak
sarilmig ve yay uglarina sekil verilerek kollar olusturulmustur. Bu yaylar genellikle mekanizmalarda miller i¢in
hareket verici olarak kullanilmaktadirlar. Agisal yonde depolanan enerjiyi depolamaktadirlar. Bu sebeple
calismada bu tiir yay kullanilmasinin uygun olacagi kanisina varilmigtir. Torsiyon yaylarda, malzeme elastik
bolgede kalmak sartiyla, yaya eksenden belirli bir “R” mesafesinde, tegetsel olarak etkileyen bir “F” kuvvetinin
olusturdugu “M” moment etkisiyle yay sikistirtldiktan sonra depolanan enerji ihtiyag oldugunda geri aliabilir.

Torsiyon Yay (Kurma Yay) hesaplamalarinda kullanilan kisaltmalar ve simgeler:

d: Yay telinin ¢apin1 (mm),

Di: Yay i¢ ¢apin1 (mm),

D,, = D; + d Yayin ortalama capini (mm),

D,, = D; + (2 x d) Yay dis ¢capint (mm),

w= DT’”: Yay indeksi

M; “Birinci momenti ifade eder (Nmm)”. Birinci moment tesir mesafesinin eksene uzakligi R (mm) ile tegetsel
birinci kuvvet F1 (N)’nin ¢arpimina esittir.

M: ikinci momenti ifade eder (Nmm). ikinci moment ise benzer sekilde tesir mesafesinin eksene uzaklig1 R
(mm) ile tegetsel ikinci kuvvet F2> (N)’nin ¢arpimi ile bulunur.

A1: Moment altinda (M3) sikisan yayin ug kisimlar1 (Yay bacaklari) agisal strok (derece),

a2: Moment altinda (M>) sikisan yayin ug kisimlari (Yay bacaklari) agisal strok (derece),
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on: Moment farkindan (M2—M3) olusan agisal strok farki (derece),

do: Yay yiiksiiz iken yayimn ug¢ kisimlari (Yay bacaklari) arasindaki agiy1,

d1: Moment altinda (M3) sikisan yaymn ug kisimlari (Yay bacaklari) arasindaki agiy1 (derece),
82: Momenti (M) altinda yayn ug kisimlar1 (Yay bacaklari) arasindaki agiy1 (derece),

Yay1 etkileyen moment sebebi ile yayin kesitinde olusan (gy.) i¢ gerilme:

_ 32xM
U@ =

(Nmm™1) [Es.1)

wxd

Moment farkindan dolay1 (an) strok farki olan yay rijitligi hesab1 (Rende, 2017):

c=MYa—Mz (Nmm ) (Es.2)

ap derece

3.2 Torsiyon Yay Moment — A¢isal Strok Diyagrami

Her iki yay ucu radyal biikiilmiis Torsiyon Yaylarinin ¢ biikiim radiis r > d olmasi gerekir. Yay indeksi sebebi
ile Diizeltme Katsayis1 “kw”

w+0,07
kw = w——o75 (E$3)

Ug kisimlari radyal biikiilmiis olan yaylar igin (r/d) orani sebebi ile Diizeltme Katsayis1 “krd”

2xZ+1,0
krd = 2 (Es4)

2 XE+0'2 5

Maksimum I¢ Gerilmenin (cmax) hesabi igin, yayin calisma sekline gére se¢im yapilir.
a) Statik Calisma: Yay 10000 ¢evrimden fazla ¢alismayacaksa veya calisma kuvveti “F” sabit ise Gerilme

Diizeltme Faktorii “1” (k=1) alinir.

b) Dinamik Calisma: Yay ¢alisma sartlari zor ise 10000000 ¢evrim 6mrii alinir. Bu durumda Gerilme Diizeltme
Faktorii (k) i¢in hesaplanan “kw” veya “krd” sonuglarindan biiyiik olan alinir.

Calisma yerine ve durumuna goére se¢im yapildiktan sonra Mmax = Mz momenti altinda yay da olusan
maksimum I¢ Gerilme (6max) hesaplanir.

Omax =K X 0 (Nmm?) (Es.5)

32XkXM;
Max (mxd)3

(N mm?) (Es.6)

Standart yay iiretiminde kullamlan tel malzemelerinin gekme mukavemetleri (Rm=N/mm?) caplarma gore
tablolarda verilmektedir. Fakat yaylar, elastik deformasyon bolgesinde ¢calismak zorundadirlar. Bu nedenle secilen
yay malzemesi ¢aligma esnasinda daima Akma Dayaniminin (Gakma) altinda kalmak zorundadir.

Pratik olarak: o 5mq = 0,70 X R,,, aliabilir. Sonrasinda; “omax < cakma” 0lacak sekilde tel ¢cap1 ve malzemesi
segilir.

Son olarak:

d = (32><k><M2 1/3 (E$.7)

PX0gkma
saglanmasi gerekmektedir (Rende, 2017).
3.3 ROPS Kuvvet élciim standartlart

Koruyucu ¢ubugunu kaldirmak veya algaltmak icin gerekli kuvvet, kavrama alaninin erisilebilir kismi i¢inde
olan Sekil 7°de verilen noktalarda olgiiliir.
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Figure 7. Points where force requirement will be measured
Sekil 7. Kuvvet gereksiniminin élgiilecegi noktalar

Birinci 6l¢iim, koruyucu ¢ubuk tam olarak indirildiginde kavrama alaninin erisilebilir kisminin ucunda yapilir
(A noktast). Ikincisi, kavrama alanmin erisilebilir kisminim {istiine kadar koruyucu cubugunun dondiiriilmesi
sonrasinda A noktasina gore tanimlanir (A’ noktasi). ikinci 6l¢iimde, koruyucu ¢ubuk tam olarak kaldirilmazsa,
bir ek nokta, koruyucu ¢ubuk tam kaldirildiginda kavrama alaninin erisilebilir kisminin ucunda 6l¢iiliir (Nokta B).
Ik iki 6l¢iim arasinda, birinci noktanin ydriingesi, Bolge 1 ve Bélge II arasindaki smirdan gegerse, kesisme
noktasinda bir dl¢iim yapilir (A”’ noktasi). Gerekli noktalardaki kuvveti dlgmek igin, kuvveti 6lgmek iizere ya
koruyucu ¢ubugu indirmek veya kaldirmak i¢in gerekli torku 6lgmek veya dogrudan degeri 6l¢gmek miimkiindiir
(BSTB, 2012); (BSTB, 2014).

4. Arastirma Sonuclari

Bulgular kismi {i¢ asamada incelenmistir. Birinci kistm mevcut ROPS igin ihtiya¢ olan yardimci kuvvetin
belirlenmesi ve buna uygun yay hesaplamalari, ikinci kisim elde edilen yay verilerine gére yeni ROPS tasarim
asamalarini, ii¢lincii kisim ise imalatt yapilmis yeni mekanizmanin dlglimleri ve yonetmelik ile kiyaslamalarin
kapsamaktadir.

4.1.Yay hesaplamalart

Yay mekanizmasinda kullanilacak olan yay olarak torsiyon yay tipi (temperlenmis yaylik gelik tel) kullanilmig
ve torsiyon yay hesaplamalar1 dogrultusunda Tablo 1’deki veriler elde edilmistir.

Tablo 1. Torsiyon yay tasarimui ile elde edilen veriler

Table 1. Data obtained with torsion spring design

Mevcut Yaysiz iki Koldaki 7.5 kel . . Tek . 7.5 kg gereksinimini
ROPS Kola Gelen Yol (mm)  Moment Lemgiltmabeitiln ol saglama igin ihtiya
gerekli moment Moment g § ya¢
Kuvvet (N) (Nmm) (Nmm) (N.mm) olan yay ¢ap1 (mm)
130 1411 183430 105825 38802.5 7.22

Tablo 1°deki veriler kullanilarak tasarima yay kontrolleri yapilmis olup ortaya ¢ikan yay kullanilarak
iyilestirme saglanmistir. Boylelikle kola gelen yaklasik 170N kuvvet, 7mm ¢apindaki yay yardimiyla 80N civarina
diigiirillmiistiir (Seki/ &8). Elde edilen bulgular Tablo 2 de verilmistir.

Tablo 2. Yay kontrol verileri

Table 2. Spring control data

Max  Tablodaki Emniyetli
Gerilme  Gerilme  Gerilme
(N/mm?)  (N/mm?)  (N/mm?)

7 28 8 602.57 80 4820597 1432.28 1760 1408

Cap Ortalama Sarmm Esneklik . Moment
mm Capmm sayist Kkatsayisi ¢ (N.mm)
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Buna gore yeniligi, U koruma demirinin, birinci konumdan (aktif konum) bahsedilen ikinci konuma (pasif
konum) gegirilirken en azindan kismen yavaslatilabilmesine imkan vermek {izere; bir ucundan ROPS sol-sag
ayaklara, diger ucundan U koruma demirine iligkilendirilebilen kurma yay igermesi ve bahsedilen kurma yayin U
koruma demirinin dondiiriilmesiyle olusan kinetik enerjiyi soniimleyecek sekilde konfigiire edilmis olmasidir.
Boylece U koruma demirinin ROPS sol-sag ayaklara gdore dondiiriilirken kullanici {izerine agir yiik binmesi
engellenerek ergonomik bir kullanim saglanmis olmaktadir.

Figure 8. Springless ROPS mechanism force measurements

Sekil 8. Yaysiz ROPS mekanizmast kuvvet olciimleri

Sekil 8de siras1 ile bolgelerden kuvvet Glglimleri “kg” cinsinden Olgliliip yer ¢ekimi ivmesi ile ¢arpilarak
yonetmelikteki birime (N) ¢evrilmistir. Olgiimler en az ii¢ kez tekrarlanarak alinmis ve ortalama degerleri
hesaplanmustir. Olgiimler yonetmelikte belirtilen bolgelerden sirasi ile almmustir. Olgiim degerleri 1. Bolge, 2.

Bolge, 3. Bolge olarak sirasi ile 17 kg (166.77 N), 16kg (156.97 N) ve 13 kg (127.53 N) olarak 6l¢iilmiistiir. Elde
edilen veriler yonetmelikteki sinirlarin ¢ok iizerinde oldugu goriilmiistiir.

4.1 ROPS Mekanizmast Tasarim Asamalart

Sekil 9’da tasarim bir devrilme koruma tertibati ile ilgilidir. Buna gore bahsedilen devrilme koruma tertibati
(1) 6zellikle tarim traktorlerinde kullanilmaktadir. Bahsedilen devrilme koruma tertibati traktoriin herhangi bir
sebeple yan yatmasi veya devrilmesi durumunda siiriiciiniin korunmasimi saglayacak sekilde konfigiire
edilmektedir. Bunun yani sira devrilme koruma tertibatinin devrilme koruma 6zelligi ihtiyaca gore pasif hale de
getirilebilmektedir. Bunlar1 saglamak iizere devrilme koruma tertibatt U koruma demirine (10) ve ROPS sol-sag
ayaga (20) sahiptir. Bahsedilen ROPS sol-sag ayak (20) esasen devrilme koruma tertibatinin traktdr {izerinde sabit
bir sekilde irtibatlandig1 kismidir. U koruma demiri (10) ise ROPS sol-sag ayak (20) lizerinde en azindan kismen
donme serbestligine sahip olabilecek sekilde irtibatlanan kisimdir. U koruma demiri (10) esasen “U” sekilli bir
profil (11) olup traktorde siiriiciiye yakin gelecek sekilde konumlanabilmektedir. U koruma demirinin (10) ROPS
sol-sag ayaga (20) gore donme serbestligine sahip olmasi ile devrilme koruma tertibati (1) bir birinci konum (I) ve
bir ikinci konum (II) arasinda yer degistirebilmektedir (Biilbiil, 2006); (Yahsi, 2019).

Ikinci konum ise (IT) devrilme koruma tertibatinin devrilme veya yan yatma durumlarina karsi koruma
0zelliginin pasif hale getirilmis oldugu konumdur. Bu konumdayken U koruma demiri (10) esasen ROPS sol-sag
ayak (20) etrafinda déndiiriilerek yaklasik olarak yere paralel bir konuma getirilmektedir. Ikinci konum (IT) birinci
konuma (I) gore traktoriin daha emniyetsiz oldugu konumdur. Fakat bu konum 6zellikle bahgelerde traktoriin
agaclar altina rahatca girebilmesi ve aga¢ dallarinin birinci parga (10) tarafindan zarar gérmesinin engellenmesi
amaciyla tercih edilebilmektedir.
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Figure 9. Active and passive position perspective view of the rollover protection device

Sekil 9. Devrilme koruma tertibatinin aktif ve pasif konum perspektif goriiniimii

Devrilme koruma tertibatinda U koruma demirinin (10) ROPS sol-sag ayak (20) iizerinde birinci konumdan (I)
ikinci konuma (IT) gegirilmesi sirasinda kullanici {izerine binen yiikiin azaltilmasi istenmektedir. Bu durum bir
taraftan kullanicinin konforunu iyilestirirken hem de yonetmelikler geregi bir sart haline gelmistir.

ROPS sol-sag ayagin (20) U koruma demiri (10) ile birlesim yerinde en az bir eklem elemanm (21)
bulunmaktadir. Bahsedilen eklem elemani (21) tercihen ROPS sol-sag ayak (20) iizerinde saglanmis bir birlestirme
elemani olup sekli ve iizerinde bulunan delikleri sayesinde U koruma demirinin (10) hareketine imkéan vermektedir.

Sekil 10’ da tasarim konusu devrilme koruma tertibatinda bulunan eklem elemaninin perspektif goriintimii
verilmistir. Birinci yaslanma duvari (22) ve ikinci yaslanma duvarinin (23) yanlarindan aralarinda bosluk olacak
sekilde birer yanak (26) kismi1 bulunmaktadir. Bahsedilen yanak (26) kisimlar1 arasinda U koruma demirinin (10)
profili (11) konumlanabilmektedir. Profilin (11) konumlanabilmesine imkan vermek {izere yanak (26) arasinda
uzanan bir mil (30) bulunmaktadir. Bahsedilen mil (30) vasitasiyla profil (11) birinci yaslanma duvari (22) ve
ikinci yaslanma duvari (23) arasinda hareket ettirilebilmektedir. Yanaklar (26) arasinda bir ikinci mil (31) ve bir
ticiincli mil (32) de bulunmaktadir. Bahsedilen ikinci mil (31), U koruma demirini (10) birinci konumda (1), tiglinci
mil (32) ise U koruma demirini (10) ikinci konumda (1) tutabilmektedir.

Ayrica yanaklar (26) arasinda dordiincii mil (33) uzanmaktadir. Dérdiincii mil (33) etrafinda en az bir kurma
yay (40) konumlanmaktadir. Kurma yay (40) diger bir ad1 ile torsiyon yay tercihen helisel olarak sarilmis ve
uclarinda sekil verilmis birinci ug (41) ve ikinci ug (42) bulunan yay ¢esididir. Kurma yay (40); bahsedilen birinci
uc (41) ve bahsedilen ikinci ucun (42) birbirine gore dondiiriilmesi ile kinetik enerjiyi potansiyel enerji olarak
depolamaktadir.

Tiim bu yapilanma ile beraber; traktorlerde kullanilan bir devrilme koruma tertibatinin (birinci konumdan (I)
bir ikinci konuma (II) gegirilirken pratik ve emniyetli bir hareket mekanizmasinin elde edilmesi saglanmaktadir.
Bunun yani sira birinci parganin (10) ikinci konuma (II) gegirilirken ki hareketi en azindan kismen séntimlenerek
kullanier i¢in ergonomik ve emniyetli bir yap1 elde edilmis olmaktadir. Bunun yani sira 6nceden belirlenen
yonetmelik kurallarina uygun bir yapmin teknikte bilinen bir kurma yayin (40) kullanilmasi ile ¢oziilmiis
olmaktadir.

Tasarlanip imalati yapilan mekanizmanin kati model ve imalat sonundaki traktor iizerindeki goriintisleri Seki/
11°de verilmistir.
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1 Devrilme Koruma | 30 Birinci Mil
Tertibati

10 Birinci Parga 21 Ikinci Mil

11 Profil 32 Ugiincii Mil

12 Dayanak 33 Dérdiincii Mil

20 | ikinci Parca 34 Pim

21 Eklem Elemani 40 Kurma Yay

22 Birinci Yaslanma | 41 Birinci Ug
Duvari

23 | Ikinci Yaslanma | 42 Ikinci Ug
Duvan

24 | Birinci Agiklik (0] Birinci Konum

25 | Ikinci Agiklik @Iy | ikinci Konum

26 | Yanak

Figure 10. Perspective view of the joint element in the rollover protection device

Sekil 10. Devrilme koruma tertibatinda bulunan eklem elemaninin perspektif goriiniimii

Figure 11. Images of the spring protective structure on the solid model (a) and the tractor (b)

Sekil 11. Yayli koruyucu yapinin katt model (2) ve traktor iizerindeki goriintiileri (b)

4.3 Tasarim ve Imalat Sonundaki Olgiimler

Sekil 12°de yay mekanizmal1 6l¢iim dnceki 6l¢iim ile ayn1 siralamada ve ayn1 bolgelerden yapilmustir. Olgiim
degerleri 1. Bolge, 2. Bolge, 3. Bolge olarak sirasi ile 8 kg (83.39 N), 7 kg (68.67 N) ve 4 kg (39.24 N) olarak
Olgtilmistiir. Elde edilen verilerin yonetmelikteki sinirlarin altinda kaldigi gorillmiistiir.
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Figure 12. Spring ROPS mechanism force measurements

Sekil 12. Yayli ROPS mekanizmast kuvvet olciimleri

ROPS’un ¢aligtirilmasi i¢in kabul edilebilir kuvvet, Tablo 3’de goriildiigii gibi erisilebilir bolgeye baghdir. Bu
kabul edilebilir kuvvetlerin %25’inden daha fazla olmayan bir artisa, koruyucu gubuk tam indirildiginde ve tam
kaldirildiginda izin verilir. Bu dogrultuda yapilan tasarim sonucunda elde edilen verilerin yonetmelik sinirlart
i¢cinde kaldig1 gorilmistiir.

Tablo 3. Izin verilen kuvvetler ve deney sonucundaki verilerin kiyaslanmast

Table 3. Comparison of allowable forces and test results

Bolge Bolge 1 Bolge 11 Bolge 111
Kabul edilebilir kuvvet (N) 100 75 50
Yaysiz On ROPS (N) 166.77 156.97 127.53
Yayl On ROPS (N) 83.39 68.67 39.24

Bahsedilen eklem elemani iizerinde U koruma demirinin birinci konumda (pasif konum) dayandirildigi
yaslanma duvar1 ve ikinci konumda (aktif konum) dayandirildig1 yaslanma duvarina sahip olmasidir. Bdylece U
koruma demirinin eklem elemani iizerine irtibatlanabilmesi ve donerken hareketinin sinirlandirilabilmesi igin
mekanik sartlar uygun hale getirilmektedir.

Tasarimin bir diger 6zelligi, kurma yayn birinci ucu U koruma demiri lizerine sabitlenirken, ikinci ucu ROPS
sol-sag ayaklar tizerindeki pargaya temas edebilir olmasidir. Boylece yayin bir ucundan U koruma demirine
yaslandirilirken diger ucundan da tarafindan ROPS sol-sag ayaklarindaki parga ile sikistirilabilmektedir.

Yapilan tasarim ile birinci par¢a iizerinde kurma yaym temas edebildigi en az bir dayanak bulunmasidir.
Boylece kurma yayin birinci parga tarafindan sikistirilabilmesi saglanmaktadir.

5. Sonuclar

Bu calisma ile mevcut sistem iizerine iyilestirme ve bir tasarim yapilarak yonetmelik gereksinimlerinin saglanmasi,
konfor ve ergonomi kazandirmasi amaglanmaktadir. Bu amagla 6ne monteli koruyucu yapili traktorler i¢in kullanicilar
en az kuvvet gereksinimleri ve yonetmelik sartlar1 saglanmasi ile bahge islerinde koruyucu yapiy1 aktif ve pasif duruma
getirebileceklerdir. Gelistirilen ve tasarim olarak ortaya ¢ikan bu tasarimin uygulanmasi ile daha giivenlikli bir sistem
elde edilmistir. En 6nemlisi ise giivenlik ve yonetmelik gereksinimleri saglanarak kullanicilarin 6liimciil kazalardan
korunmas1 saglanacaktir.

ROPS tasariminda; U koruma demirinin ROPS sol-sag ayaga irtibatlanmasini saglamak iizere en az bir mil
bulunacak sekilde yapilmistir. Béylece U koruma demirinin ROPS sol-sag ayaga gore donebilir sekilde irtibatlanmasi
saglanmaktadir.
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Yayin ROPS sol-sag ayakta sabitlenen ucu, U koruma demirine sabitlenen ucunun esneyebilmesine imkan verecek
sekilde boyutlandirilmistir. Béylece kurma yaym U koruma demiri tarafindan sikistirilabilmesi saglanmaktadir.

Bahge traktorleri i¢in yapilan tasarim ile devrilme esnasinda siiriicliyli koruyacak yapi daha kullanigh hale
getirilmigtir. Bu gelismenin koruyucu yapmin aktif olarak kullanmmimi tesvik edecegi ve boylece meydana gelecek
traktor kazalarmda 6liim oraninin daha asagi ¢ekilebilecegi diisiiniilmektedir.

ROPS Olgiim degerleri yonetmelik kapsaminda kaldirma kuvveti olarak 1. Bolge, 2. Bolge, 3. Bolge 100 N, 75 N
ve 50 N olmasi gerekmektedir. Yay mekanizmasi olmayan tasarimda sirasi ile 166.77 N, 156.97 N ve 127.53 N olarak
Ol¢lilmiistiir. Elde edilen veriler yonetmelikteki sinirlarin ¢ok iizerinde oldugu gortilmiistiir. Yay mekanizmali
Olgiimlerde ise sirast ile 83.39 N, 68.67 N ve 39.24 N olarak tespit edilmis olup yonetmelik sinirlari igerisine
distirilmistiir.

Giivenlik tedbirlerinin (ROPS) kaldirmasinin zor olmasi sebebi ile siiriiciiler tarafindan ¢ikarildig: literatiir
caligmalarinda goriilmiistiir. Yapilan bu tasarim ile daha az bir kuvvet ile mekanizma c¢alistirilabildigi i¢in bu
durumunda azaltilabilecegi diigiiniilmektedir.

Tesekkiir

Bu ¢aligma Hattat Traktor ve Hema Endiistri’nin destekleri kapsaminda gergeklesmistir. 2020/19846 sayil1 Patent
Basvurusu icerisinden bilgiler kullanilmigtir. Caligmanin gergeklestirilmesinde verilen tiim destekler i¢in tesekkiir ederiz.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Frost Tolerances of Turkish Olive (Olea europaea L.) Cultivars

Tiirkiye Zeytin Cesitlerinin Dona Toleranslar1

Nurengin METE™*, Hatice GULENZ, Oznur CETIN?3, Mehmet HAKAN*, Ugur GULOGLUS?,
Hulya KAYA?®, Nurcan ULUCAY?

Abstract

The motherland of the olive is considered as east of the Mediterranean Basin. Turkey is partly located within this
basin having a rich source of biodiversity. Olive growing in Turkey is carried out in the Aegean, Marmara,
Mediterranean, Southeastern Anatolia and Black Sea Regions. Climatic factors determine the cultivation limits of
olive which is not very selective in terms of soil demand. In regions where olives are grown, the Mediterranean
climate prevails. Winters are warm and rainy in the region, while summers are hot and dry. On the other hand,
severe cold damage in some years can cause significant damage especially in the inner parts of Aegean, Marmara
and Black Sea Regions. As a matter of fact, it is known that 31.8% of olive plantations in Turkey are exposed to
occasional frost damage. This situation has revealed the necessity of determining the varieties with high frost
tolerance and determining the suitable varieties for the regions where cold damage may occur. In the study, 40
registered olive cultivars in “Kemalpasa Olive Germplasm Bank" in Bornova Olive Research Institute, in Izmir
were screened in terms of frost tolerance. To evaluate the frost tolerance (LTso) of cultivars, as estimated by ion
leakage (electrical conductivity), leaf samples taken in six different periods over two years were exposed to
temperatures at +4 °C (control), -2 °C, -5°C, -8 °C, -11°C, -14 °C, -17 °C and -20 °C. In conclusion; it has been
determined that frost tolerance of olive varieties revealed significant variability both genetically and seasonally.
Butko, Memeli, Otur, Gemlik, Sinop No 5, Yiin Celebi, Kara Yaprak, Sat1 and Sar1 Ulak were determined as
cultivars that were more tolerant of frost. Sinop No 1, Marantelli, Ayvalik, Gorvele, Cakir, Samsun Tuzlamalik,
Erkence, Saurani, Esek Zeytini (Tekirdag), Kan Celebi, izmir Sofralik, Cilli, Samsun Yaglik, Domat, Esek Zeytini
(Odemis), Sagakli Otur, Sinop No 4, Memecik, Nizip Yaglik, Tekirdag Cizmelik and Patos were found to be
moderately tolerant cultivars while Edincik, Sinop No 6, Cekiste, Mavi, Kiraz, Kilis Yaghk, Celebi (iznik),
Trabzon Yaglik, Uslu and Girit olive cultivars were grouped as cultivars having low tolerance to frost. In addition,
data showed that cold acclimation in the olive is quite important, and exposure to low temperatures for a certain
period of time has significantly increased the frost tolerance. However, this condition was not stable and could
rapidly become reversed when temperature reached to the point at which adapdation did not ensure.
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Mete & Gulen & Cetin & Hakan & Guloglu & Kaya & Ulucay
Frost Tolerances of Turkish Olive (Olea europaea L.) Cultivars

Oz

Zeytinin anavatan1 Akdeniz Havzasi’nin dogusu olarak gériilmektedir. Tiirkiye cografi konum olarak bu havzayi
kismen igermektedir ve zeytin biyogesitliligi bakimindan zengin bir kaynaga sahiptir. Tiirkiye’de zeytin
yetistiriciligi Ege, Marmara, Akdeniz, Giineydogu Anadolu ve Karadeniz bdlgelerinde yapilmaktadir. Toprak
istegi bakimindan fazla secici olmayan zeytinin siirlarini iklimsel faktorler belirlemektedir. Zeytincilik yapilan
bolgelerde genellikle Akdeniz iklimi hiikiim siirmektedir. Bu bolgelerde kislar 1lik ve yagisli, yazlar ise sicak ve
kurak gecmektedir. Buna karsin, bazi yillar olusan siddetli soguklar 6zellikle ic Ege, Marmara ve Karadeniz
bolgelerinde 6nemli zararlanmalara neden olabilmektedir. Nitekim Ulkemizdeki zeytin isletmelerinin % 31.8’inin
donem dénem don zararina maruz kaldigi bilinmektedir. Bu durum don toleransi yiiksek cesitlerin belirlenmesi ve
soguk zararlarinin meydana gelebilecegi bolgeler igin uygun ¢esitlerin saptanmasi gerekliligini ortaya ¢ikarmigtir.
Caligmada Zeytincilik Arastirma Enstitiisii (Bornova/izmir) biinyesinde bulunan “Kemalpasa Zeytin Arazi Gen
Bankasi”ndaki 40 zeytin ¢esidinin don toleransi aragtirilmistir. Cesitlerin dona toleransinin aragtirmak amactyla
iki y1llik siirecte alt1 farkli donemde alinan yaprak 6rnekleri kontrol (+4°C), -2°C, -5°C, -8°C, -11°C, -14°C, -17°C
ve -20°C’lerde don testlerine tabi tutulmus ve bu testlerde iyon sizintis1 (elektriksel iletkenlik) yonteminden
yararlanilmistir. Sonug olarak zeytin ¢esitlerinin don toleransinin gerek genetik olarak gerekse mevsimsel olarak
onemli degiskenlikler gosterdigi saptanmistir. Butko, Memeli, Otur, Gemlik, Sinop No 5, Yiin ¢elebi, Kara yaprak,
Sat1 ve Sar1 Ulak gesitlerinin don toleransinin yiiksek oldugu belirlenmistir. Sinop No 1, Marantelli, Ayvalik,
Gorvele, Cakir, Samsun Tuzlamalik, Erkence, Saurani, Esek Zeytini (Tekirdag), Kan Celebi, izmir Sofralik, Cilli,
Samsun Yaglik, Domat, Esek Zeytini (Odemis), Sagakli Otur, Sinop No 4, Memecik, Nizip Yaglk, Tekirdag
Cizmelik ve Patos ¢esitlerinin dona orta derecede toleransh oldugu, Edincik, Sinop No 6, Cekiste, Mavi, Kiraz,
Kilis Yaglik, Celebi (iznik), Trabzon Yaglk, Uslu ve Girit Zeytini gesitlerinin ise don toleransinin diisiik oldugu
tespit edilmistir. Ayrica sonuglar zeytinde soguk aklimasyonunun olduk¢a dnemli oldugunu ve belirli bir siire
diistik sicakliklara maruz kalmanin don toleransini 6nemli derecede arttirdigini gostermistir. Ancak bu durumun
duragan olmadigi ve uyumun gergeklesmedigi sicakliga doniildiiglinde hizlica kaybedilebilecegi goriilmiistiir.

Anahtar Kelimeler: Zeytin, Aklimasyon, Cesit, Don toleransi, LTso, Olea europaea L.
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1. Introduction

Between about the 30°-45° latitudes Mediterranean region is considered as economic olive production zone
(Bongi and Palliotti, 1994; Mancuso, 2000). Low temperature is one of the most important abiotic stress factors
limiting production and quality of olive within this zone (Yang et al., 2005; Sanzani et al., 2012; Aybar et al.,
2015). Olive is a plant species with better frost tolerance compared to other subtropical plant species. However,
leaf loss and branch dieback may occur in olive trees depending on the period and temperature, specially in the
case of lower than -7°C and this leads to severe yield loss (Vitagliano and Sebastiani, 2002). Although it is stated
that plants may completely die when temperature drops to -12°C, some cultivars are able to display frost tolerance
at temperatures from -12°C to -18°C (Fiorino and Mancuso, 2000; De-Andres Cantero, 2001).

Olive has been cultivated in Aegean, Marmara, Mediterranean, Southeastern Anatolia, and Black Sea Regions
of Turkey. Table olive and olive oil are considered as some of the most important agricultural products of this
geography (Mete et al., 2016b). Olive trees cultivated in these regions are considerably influenced by climatic
factors in some years. It was reported that numerous olive trees were exposed to extremely severe frost damage
especially in Marmara region after sudden decreases of weather temperature in the years 1983, 1985, and 1987
(Usanmaz et al., 1988). A similar case occurred in Mudanya district of Bursa province in 2010 and many olive
trees got damaged because of low temperature. Likewise, excessively low temperatures in January 2015 caused
defoliations and branch dieback in olive trees (Mete et al., 2016a). A study conducted throughout Turkey reported
that 31.8% of olive plantations suffered from frost damage periodically (Ozaltas et al., 2016). In addition,
probability of low temperature induced injury in olive trees has increased as the result of shift in olive cultivation
areas to more marginal areas in recent years.

Frost damage occurring in plants depends on genetic structure, phenological period, nutrition and health
condition, age of the plant and organs that are exposed to frost stress (Graniti et al., 2011). Air humidity, period of
temperature, rate of decrease in temperature, and speed and direction of wind are effective on frost. Depending on
this condition, frost tolerance of plants is affected by its genetic structure and environmental factors and thus it
shows variation (Beck et al., 2004). Therefore, it is crucial in terms of reliability of the results to take samples
homogenously from the trees cultivated under the same conditions to carry out artificial freezing tests.

Different methods have been used in order to determine frost tolerance of olive cultivars. Among these
methods, “electrolyte leakage tests” (measured by the electrical conductivity) is considered as the most effective
and practical method because it shows the cell membrane injury right after the frost damage (Palliotti and Bongi,
1996; Bartolozzi and Fontanazza, 1999; Mancuso, 2000). Bartolozzi and Fontanazza (1999) noted in their studies
caried out to identify tolerance of olive cultivars to low temperatures (indicated by LTso) that olive cultivars
‘Bouteillan’ (LTso: -18.2°C) and ‘Nostrale di Rigali’ (LTso: -18°C) were tolerant to frost, whereas the cultivars
‘Morcona’ (LTso:-11.4 °C) and ‘Borsciona’ (LTsp:-12.2°C) were sensitive. During winter months, mean LTso was
determined to be -12 °C for leaves, -13 °C for buds, and -18 °C for offshoots of the olive cultivars ‘Nostrale di
Rigali’, ‘Frantoio’, ‘Leccino’, and ‘Moralio’ (Antognozzi et al., 1990). Mancuso (2000) stated that LTso was
between -12.0 °C (‘Coratina’) and —18.3 °C (‘Ascolana’) for some olive cultivars. Frost tolerance of olive cultivars
‘Roghani’, ‘Zard’, ‘Mission’, and ‘Kroneiki’ was determined in the periods of December and October. ‘Zard’ was
found to be the most tolerant one among the studied cultivars (Soleimani et al., 2004). Asl Moshtaghi et al. (2009)
investigated frost tolerance of 7 different olive cultivars and determined that ‘Delghan’ cultivar was the one with
the highest frost tolerance. In another study comparing frost damage occurring under natural circumstances and
after artificial freezing tests, ‘Cornicabra’ (-13.3°C) and ‘Picual’ (-13.2°C) were the most tolerant cultivars, while
‘Empeltre’ (-9.5°C) cultivar was the most sensitive according to LTso value within 8 different cultivars (Barranco
et al., 2005). Cansev et al. (2009) carried out freezing tests on leaves of the cultivars ‘Manzanilla’, ‘Lecques’,
‘Ascolona’, ‘Hojoblanca’, ‘Domat’, ‘Meski’, ‘Uslu’, ‘Gemlik’ and ‘Samanli’ during dormant and active growth
periods. According to the results, ‘Manzanilla’ was the most sensitive to low temperature stress and ‘Domat’ was
the cultivar with the highest tolerance. Other cultivars were found to be moderately tolerant. A study of frost
tolerance of 24 olive cultivars under field conditions in Italy revealed that only 3 cultivars (‘Ascolana dura’,
‘Orbetana’, and ‘Mignolone’) had considerable frost tolerance (Lodolini et al., 2016).

To the best of our knowledge, there are limited studies conducted to determine the tolerance of local olive
cultivars to freezing stress. In this manner, determining the freezing tolerance of the cultivars is very important for
effective olive growing as well as olive breeding studies in the future. Therefore the study was conducted in order
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to identify the cultivars with high frost tolerance and determine the cultivars appropriate for the regions where cold
damage may occur. In the study, 40 major olive cultivars found in the Olive Germplasm Bank of Turkey were
screened by freezing test and clustered based on their cold-hardiness.

2. Materials and Methods
2.1. Plant material

The study was conducted on 47 years old olive trees of 40 olive cultivars planted in Olive Germplasm Bank of
Turkey (Kemalpasa, Izmir / Turkey: 38°27'49.94"K, 27°22'33.64"D). All of the cultivars listed on Table 1 were
planted in the same orchard and were subjected to equal cultural procedures. And to better asses the cold hardiness
of cultivars the samples were taken in three periods within a year for two consecutive years. These periods were
determined as follows; November when cold occurs, January being one of the coldest months of the year (at which
time they are cold-acclimated), and March when the flowering starts.

For the freezing test, leaf samples were collected randomly from the middle part of current-year shoots (30-40
cm) located in the northern site of the tree in each cultivar and packed on ice and brought to the laboratory.

Table 1. Olive cultivars used in the study and their region of origin

Cultivars Region of origin Cultivars Region of origin
Ayvalik Aegean Sar1 Ulak Mediterranean
Cakar Aegean Yin Celebi Southeastern
Cekiste Aegean Kan Celebi Southeastern
Cilli Aegean Kilis Yaglik Southeastern
Girit Zeytini Aegean Mavi Southeastern
Domat Aegean Nizip Yaglhk Southeastern
Esek Zeytini (Odemis)  Aegean Butko Blacksea
[zmir Sofralik Aegean Gorvele Blacksea
Kiraz Aegean Marantelli Blacksea
Memeli Aegean Patos Blacksea
Uslu Aegean Otur Blacksea
Erkence Aegean Sagakli Otur Blacksea
Memecik Aegean Sat1 Blacksea
Kara Yaprak Aegean Samsun Yaglik Blacksea
Gemlik Marmara Samsun Tuzlamalik Blacksea
Tekirdag Cizmelik Marmara Trabzon Yaglik Blacksea
Edincik Marmara Sinop No 1 Blacksea
Esek Zeytini (Tekirdag) Marmara Sinop No 4 Blacksea
Celebi (Iznik) Marmara Sinop No 5 Blacksea
Saurani Mediterranean Sinop No 6 Blacksea

2.2. Controlled freezing test

In this study, membrane injury of leaf tissues was carried out by ion leakage method developed by Arora et al.
(1992) and modified for olive plant by Eris et al. (2007). Briefly, leaf discs in 10 mm diameter were punched from
the leaves, they were then lightly rinsed in distilled water, gently blotted with paper, and placed in test tubes (one
disc per tube). Tubes were placed in a glycol freezing bath (JULABO brand F38-ME). Three replications were
performed for each temperature and each cultivar in each leaf sampling period. A water bath device with cooler
and a 45-1t chamber manufactured from stainless steel was used for applying the freezing tests. The temperature
was decreased at 2°C/h of speed, down to +4°C to -2, -5, -8, -11, -14, -17, and -20°C and samples were allowed to
gradually thaw inside ice box removing from freezing bath after keeping them for 2 hours at each of temperature.

2.3. Cell membrane injury and cold-hardiness determination

Ten ml of distilled water was added to each tubes from exposed and non-exposed (control) to freezing stress
and theywere then shaken on a gyratory shaker (250 rpm) for 4 h at room temperature. Electrical conductivity of
each sample was measured using Selecta- CD-2005 conductivity meter. Electrical conductivity of each sample
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was measured once more after the tubes were autoclaved (0,12 MPa, 120°C, 20 min) and cooled. Proportional
injury at each temperature was calculated from ion leakage data using the equation: proportional injury=[(
proportional L(t)- proportional L(c)) / (1- proportional L(c))], where proportional L(t) and proportional L(c) are
percentage ion leakage data for the treatments and control samples, respectively (Arora et al., 1992). Cold-
hardiness (L Tso) was defined as the subzero temperature at which 50% injury occurred.

2.4, Statistical analyses

The study was planned with 3 replications according to randomized block experimental design. Resulting data
was statistically analyzed using Student’s t grouping test in JMP software. Data from cold-hardiness were
evaluated according to logistic regresyon analysis (Weisberg, 1985).

3. Results and Discussion
3.1. Cold-hardiness of olive cultivars

Freezing tests were repeated for two years and tests were applied in three different periods for each year. These
periods were November 2014, January 2015, March 2015 (1% year), November 2015, January 2016, and March
2016 (2" year). Table 2 and Table 3 show mean LTsp values of the cultivars within these periods.

In November of the year 1, though the cultivar “Yiin Celebi’ had the highest LTso value with -14.25°C. The
cultivars ‘Memeli’ (-14.25°C, LTsp) and ‘Otur’ (-14.01°C, LTsp) were statistically found within the same group as
“Yiin Celebi’ cultivar. These were followed by the cultivars ‘Sinop no 5’ (-13.97°C, LTso) and ‘Butko’ (-13.83°C,
LTso) . The cultivar with the lowest frost tolerance was ‘Celebi (Iznik)’ which had -9.30°C of LTso result. Other
cultivars with relatively low frost tolerance within this period were ‘Uslu’ (-10.18°C, LTso), ‘Girit Zeytini’ (-
10.59°C, LTs), ‘Esek Zeytini’ (Odemis) (-10.84°C, LTso), ‘Tekirdag Cizmelik’ (-10.85°C, LTso), and ‘Trabzon
Yaglik’ (-10.88°C, LTso). LTso values increased based on cold acclimation in January 2015 when air temperature
is lowest among all the periods. LTso values of the cultivars varied between -22.53°C (‘Sat1’) and -13.51°C (‘Celebi,
Iznik’). The cultivar ‘Gemlik’ which is one of the most important table olive cultivars in Turkey had -22.42 °C of
LTso value and statistically involved in the same group with cultivar ‘Sat1’. These cultivars were followed by the
cultivars ‘Otur’ (-22.06°C, LTso), ‘Memeli’ (-21.98°C, LTsp), and ‘Kan Celebi’ (-21.47°C, LTs), respectively.
The cultivars ‘Uslu’ (-14.78°C, LTsp), ‘Girit Zeytini’ (-14.83°C, LTso), ‘Cekiste’ (-14.89°C, LTsp), and ‘Trabzon
Yaglik’ (-15.23°C, LTso) as well as ‘Celebi (iznik)’ shared the last five ranks. In March, which was the last period
of the tests for the year 1, the cultivar having the highest frost tolerance with -21.63°C of LTso was ‘Butko’. This
cultivar was followed by the cultivars ‘Sinop no 5’ (-20.50°C, LTsp), ‘Kara Yaprak’ (-20.30°C, LTso), ‘Yiin Celebi’
(-19.63°C, LTsp), and ‘Memeli’ (-18.42°C, LTsp). The last 5 ranks within this period were listed as follows; ‘Girit
Zeytini’ (LTso, -11.60°C), “Sinop no 6’ (-11.80°C, LTsp), ‘Trabzon Yaglik® (-11.87°C, LTsg), ‘Uslu’ (-12.63°C,
LTso), and ‘Esek Zeytini (Odemis)’ (-12.82°C, LTs).

The cultivar with the highest LTso value obtained from 2" year freezing tests conducted in November was
‘Otur’. This cultivar with -14.40°C of LTsq value was followed by the cultivars ‘Cakir ‘(-14.35°C, LTso), ‘Butko’
(-14.30°C, LTso,), ‘Memeli’ (LTso,-13.57°C) and ‘Kara Yaprak’ (-12.94°C, LTso). The cultivars ‘Cekiste” (LTso, -
10.21°C), ‘Kilis Yaglik’ (LTso, -10.14°C), ‘Kiraz’ (-9.83°C, LTsg), ‘Mavi’ (LTsg, -9.78°C) and ‘Sinop no 5’ (-
9.68°C, LTso) were the cultivars with the lowest frost tolerance. LTso values obtained from 2" year freezing tests
in January were found to be lower compared to same period in previous year. LTso values of the cultivars varied
between -12.06°C (‘Girit Zeytini’) and -17.96°C (‘Sagakli Otur’). The first 5 cultivars with high frost tolerance
within this period were determined as Sagakli Otur’ (-17.96°C, LTso), ‘Butko’ (-17.71°C, LTs), ‘Memeli’ (-
17.59°C, LTsp), ‘Yiin Celebi’ (-17.52°C, LTsp), and ‘Gemlik’ (-17.24°C, LTso). Within the last 5 ranks were the
cultivars ‘Girit Zeytini’ (-12.06°C, LTso), ‘Kilis Yaglik® (-12.57°C, LTsg), ‘Uslu’ (-12.60°C, LTso), ‘Cekiste’ (-
13.04°C, LTsp), and ‘Domat’ (-13.08°C, LTso). The first 5 cultivars with the lowest frost tolerance in March were
‘Edincik’ (-9.43°C, LTs), ‘Girit Zeytini’ (-9.85°C, LTso), ‘Trabzon Yaglik’ (-10.34°C, LTsp), ‘Uslu’ (-10.60°C,
LTso), and ‘Kiraz’ (-10.74°C, LTsp,). Within this period, the cultivar ‘Memeli’ had the highest frost tolerance with
-14.59 °C of LTso value. This cultivar was followed by ‘Erkence’ (-13.97°C, LTso,), ‘Butko’ (-13.74°C, LTso),
‘Ayvalik’ (-13.74°C, LTso), and ‘Kara Yaprak’ (-13.65°C, LTsp), respectively. The other cultivars were aligned
between these groups.

297



Mete & Gulen & Cetin & Hakan & Guloglu & Kaya & Ulucay
Frost Tolerances of Turkish Olive (Olea europaea L.) Cultivars

Table 2. The cold-hardiness (LTso) of the olive cultivars in three different periods in the first year

November 2014 January 2015 March 2015
Cultivar LTso (-°C)* Cultivar LTso (-°C)* Cultivar LTso (-°C)*
Yiin gelebi 14.25a Sat1 2253 a Butko 21.63a
Memeli 14.25a Gemlik 2242 a Sinop No 5 20.50 ab
Otur 14.01a Otur 22.06 ab Kara Yaprak 20.30 b
Sinop No 5 13.97 ab Memeli 21.98 a-c Yiin Celebi 19.63 bc
Butko 13.83 a-c Kan Celebi 21.47 ad Memeli 18.42 cd
Cekiste 13.38 b-d Esek Zeytini (0) 21.17 b-e Sinop No 1 18.39 cd
Domat 13.25c-e Gorvele 21.06 b-e Gemlik 18.30d
Sat1 13.24 c-e Sar1 Ulak 20.77 c-e Nizip Yaglik 18.00 de
Sinop No 6 13.08 d-f Esek Zeytini (T) 20.60 de Otur 17.97 de
Samsun Yaglik 12.99 d-g Butko 20.43 de Ayvalik 17.88 de
Marantelli 12.98 d-g Sinop No 1 20.36 de Marantelli 17.88 de
Cakir 12.89 d-h Samsun Tuzlamalik 20.09 e Cakir 17.80 d-f
Esek Zeytini (T) 12.81 d-1 Sinop No 5 20.03 ¢ Sat1 17.71 d-f
Saurani 12.73 e-j Yiin Celebi 18.68 f Saurani 17.58 d-f
Sinop No 4 12.72 e-j Erkence 18.67 f Sar1 Ulak 17.52 d-f
Samsun Tuzlamalik  12.68 e-k [zmir Sofralik 18.50 fg Domat 17.44 d-f
Sagakli Otur 12.64 e-l Marantelli 18.50 fg Tekirdag Cizmelik 16.89 e-g
Sar1 Ulak 12.56 fg-m Cilli 18.36 f-h Samsun Tuzlamalik 16.85e-g
Kara Yaprak 12.43 g-n Ayvalik 18.36 f-h Samsun Yaglik 16.79 e-h
Erkence 12.31 h-no Domat 18.31 f-h Kan Celebi 16.56 f-1
Nizip Yaglik 12.271-0 Mavi 18.12 f1 Gorvele 16.18 g-j
Patos 1222 1-0 Edincik 18.09 f-1 Esek Zeytini (T) 15.64 h-k
Memecik 12.19j-0 Kilis Yaglik 17.40 g-j Sinop No 4 15.40 1l
Kan Celebi 12.15 j-0 Kiraz 17.30 g-j Izmir Sofralik 15.35 1|
Sinop No 1 12.10 k-p Memecik 17.23 g-j Cilli 15.34 1l
Edincik 12.06 I-p Sagakli Otur 17.18 h-j Sagakli Otur 15.25 j-I
Ayvalik 12.03 I-p Saurani 17.03 1-k Erkence 15.19 -
Gorvele 11.98 m-p Cakir 16.891-k Patos 15.14 j-1
[zmir Sofralik 11.96 m-p Sinop No 6 16.891-k Edincik 15.08 j-1
Kilis Yaglik 11.86 n-q Kara Yaprak 16.72 jk Cekiste 14.74 k-m
Kiraz 11.75 0-q Tekirdag Cizmelik 16.45 j-1 Kiraz 14.68 k-m
Gemlik 11.74 0-q Sinop No 4 16.39 j-1 Memecik 14.39 k-m
Cilli 11.51 pq Nizip Yaglhk 16.28 j-I Kilis Yaglhk 14.16 I-n
Mavi 11.25qr Samsun Yaglik 15.97 k-m Celebi (Iznik) 13.55 m-o0
Trabzon Yaglik 10.88rs Patos 15.251Im Mavi 13.07 n-p
Tekirdag Cizmelik ~ 10.85rs Trabzon Yaglik 15.23Im Esek Zeytini (0) 12.82 0-q
Esek Zeytini (O)  10.84rs Cekiste 14.89 m Uslu 12.63 0-q
Girit Zeytini 10.59 st Girit Zeytini 14.83 m Trabzon Yaglik 11.87 pq
Uslu 10.18t Uslu 1478 m Sinop No 6 11.80q
Celebi (iznik) 9.30u Celebi (Iznik) 13.51n Girit Zeytini 11.60q

* Means grouped by Student's t test (p<0.05)

The statistical grouping of all the cultivars based on their periodic mean LTso values was shown in Table 4.
Periodic mean LTso value of all cultivars was determined as -12.32°C (November), -18.27°C (January), and -
16.20°C (March) for the 1% year; -11.72°C (November), -15.19°C (January), and -12.17°C (March) for the 2"
year. The average daily temperatures for the last 30 days before application of freezing tests in this period (Table
4) were determined to be 4.39°C (January 2015), 8.10°C (March 2015), 6.25°C (January 2016), 12.52°C
(November 2014), -12.85°C (March 2016), and -13.97°C (November 2015). Upon examination of the data, a
negative correlation between frost tolerance and temperature was found to be notable. In the northern hemisphere,
cold acclimation starts in fall when day-time begins to get shorter and non-optimal temperature starts for vegetation.
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In addition, subzero degrees that are not lower than critical damage threshold elevates frost resistance (Vitagliano
and Sebastiani, 2002). Similar results were also obtained from this study. The highest frost tolerance was obtained
in January of 1% year (2015) when average daily temperature was the lowest and temperature was measured to be
the highest in November of 2" year (2015) when frost tolerance was lower. There was a difference only between
mean LTso values in March of 1%t year (2015) and mean LTsp values in January of 2" year (2016) in terms of
temperature correlation. This situation may be associated with substantially increased cold acclimation of cultivars
depending on low temperatures in the period of January in 1% year (2015). Low temperatures occurring within
February of the same year ensured continuity of cold adaptation process and were considered to cause high frost
tolerance in March of 1%t year (2015). Moreover, there was a sharp fluctuation between daily average temperatures
in January of 2" year (2016). This might have hadnegative effects on cold acclimation of the cultivars.

Table 3. The cold-hardiness (LTso) of the olive cultivars in three different periods in the second year

November 2015 January 2016 March 2016

Cultivar LTso (-°C)* Cultivar LTso (- °C)* Cultivar LTso (-°C)*
Otur 1440 a Sagakl1 Otur 1796 a Memeli 1459 a
Cakir 14.35a Butko 17.71ab Erkence 13.97 ab
Butko 14.30 ab Memeli 17.59 ab Butko 13.74 be
Memeli 13.57 bc Yiin Celebi 17.52 ab Ayvalik 13.74 be
Kara Yaprak 12.94 cd Gemlik 17.24 a-c Kara Yaprak 13.65 b-d
Samsun Tuzlamalik 12.82 de Otur 16.96 a-d Cilli 13.60 b-d
Sinop No 1 12.78 de Sinop No 5 16.79 b-e Esek Zeytini (O) 13.51 b-d
Sar1 Ulak 12.55 d-f Gorvele 16.79 b-e [zmir Sofralik 13.33c-e
Ayvalik 12.52 d-g Marantelli 16.78 b-e Saurani 13.12 c-f
Patos 12.47 d-g [zmir Sofralik 16.70 b-e Sinop No 1 13.07 d-f
Erkence 12.39d-h Cilli 16.36 c-f Yiin Celebi 13.07 d-f
Samsun Yaghk 12.39d-h Saurani 16.24 c-f Gemlik 12.85¢e-g
Esek Zeytini (T) 12.35d-h Sati 16.14 c-f Cakar 12.68 f-h
Cilli 12.27 d-1 Kara Yaprak 16.09 d-g Sar1 Ulak 12.56 f-1
Marantelli 12.14 e-j Kan Celebi 16.07 d-g Samsun Yaglik 12.51 f-1
Celebi (iznik) 11.90 f-k Erkence 15.91 d-h Gorvele 12.40 g-j
Domat 11.78 g-l Sinop No 4 15.81 e-1 Sinop No 5 12.39 g-j
Sinop No 4 11.72 h-l Memecik 15.75 e-j Sat1 12.35g-j
Gemlik 11.71 h-l Esek Zeytini (O) 15.55 f-k Samsun Tuzlamalik ~ 12.35 g-j
Nizip Yaghk 11.68 h-l Ayvalik 15.03 g-I Cekiste 12.26 g-j
Sati 11.60 1-m Sar1 Ulak 14.94 h-| Sinop No 4 12.14 h-k
Saurani 11.59 1-m Esek Zeytini (T) 14.93 h-m Otur 12.07 h-k
[zmir Sofralik 11.48 j-n Sinop No 6 14.80 1-n Memecik 12.02 1-1
Gorvele 11.44 k-n Samsun Yaglik 14.79 1-n Patos 11.98 1l
Girit Zeytini 11.32 k-0 Samsun Tuzlamahk  14.73 1-0 Nizip Yaglik 11.94 1
Sinop No 6 11.32 k-0 Mavi 14.69 j-o Celebi (Iznik) 11.83j-m
Tekirdag Cizmelik 11.21 k-p Edincik 14.64 k-0 Marantelli 11.79 j-m
Memecik 11.131-p Tekirdag Cizmelik  14.64 k-0 Sinop No 6 11.78 j-m
Trabzon Yaglik 11.10 I-p Cakir 14.26 I-p Mavi 11.59 k-n
Uslu 10.91 m-q Trabzon Yaglik 13.83 m-q Esek Zeytini (T) 11.59 k-n
Yiin Celebi 10.88 m-r Patos 13.69 n-r Tekirdag Cizmelik  11.40I-0
Kan Celebi 10.75 n-r Sinop No 1 13.65 0-s Domat 11.25 m-p
Edincik 10.59 o-r Nizip Yaglk 13.34 p-s Kan Celebi 11.10 n-q
Sagakli Otur 10.50 p-s Celebi (Iznik) 13.16 p-t Sagakli Otur 10.88 o-r
Esek Zeytini (O) 10.35 g-t Kiraz 13.11 g-t Kilis Yaglik 10.85 o-r
Cekiste 10.21 g-t Domat 13.08 g-t Kiraz 10.74 p-r
Kilis Yaghk 10.14 r-t Cekiste 13.04 g-t Uslu 10.60 gr
Kiraz 9.83 st Uslu 12.60 r-t Trabzon Yaglik 10.34rs
Mavi 9.78 st Kilis Yaglik 12.57 st Girit Zeytini 9.85 st
Sinop No 5 9.681 Girit Zeytini 12.06t Edincik 943t

* Means grouped by Student's t test (p<0.05)
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Table 4. Daily average temperatures (°C) 30 days before the frost tests and periodic average LTso (-°C)
values of all cultivars

Days before Daily average temperatures (°C)
frost tests 1%t year 2n year
Nov. 2014 Jan. 2015 Mar. 2015 | Nov.2015 Jan. 2016 Mar. 20

30 20.20 5.20 5.30 16.80 7.90 15.60
29 16.10 10.60 5.30 17.30 6.90 16.90
28 15.80 12.10 5.50 17.10 3.50 18.80
27 14.00 8.30 4.80 19.10 3.10 15.70
26 12.60 4.40 -0.30 20.80 6.70 12.70
25 11.90 5.40 -0.50 19.60 -0.10 15.10
24 12.60 6.60 3.70 18.30 -1.60 16.30
23 12.60 1.80 5.80 15.50 -3.30 11.40
22 12.20 3.10 5.00 14.00 2.50 9.30
21 11.70 5.50 11.10 13.60 8.60 7.10
20 10.80 10.30 11.20 14.20 13.70 10.10
19 10.50 9.50 9.50 14.10 16.50 11.70
18 8.60 4.30 10.80 13.00 14.60 12.50
17 8.60 13.20 8.70 12.70 7.50 11.20
16 10.60 4.90 9.80 13.90 3.60 14.20
15 12.10 1.10 9.80 14.10 5.90 11.00
14 14.00 2.80 9.80 12.80 13.20 13.40
13 12.80 3.30 10.10 12.50 15.70 18.80
12 13.20 0.80 9.90 11.70 15.10 16.40
11 14.20 1.00 7.10 10.00 9.10 12.90
10 13.60 3.90 13.60 9.80 5.30 12.20
9 13.40 1.20 15.10 12.60 13.30 10.40
8 12.30 -0.30 9.70 12.30 11.70 9.70
7 10.40 -3.80 8.90 11.10 2.70 10.80
6 14.90 -4.00 9.00 11.10 0.00 11.40
5 14.40 -1.70 10.80 12.10 -1.50 11.60
4 15.60 2.30 6.80 12.20 2.80 12.20
3 9.70 9.90 8.50 12.50 3.00 11.80
2 8.30 4.90 9.10 12.60 1.20 11.10
1 8.00 5.10 9.00 11.80 -0.20 13.30

Periodic Aver. 1252 4.39 8.10 13.97 6.25 12.85

Temp. ('C)
Aver. LTg(-'C) 12.32 18.27 16.20 11.72 15.19 12.17

3.2. Grouping the olive cultivars based on cold-hardiness

Statistical grouping of olive cultivars based on their frost tolerance was conducted considering the interactions
between the periods and LTso values and mean LTso values by logistic regression analysis are presented in the
Figure 1 (p<0.01). The cultivars were separated into 3 categories including high, moderate, and low tolerance
following frequency distribution through these data. The Figure shows that 8 cultivars had high frost tolerance,
22 cultivars had moderate frost tolerance, and 10 cultivars had low frost tolerance.

The cultivars with high frost tolerance were ‘Butko’, ‘Memeli’, ‘Otur’, ‘Gemlik’, “Yiin Celebi’, ‘Sat1’, ‘Sinop
no 5°, and ‘Kara Yaprak’, respectively. The cultivars with moderate frost tolerance were determined as follows;
‘Sar1 Ulak’, ‘Sinop no 1°, ‘Marantelli’, ‘Gorvele’, ‘Ayvalik’, ‘Samsun Tuzlamalik’, ‘Cakir’, ‘Erkence’, ‘Saurani’,
‘Kan Celebi’, ‘Esek Zeytini (Tekirdag)’, ‘Cilli’, ‘Izmir Sofralik’, ‘Samsun Yaglik’, ‘Domat’, ‘Sagakl1 Otur’, ‘Esek
Zeytini (Odemis)’, ‘Sinop No 4°, ‘Nizip Yaglik’, ‘Memecik’, ‘Tekirdag Cizmelik’, and ‘Patos’. The cultivars with
low frost tolerance were ‘Edincik’, ‘Sinop no 6°, ‘Cekiste’, ‘Mavi’, ‘Kiraz’, ‘Kilis Yaglik’, ‘Celebi (iznik)’,
‘Trabzon Yaglik’, ‘Uslu’, and ‘Girit Zeytini’.

It was seen as the result of freezing tests applied in six different periods that the olive cultivar with the highest
frost tolerance was ‘Butko’ (mean LTsp, -16.94°C) originated from Artvin province. The cultivars ‘Otur’ (mean
LTso, -16.25°C) and ‘Sat1” (mean LTso, -15.60°C), which were grouped with highest frost tolerance, were also
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originated from Artvin province. It was observed that the cultivars adapted to this region where winters are more
severe compared to other regions with olive cultivation were good choices for the circumstances of the Blacksea
Region.

The cultivar ‘Gemlik’ which is one of the most important olive cultivars in Turkey was ranked as the fourth (mean
LTso, -15.71°C) in terms of frost tolerance. The cultivar which was originated from Gemlik district of Bursa
province has been known to be well adapted to the regions with highly cold winter. The olive cultivar Gemlik is
also cultivated with different names (as ‘Erdek Yaglik’, ‘Tekirdag Siyah Salamuralik’, ‘Sinop No 2’, ‘Samsun
Ufak Tuzlamalik’) in Marmara and Black Sea regions. This indicates that the cultivar Gemlik can be a beneficial
option for these regions or similar oneswith severely cold winter.

The cultivars ‘Ayvalik’ (mean LTso, -14.93°C), ‘Domat’ (mean LTso, -14.18°C) and ‘Memecik’ (mean LTso, -
13.79°C) covering an significant portion of olive tree stock in Turkey were involved in the group with moderate
tolerance. The cultivar ‘Ayvalik’ distributed mostly in Northern Aegean Region was ranked as the 13rd among all
the cultivars, the cultivar ‘Domat’ as the 23rd, and the cultivar ‘Memecik’ which is adapted to climatic conditions
of Southern Aegean as the 28th in terms of frost tolerance. The cultivar ‘Uslu’ which is one of the black table olive
cultivars, was ranked as the 39th and showed a poor performance in terms of frost tolerance.

Frost tolerances of the cultivars examined in the project displayed significant changes depending on the
sampling periods. It is known that frost tolerance is influenced by genetic predisposition of the plant and
environmental factors, therefore it generally shows a time-dependent variance (Beck et al., 2004). Numerous
researchers have suggested that cold acclimation increases frost tolerance of plants (Levitt, 1980; Palliotti and
Bongi 1996; Travert et al., 1997; Thomashow, 1999; Mancuso, 2000; Kosova et al., 2007; Cansev et al., 2009). In
line with the previous studies cold acclimated period increased the frost tolerance of the cultivars in current study.
Indeed frost tolerance of each cultivar exhibited periodical differences. Additionally, the cultivars ‘Butko’,
‘Memeli’ and ‘Otur’ stood out as the cultivars generally with high tolerance considering all the periods. Frost
tolerance of the cultivars ‘Girit Zeytini’, ‘Uslu’, ‘Trabzon Yaglk’ and ‘Celebi (iznik)’, on the other hand, was
found to be mostly low according to tests performed within 6 different periods. While frost tolerance of all these
cultivars was low in the tests conducted in November, their frost tolerances were observed to increase significantly
in January. ‘Gemlik’ was one of the most remarkable cultivars regarding the subject due to the fact that it had a
LT50 value of -11.74 °C in the period of November during the 1st year of study but it had an almost doubled LT50
value (-22.42°C) in January.

Previously some data were examined regarding the frost tolerance of the cultivars ‘Uslu’, ‘Domat’, ‘Edincik’,
‘Samanli’ and ‘Gemlik’ which were the cultivars examined in this project (Siitgii et al., 1994; Cansev et al., 2009).
Siitctli et al. (1994) who started the first trials on this subject in Turkey reported that there was no significant
differences between the cultivars they examined however, the olive cultivar ‘Domat’ was more tolerant to cold,
the cultivars ‘Gemlik’ and ‘Edincik’ were moderately tolerant, and the cultivar ‘Uslu’ was susceptible. Another
study (Cansev et al., 2009) also found that the cultivar ‘Domat’ was tolerant and the cultivars ‘Gemlik’ and ‘Uslu’
were moderately tolerant. Results of the present study are relatively accordance with the results from other studies.
This was considered to associated with the materials, methods, and environmental differences among studies. In
the study by Siitcii et al. (1994), 1-year-old offshoots with foliation were planted in fogging greenhouse for vitality
test after their exposure to frost stress and their cold tolerance was determined by the rate of surviving leaves after
4 weeks. Even though they concluded that the cultivar ‘Domat’ which was moderately tolerant in the present study,
was tolerant, there was no statistical differences between the cultivars and authers attributed this to the effects of
environmental factors. Results of the study by Cansev et al. (2009) were based on freezing tests performed in 2
different periods as cold-acclimated and non-acclimated (January and July, respectively). In the present study
freezing tests were carried out during 3 different periods starting from winter cold for two years. Thus, a greater
number of tests were applied and further data were obtained from considered periods when winter cold starts,
which are critical for olive plant.
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Kan Celebi E T 14.68 fgh
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Patos Bmmme———————--1 13.46mno . Medium tolerance
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Kiraz I 12.90 pq
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Figure 1. Grouping olive cultivars in terms of the frost tolerance

4, Conclusions

According to the results, cold-hardiness of olive cultivars significantly changed in terms of both genetic and
climatic factors. The cultivars were clustered in three groups with high , medium and low frost tolerance. The data
revealed that the cultivars ‘Butko’, ‘Memeli’, ‘Otur’, ‘Gemlik’, ‘Yiin Celebi’, ‘Satr’, ‘Sinop No 5°, and ‘Kara
Yaprak’ had high frost tolerance. The cultivars ‘Sar1 Ulak’, ‘Sinop No 1°, ‘Marantelli’, ‘Gorvele’, ‘Ayvalik’,
‘Samsun Tuzlamalik’, ‘Cakir’, ‘Erkence’, ‘Saurani’, ‘Kan Celebi’, ‘Esek Zeytini (Tekirdag)’, ‘Cilli’, ‘izmir
Sofralik’, ‘Samsun Yaghk’, ‘Domat’, ‘Sacakli Otur’, ‘Esek Zeytini (Odemis)’, ‘Sinop No 4’, ‘Nizip Yaglhk’,
‘Memecik’, ‘Tekirdag Cizmelik’ and ‘Patos’ had moderate frost tolerance. The cultivars ‘Edincik’, ‘Sinop No 6°,
‘Cekiste’, ‘Mavi’, ‘Kiraz’, ‘Kilis Yaghk’, ‘Celebi (Iznik)’, ‘Trabzon Yaglik’, ‘Uslu’ and ‘Girit Zeytini’ were fall
into the group with low frost tolerance.

This study revealed that frost tolerance of olive cultivars displayed both genetic and seasonal variations. It was
found that cold-acclimation was considerably significant for olive, exposure to low temperatures for a period of
time substantially elevated frost tolerance. But this situation was not stable and could rapidly become reversed
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when temperature reached to the point at which adapdation did not ensure. In addition, as stated by many
researchers, electrolyte leakage method has been found to be a fast and efficient screening method to determine
frost tolerance of cultivars. To the best of our knowledge this is the first detailed study screening the local olive
genetic resourses for frost tolerance and clustring the cultivars according to their cold-hardiness.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Farkh Az Yapisina Sahip Kiiltivator U¢ Demirlerinin Ceki Kuvveti Uzerine Etkisinin
Sonlu Elemanlar Yontemi Kullamlarak Belirlenmesi

Draft Force Determination for Cultivator Shares with Different Mouth Structures Using The
Finite Element Method

Mustafa Gokalp BOYDASY

Oz

Toprak isleme alet ve makinalarinin tasariminda ve optimizasyonunda bilinmesi gereken en 6nemli dinamik
parametre g¢eki kuvvetidir. Giinlimiizde toprak isleme alet ve makinalarinda ¢eki kuvveti degisik yontemlerle
belirlenebilmektedir. Bunlar deneysel, analitik ve niimerik yontemlerdir. Niimerik yontemler i¢inde 6zellikle
sonlu elemanlar yontemi toprak isleme alet ve makinalarinin tasariminda ve ¢eki kuvveti tahminlerinde yaygin
olarak kullanilmaya baglanmistir. Toprak makine iliskisinde sonlu elemanlar yonteminin kullanilmasi yeni
ekipmanlarin ve makinalarin tasarim, optimizasyon ve degerlendirilmesinde biiyiik kolayliklar ve ekonomiklik
saglamistir. Toprak makine iligkisini tanimlamada kullanilan 6nemli yazilimlardan biri ANSYS dir. ANSYS
Sonlu elemanlar yontemini kullanarak toprak-makine iliskisini analiz edebilen gii¢lii bir niimerik yazilim
programi olmasi ve gergek toprak parametrelerinin ve sinir sartlarinin simiilasyona girilmesiyle gergege ¢ok
yakin sonuglar vermesi nedeniyle bu ¢alismada kullanilmistir. Calismada, kiltivatérler igin kullanilabilecek
farkli agiz yapilarina sahip (diiz, sivri ve ¢atal sekilli) u¢ demirleri kullanilmistir. Bu u¢ demirlerinin farkli
calisma hizlardaki (1.5 m s, 2.5 m st ve 3.5 m s1) ceki kuvveti degerleri belirlenmistir. ANSYS igerisinde
gomiilii toprak modelleri mevcut olup bu modeller igerisinden Drucker and Prager modeli kullanilarak ug
demirleri ile elde edilen ¢eki kuvveti degerleri belirlenmistir. Bu model toprak makine iligkisini temsil eden en
iyi model olarak belirtilmektedir. ilerleme hizinin artmas: ile ¢eki kuvvetinin arttig1 belirlenmistir. Ancak catal
u¢ demirinin diger u¢ demirlerine goére hiz artisindan daha az etkilendigi belirlenmistir. Bu durum bu u¢ demirini
digerlerinden daha 6nemli bir konuma getirmistir. En yiiksek ceki kuvveti 3.5 m s? ilerleme hizinda diiz ug¢
demiri ile 1.64 kN olarak bulunmustur. En diisiik ceki kuvveti ise 1.5 m silerleme hizinda catal u¢ demiri ile
0.39 kN olarak bulunmustur.
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Abstract

The most important dynamic parameter to be known in the design and optimization of soil tillage tools and
machines is the draft force. Today, the draft force in soil cultivation tools and machines can be determined by
different methods. These are experimental, analytical, and numerical methods. Among the numerical methods,
especially the finite element method has been widely used in the design of soil tillage tools and machinery and in
the estimation of the draft force. The use of the finite element method in the soil-machine relationship has
provided great convenience and economy in the design, optimization, and evaluation of new equipment and
machines. One of the important software used to define the soil-machine relationship is ANSYS. ANSYS has
been used in this study because it is a powerful numerical software program that analyzes the soil-machine
relationship using the finite element method and gives very close results by entering real soil parameters and
boundary conditions into the simulation. In the study, shares with different mouth structures (flat, pointed and
fork-shaped) that can be used for cultivators were used. The draft force values of shares at different operating
speeds (1.5 m s?, 2.5 m s, and 3.5 m s?) were determined. There are buried soil models in ANSYS and the
draft force values obtained with the cultivator shares were determined by using the Drucker and Prager model
among these models. This model is stated as the best model representing the soil-machine relationship. It was
determined that the draft force increased with the increase of the forward speed. However, it was determined that
the fork share was less affected by the speed increase compared to the other shares. This situation has made this
cultivator shares a more important position than the others. The highest draft force was found to be 1.64 kN with
the flat share at a forward speed of 3.5 m s, The lowest draft force was found to be 0.39 kN with the fork share
at a forward speed of 1.5 m s™%,

Keywords: Tillage, Draft force, Cultivator shares, Finite element method, Soil-machine interaction
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1. Giris

Tarim insanligin en eski faaliyetlerinden biri olup, insan hayatinin devami i¢in gerekli olan yiyecek, giyecek
ve barinma ihtiyacin1 karsilar. insan niifusunun hizla artmasi bu ihtiyaglarinda artmasina sebep olmaktadir. 2050
yilina kadar insan niifusunun 9 milyara ulasacag: diisiiniildiigiinde zirai faaliyetlerin 6nemi bir kez daha &n plana
¢ikmaktadir. Ziraai faaliyetlerin yiiriitildiigii topraklarin sinirl olmasi, ihtiyaglarin ise sinirsiz olmasi goz oniine
alindiginda {irlin artiginin ancak zirai verimliligin artirilmasi ile gergeklesebilecegi gercegini ortaya koymaktadir
(Burgess ve Morris, 2009).

Insanlar {iriin verimini artirmak icin eski caglardan beri topragm islenmesi gerektigini kesfetmislerdir.
Toprak islemenin amaci topragi uygun biiyiikliikte par¢alamak, havalandirmak, karistirmak ve diger toprak
fiziksel ozelliklerini iyilestirmek olarak tanimlayabiliriz. Boylece bitkinin gelisebilecegi uygun bir toprak yapisi
olugturulmaktadir (Johnson ve Buchele, 1969; Baran ve ark., 2014; Korkutal ve ark., 2018). Toprak isleme
aletlerinin bu iglemleri yerine getirebilmeleri i¢in 6nemli miktarda bir enerjiye ihtiyaglar1 vardir. Bu enerji toprak
isleme aletinin geometrik yapisina, is derinligine, makinanin ¢alisma hizina ve iglem yapilan toprak 6zelliklerine
gore onemli oranda degismektedir. Bu nedenle toprak isleme alet ve makinalart {izerine yapilan c¢alismalar
siirekli olarak artmaktadir. Bu caligmalar ile miimkiin oldugunca verimliligi yiiksek, enerji tiiketimi az
makinalarin iiretimi amaclanmaktadir. Bu galismalarin birgogunda arastirmacilar ¢eki kuvvetini azaltmaya
yonelik calismalar yapmuslardir. Ornegin Peltre ve ark. (2015) atik camuru topraga atarak bir kiiltivatoriin ¢eki
kuvveti iizerine etkisini aragtirmiglardir, Hoseinian ve ark. (2022) bir ¢izel pullugun ayak geometrik yapisini
degistirerek ceki kuvvetine etkisini 6lgmiislerdir, Boydas (2017) kanatli ¢izel pullukta kullanilan farkli kanat
yapilarinin ¢eki kuvvetine etkisini arastirmistir, benzer olarak Celik ve ark. (2007) kulakli pulluk ve diskli pulluk
karigimi bir pullugun ¢eki kuvvetini ve yakit tiikketimini diskli ve kulakli pulluk ile karsilastirmiglardir. Bu konu
lizerine yapilan ¢aligmalarin bir kismi tarla sartlarinda, bir kismi toprak kanallarinda deneysel olarak yapilmis,
bir kismi analitik ve bir kismi da niimerik olarak gergeklestirilmistir. Deneysel olarak yapilan ¢alismalar pratik
olmasima karsin pahali ¢aligmalardir. Ayrica tarla ¢alismalarinda topragin homojen olmamasi yaniltict sonuglar
¢ikmasina da sebep olabilmektedir. Analitik yontemlerde Owen (1988), Godwin ve ark. (2007), Tong ve
Moayad (2006) gibi arastirmacilarin da kullandigi bir yontem olarak karsimiza ¢ikmaktadir. Ancak toprak
yapisinin homojen olmamasi ve toprak isleme makinalarindaki geometrik yapilarin ¢ok farkli olasi her bir
makine ve alet i¢in yeni bir denklem gelistirmeyi gerekli kilmasi bu yontemin zor kismidir. Toprak makine
arasindaki iliskiyi modelleyen diger bir yontem ise niimerik yaklagimdir. Son yillarda kullanilan giigli
bilgisayarlarin ve gelistirilen yazilimlarin hizla artmasi toprak igleme {izerine ¢aligan arastirmacilart hizla bu
yontemi kullanmaya yoneltmistir. Giinimiizde toprak isleme konusunda yapilan g¢alismalarda iki niimerik
yontem On plana ¢ikmaktadir. Bunlardan biri sonlu elemanlar yontemi (FEM-Finite Element Method) digeri ise
ayrik eleman yontemi (DEM- Discrete Element Method) dir. Birgcok g¢alismada hem FEM hemde DEM
karsimiza ¢ikmaktadir. Bu ¢alismalardan bazilarina goz atilacak olursa, Armin ve ark. (2015) sonlu elemanlar
yonteminin toprak islemede uygulanabilirligini arastirmistir, Upadhyay ve ark. (2017) diskli pullugun gii¢
gereksinimi sonlu elamanlar yontemi kullanarak belirlemislerdir, Savrukoglu (2016) kulakli pulluklarin kulak—
toprak iliskisini numerik ve analitik yontemler ile modellemistir, Sahin ve ark. (2018a) farkl firmalarca iiretilen
kiilltivator Kkazayagi ug¢ demirlerinin bazi mukavemet oOzelliklerini sonlu elemanlar metodu kullanarak
belirlemislerdir, yine Sahin ve ark (2018b) farkli firmalarin iiretmis oldugu kiiltivatorler dar u¢ demirlerinin
degisken yiiklenmeler altinda deformasyon degisimlerini sonlu elemanlar metodu kullanarak belirlenmislerdir.
Kesner ve ark. (2021) ¢izel pulluk ayagmin optimizasyonunu hem sonlu elemanlar yontemi hem de ayrik
elamanlar yontemini kullanarak gergeklestirmislerdir. Benzer sekilde Sadek ve ark. (2021) ayrik elemanlar
yontemini kullanarak yiiksek hizli diskli bir pullugun ¢eki kuvvetini belirlemislerdir.

Toprak isleme aletleri icerisinde yaygin kullanilan aletlerden biri kiiltivatorlerdir. Kiiltivatorler bitki
iretiminin birgok asamasinda kullanilmaktadirlar. Bu 6zelligi kiiltivatoriin 6nemini daha da artirmaktadir.
Kiiltivatorler ¢ogunlukla birinci toprak islemeden sonra tohum yatagi hazirlamada, yabanci ot kontroliinde,
topragi kabartmada ve azaltilmis toprak islemede yaygin olarak kullanilmaktadirlar. Birgok arastirmaci, bitki
yetistirme iglemlerinin basitlestirilmesinin enerji tiketiminin azalmasina neden oldugunu, ayn1 zamanda toprak
bozulmasimi azalttigin1 ve verimi olumlu yonde etkiledigini belirtmislerdir (Chen ve ark., 2005; Rouw ve ark.,
2010). Kiiltivatdriin bu 6neminden dolay1 kiiltivatorlerin ¢eki giiciinii azaltmaya yonelik deneysel, analitik ve
niimerik bircok calisma yiiriitiilmiistiir. Ozellikle farkli geometrik sekillere sahip u¢ demirlerinin ve ayak
tiplerinin ¢eki kuvveti {izerine 6nemli bir etkiye sahip oldugu belirtilmistir (Mamman ve Oni, 2005; Lejman ve
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ark., 2018). Shmulevich ve ark. (2007) simiilasyon yoluyla u¢ demiri agilarini degistirerek toprak direnci tizerine
etkilerini arastirmislardir. Benzer olarak Bo ve ark. (2016) aym ayak iizerinde dort farkli u¢ demirinin g¢eki
kuvveti lizerine etkisini DEM modeli kurarak arastirmiglardir. Bu ¢alismada sonlu elemanlar yontemi
kullanilarak ti¢ farkli u¢ demirinin farkli hizlarda ¢eki kuvvetine etkisi arastirilmistir.

2. Materyal ve Metot
2.1. Calismada kullanilan kiiltivator u¢ demirleri

Bu ¢alismada ayn1 ayakta kullanilacak sekilde dizayn edilmis diiz, sivri ve catal sekilli u¢ demirleri tasarlanmustir.
Ug demirlerinin agiz kisimlar1 hari¢ diger bolgeleri ayni birakilmistir. Diiz ve sivri u¢ demirlerinin tercih edilme
sebebi uygulamada yaygin kullanilmasidir. Boylece yeni gelistirilmis olan ¢atal u¢ demirinin degerlendirilmesinde
bu ug¢ demirleri kullanilmigtir. Ug demirlerinin malzeme 6zellikleri Tablo 1.” de, geometrik 6zellikleri Sekil 1.” de
verilmistir.

Simiilasyonda kullanilan u¢ demirlerinin sadece agiz kisimlari degistirilmis diger kisimlart sonuglart
etkilememesi i¢in ayni birakilmustir.

Tablo 1. Arastirmada kullanilan u¢ demiri malzeme ozellikleri

Table 1. The material properties of the cultivator shares used in the research

Ozellik Deger

Kullanilan malzemenin ismi Paslanmaz ¢elik (AISI 4130)
Yogunluk (p) (kg m3) 7850

Elastisite Modiilii (E ) (N m?) 2x10%

Poisson orani (g) 0.3

Sikisma modiilii (K) (N m) 1.6667x10%!

Kayma modiilii (G) (N m?) 7.692x10%°

Akma noktast (N m2) 2.5x108

Basma dayanimi (N m2) 2.5x108

Nihai gerilme kuvveti (N m?) 4.6x108

S
S
E 0 R194 o o
o~ o 3]
S S
a) Diiz u¢ demiri b) Sivri u¢ demiri ¢) Catal u¢ demiri

Figure 1. The cultivator shares and technical dimensions used in the research

Sekil 1. Arastirmada kullanilan u¢ demirleri ve teknik olgiileri
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2.2. Arastirma modelinin kuruldugu toprak ozellikleri

Simiilasyonda kullanilan toprak 6zellikleri zirai islemlerin yapildigi toprak 6zellikleri dikkate alinarak segilmistir.
Bu ozellikler Tablo 2’ de verildi.

Tablo 2. Simiilasyonda kullanilan toprak ozellikleri

Table 2. Soil properties used in the simulation

Ozellik Deger
Hacim agirhig (p) (kg m) 1420
Kohezyon (¢ ) (N/m?) 4x10°
Toprak ig stirtiinme agis1 (¢) (derece) 28
Dilatasyon acis1 () (derece) 0
Elastisite Modiilii (E ) (N m?) 5x106
Poisson orani (g) 0,3
Toprak-metal siirtiinme agis1 (¢p) (derece) 23
Toprak-metal siirtiinme katsayisi () 0.3

2.3. Simiilasyonun yapildig1 yazilim ve toprak modeli

Cahsmada Atatiirk Universitesi network agna bagl olan ANSYS 2021 sonlu elemanlar yazilim programi
kullanilmistir. ANSYS sonlu elemanlar yazilimi iistiin 6zelliklere sahip bir yazilim programi olup birgok bilim
alaninda sonlu elemanlar konusunda hizmet vermektedir.

Topragin mekanik 6zellikleri kullanilarak toprak makine iliskisi analizleri sonlu elemanlar metodu kullanilarak
yapilmaktadir. Bunun yapilabilmesi i¢in ¢ok sayida toprak modelleri gelistirilmistir. Bu modellerin sayisinin fazla
olmasmnin sebebi toprak materyal davramiginin karmasik olmasi, topraga uygulanan kuvvet karsisinda verdigi
tepkinin lineer olmamasi analizlerde zorluklar yasanmasina neden olmasidir. Shen ve Kushawaha (1998), topragin
gerilme-sekil degistirme iligkisini tanimlamak igin kullanilan yapisal modelleri dogrusal ve dogrusal olmayan
modeller, elastik, plastik ve elastoplastik modeller, statik ve dinamik modeller (zamanmn dahil edilip edilmedigine
bagl olarak) olarak smiflandirmiglardir. Lineer modeller ¢ogunlukla yapisal elemanlardaki gerilme analizinde
kullanilirken, lineer olmayan modeller ise ¢ogunlukla tarimsal caligmalarda kullanilmaktadirlar. Topragin
elastikiyetini ve plastisitesini tanimlayan unsurlar géz oniine alindiginda, elastoplastik modeller, topragin tarim
aletlerinin ¢alisan organlar ile etkilesime girdiginde mekanik tepkilerini simiile etmede en ¢ok kullanilan modeller
olarak karsimiza ¢ikmaktadir. Ciinkii toprak farkli kosullara bagh olarak plastik, elastik veya elastoplastik sekil
degistirmeye maruz kalmaktadir. Dogrusal olmayan elastik ya da elastoplastik toprak modelleri i¢inde en ¢ok
kullanilanlar; Morh-Coulomb, Drucker and Prager, Cam-Clay dir. ANSYS yazilimmda bu modellerin hepsi mevcut
olup istenildiginde kullanilabilmektedir.

Bu ¢alismada Drucker and Prager modeli kullanilmistir. Bu model topragin plastik davranigini temsil etmektedir.
Toprak-makine iliskisini inceleyen birgok arastirmaci bu modeli kullanmigtir. Moslem ve Hossein (2014) tekerlek-
toprak iligkisini bu modeli kullanarak Finite Element Analysis (FEA) ile incelemislerdir. Skirkus ve Jankauskas
(2015) Kkiiltivatér ayagmin aginmasini bu modeli kullanarak FEA ile arastirmistir. Benzer olarak Elbashir ve ark.
(2014) farkli kama acgilarmin toprak isleme aletinde c¢eki kuvvetine etkilerini bu modeli kullanarak FEA ile
belirlemislerdir. Drucker and Prager modeli toprak kohezyonu ve i¢ siirtiinme agisina bagl olarak akma ylizeyi dik
bir koni seklindedir.

Toprak materyallerini tanimlamak i¢in ANSYS ile gelen Drucker and Prager modeli asagidaki esitlikle (Es. 1)
tanimlanmigtir (Avci ve Bhargava, 2020).

fy, J2) =al; + \/]_2 —-K=0 (Bs.1)

Burada l:= gerilme tensoriiniin ilk degismezi, J,= gerilme tensoriiniin ikinci degismezi, o ve K; kohezyon (c), i¢
stirtiinme ag1s1 (¢) ve dilatasyon agisina (y) bagh parametreler (Tan ve ark., 2022).

2.4. Sonlu Elemanlar Modeli

Ug farkl kiiltivator u¢ demirinin ¢eki kuvvetine olan etkisini belirlemek igin yapilan bu calismada ANSYS de ii¢
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boyutlu bir model olusturuldu (Sekil 2).

0,200 0,600

Figure 2. The cultivator share and soil model created in ANSYS
Sekil 2. ANSYS’ de olusturulan kiiltivator u¢ demiri ve toprak modeli

Bu model iki kisimdan olugmaktaydi. Birincisi deforme olabilen toprak kanali, ikicisi u¢ demiri idi. Toprak
kanali boyutlar1 1x0.5x0,5 m olarak tasarlandi. U¢ demirleri ise 15 cm derinlikte galisacak sekilde ve gogiis agisi 25°
olarak secildi (Sekil 3).

Toprak kanal

203

25°

150

s

Figure 3. Positioning of the cultivator share in the soil channel
Sekil 3. Kiiltivator u¢ demirlerinin toprak kanalina konumlandirilmasi

Dar u¢ demirine sahip kiiltivatorlerde gogiis agis1 20°-45° arasinda degismekte olup 30° altindaki agilar genelde
kiiltivatrlerde 30° lizeri agilarin ise agir kiiltivator veya ¢izel pulluklarda kullanilmaktadir (Erol ve Yavuzcan 1995).
U¢ demiri toprak kanalima S5 mm uzakhkta, 25° gogiis agisinda ve 15 cm derinlige gelecek sekilde
pozisyonlandirilmigtir. Simiilasyonda ti¢ farkli ¢alisma hizi belirlenmistir. Bu hizlar ASAE D497.5 (2006) de verilen
degerler dikkate alinarak 1.5, 2.5 ve 3.5 m s?olarak belirlenmistir. Mesh islemi yapilirken ug demirleri igin TET10
dort yiizlii hacim elemani kullanildi. Bu elemanin her bir diigiim noktasi 3 serbestlik derecesine sahip olup liggen
prizma seklinde bir elemandir. Ug demiri gibi kavisli ve girintili-gikintili sekle sahip modeller igin gelistirilmis bir
elemandir. Toprak kanali mesh yapilirken topragin islenecegi bolge daha kiiciik parcalara ayrilirken, disa dogru
kisimlar bilyiik pargalara ayrilarak hem g¢aligmanin hassasiyeti yiikseltildi hem de ¢dziim siiresi miimkiin oldugunca
kisaltilmaya caligildi (Sekil 4). Toprak kanali mesh yapilirken HEX20 alt1 yiizlii hacim elemani kullanildi. Calismada
toprak kanali eleman sayis1 6000 ve nod sayisi 27111 idi. Ug demiri eleman sayisi ise u¢ demirinin sekline bagh
olarak minimum eleman sayis1 354 ve nod sayis1 878 idi. Mesh kalitesi ortalama 0.87 olarak belirlendi. Ortalama
aspect ratio oran1 3.24 ve ortalama skewness degeri 0.028 olarak bulunmustur. Bu degerler mesh kalitesinin iyi
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oldugunu gostermektedir.

Sinir sartlar1 verilirken toprak kanalimin yan, alt ve ug¢ demirinin kargisindaki kenar sabitlendi. U¢ demiri-toprak
slirtinme katsay1si olarak 0.3 alind1.

0175 0525

Figure 4. Mesh processing
Sekil 4. Mesh isleminin yapilmast
3. Arastirma Sonuclari ve Tartisma
3.1. Ceki kuvveti iizerine hizin etkisi

Sekil 5 (a, b, c ve d) de 1.5 m s?ilerleme hizinda sirast ile 0.0293 s, 0,0410 s, 0.05 s ve 0,08 s araliklarndaki ug
demiri-toprak interaksiyonu gosterilmistir.

b

a) 0.0293 s b) 0,0410s
¢) 0.05s d) 0,08s

Figure 5. The cultivator share—soil interaction at different time intervals at a forward speed of 1.5 m s

Sekil 5. 1.5 m silerleme hizinda farkli zaman araliklarindaki u¢ demiri-toprak interaksiyonu
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Ug demirinin topraktaki hareketi kanal boyunca 0.8 m olarak smirlandirilmistir. Ug farkl ilerleme hiz1 igin
yiiritiilen simiilasyon g¢alismalarinda elde edilen ¢eki kuvveti-zaman degerlerine iliskin 6rnek grafik (Sekil 6)
incelendiginde ilk basta yiiksek bir ¢eki kuvveti goriilmekte daha sonra bu deger azalmaktadir.

u-

Verilerin alindidi bolge

Ceki kuvveti (kN)
L e

[

0 0.1 0,2 0,3 0.4 0.5
Simiilasyon siiresi(s)

Figure 6. Example graph of draft force-time values obtained from simulations
Sekil 6. Simiilasyonlardan elde edilen ¢eki kuvveti-zaman degerlerine iliskin ornek grafik

Bunun sebebi u¢ demirinin toprak kanalina 5 mm uzakta konumlandirilmis olmasidir. Hizla topraga giren ug
demiri yiiksek bir ¢eki kuvvetine neden olmus daha sonra bu deger azalarak normal ¢aligma hizindaki ¢eki kuvveti
degerine ulasmigtir. Bu sebeple elde edilen ¢eki kuvveti degerlerini bulmak icin baslangigtaki bu ani ¢eki kuvveti
degerleri ihmal edilerek sekilde gosterildigi gibi belirlenen zaman arahigindaki c¢eki kuvveti degerleri dikkate
alinmugtr.

Diiz ug demiri ile farkli hizlarda elde edilen ¢eki kuvveti degerleri Sekil 7. de verilmistir.

2,0
y=0,4818x+0,2142
16 R?=0,9953
g 12
=] b
(7}
2 /
5 08 S
= 4 P
=
[}
(&4
0,4
0,0
15 2,5
ilerleme hizi (m/s)
I Ceki kuvveti (kN) —=Dogrusal (Ceki kuvveti (kN))

Figure 7. Draft force values obtained at different forward speeds with the flat cultivator share

Sekil 7. Diiz u¢ demiri ile farkl ilerleme hizlarda elde edilen ¢eki kuvveti degerleri

Bu ug demiri ile elde edilen en kiigiik ceki kuvveti degeri 1.5 m s?ilerleme hizinda 0.68 kN olarak belirlenirken
en biiyiik ceki kuvveti degeri 3.5 m s?ilerleme hizinda 1.64 kN olarak belirlenmistir. Ilerleme hmzndaki artis ¢eki
kuvveti degerlerinde artisa neden olmustur. Benzer etki diger u¢ demirlerinde de goriilmiistiir. Sivri u¢ demirinde 1.5
m s ilerleme hzinda elde edilen geki kuvveti degeri 0.52 kN olurken en yiiksek deger 3.5 m s?ilerleme hizinda bu
deger 1.40 kN olarak belirlenmistir (Sekil 8). Ilerleme hizinimn artmasi ile ceki kuvvetinin arttig1 goriilmiistiir. Catal ug
demiri ile elde edilen ¢eki kuvveti degerlerinin de ilerleme hiz1 ile arttifi goriilmiistiir (Sekil 9). Bu ug demirinde elde
edilen en diisiik geki kuvveti degeri 1.5 m s? ilerleme hizinda 0.39 kN olurken en yiiksek deger 3.5 m stilerleme
hizinda 1.08 kN olarak bulunmustur.
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2,0
1,6 y =0,4427x + 0,0812
R? =0,9991 -
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I Ceki kuvveti (kN) = Dogrusal (Ceki kuvveti (kN))

Figure 8. Draft force values obtained at different forward speeds with the pointed cultivator share

Sekil 8. Sivri u¢ demiri ile farkl ilerleme hizlarda elde edilen ¢eki kuvveti degerleri
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Figure 8. Draft force values obtained at different forward speeds with the fork-shaped cultivator share

Sekil 9. Catal u¢ demiri ile farkl ilerleme hizlarda elde edilen ¢eki kuvveti degerleri

Birgok ¢alismada toprak igleme aletlerinin ilerleme hizindaki artisin ¢eki kuvvetini artirdigi bulunmustur. Boydas
(2017) kanath g¢izel pullukta kullanilan kanatlarda farkli agiz yapilarinin ilerleme hizinin ve is derinliginin g¢eki
kuvveti iizerine etkisini belirledigi ¢caligmasinda ilerleme hizinin artmastyla 6zgiil ¢eki kuvvetinin arttigini bulmustur.
flerleme hizmin 0.12 m s* den 0.28 m s ¢ikmasi ile 6zgiil ceki kuvvetinin 0.88 N cm den 1.35 N cm? ye ¢ikmustir.
Elsheikha ve ark. (2021) farkli metallerden yapilmis ¢izel u¢ demirlerinin farkli ilerleme hizlarinda gostermis
olduklari ¢eki kuvveti degerlerini belirlemislerdir. Calismada 15 c¢m isleme derinliginde en diisiik ¢eki kuvveti 0.58
m s? ilerleme hizinda paslanmaz gelik malzemeden yapilmis u¢ demiri ile 0.76 kN olarak elde edilirken en yiiksek
ceki kuvveti 1 m s? ilerleme hizinda ayni u¢ demiri ile 1.23 kN olarak bulunmustur. {lerleme hizinin artmastyla ¢eki
kuvvetinin diger malzemelerden yapilmis ug¢ demirlerinde de ayni etkiyi gosterdigi belirlemiglerdir. Benzer olarak
ASAE D497.5 (2006) de toprak isleme aletlerinin ¢eki kuvvetinin belirlenmesi i¢in verilen analitik denklemde ¢eki
kuvvetinin hizin bir fonksiyonu olarak artti1 gosterilmistir. Yapilan arastirmalar gostermektedir ki ilerleme hizi
arttikca ceki kuvveti de artmaktadir. Ancak burada dikkat edilmesi gereken en dnemli konu hiz artisina bagli olarak
elde edilen ¢eki kuvvetinin artis degeridir. Calismada, u¢ demirlerinden elde edilen ilerleme hizi-¢ceki kuvveti
degerini gosteren dogrusal grafiklerin egimlerine bakildiginda diiz, sivri ve ¢atal u¢ demirlerinden elde edilen
dogrusal ¢izginin yatayla yaptig1 aginin sirastyla 25.64°, 23.74° ve 18.77° oldugu bulunmustur. Egim agisinin artmasi
bize u¢ demirinin hiza kars1 daha yiiksek bir tepki verdigini gostermektedir. Bu ise istenen bir durum degildir.
Toprak isleme aletlerinde hizin artmasina karsin ¢eki kuvvetinin daha az artmasi beklenir. Calismada goriilmektedir
ki en diisiik egim agis1 ¢atal u¢ demiri ile elde edilmis ve bu egim agistyla ¢atal u¢ demiri diger u¢ demirlerinden
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daha iyi bir performans saglamistir.
3.2. Agiz yapisinin ¢eki kuvvetine etkisi

Yapilan simiilasyonda elde edilen sonuglar agiz yapisindaki geometrik farkliligin ¢eki kuvvetini degistirdigini
gostermistir (Sekil 10).
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Figure 10. The effect on the draft force of the cultivator share with different mouth structures depending on the
forward speed

Sekil 10. Farkl agiz yapisina sahip u¢ demirlerinin ilerleme hizina bagh olarak ceki kuvveti iizerine etkisi

Catal u¢ demirinin ayni hizda ve sartlarda sivri u¢ demiri ve diiz u¢ demirinden daha diisiik bir ¢eki kuvveti
gerektirdigi goriilmiistiir. Sivri u¢ demirinin de diiz u¢ demirinden daha diisiik ¢eki kuvveti degerleri gostermistir. 1.5
m s? ilerleme hizinda diiz u¢ demiri, catal u¢ demirinden %74.35, 2.5 m s?ilerleme hizinda %19.24 ve 3.5 m s?
ilerleme hizinda %34.78 daha yiiksek bir ¢eki kuvveti meydana getirmistir. 1.5 m s? ilerleme hizinda sivri ug demiri,
catal u¢ demirinden %33.33, 2.5 m s?ilerleme hizinda %28.94 ve 3.5 m s*ilerleme hizinda %29.62 daha yiiksek bir
¢eki kuvveti meydana getirmistir. Gortilmektedir ki u¢ demiri kesme agzindaki geometrik degisim ¢eki kuvvetinin
artmasma veya azalmasina yol agmustir. Yapilan birgok bilimsel ¢aligmada, toprak isleme aletlerinin geometrik
yapilarinin degistirilmesi ¢eki kuvvetini 6nemli derecede etkiledigi belirlenmistir. Salar ve ark. (2021) bir kanath
cizel pullugun kanat agisindaki degisimin ¢eki kuvvetini dnemli derecede degistirdigini bulmustur. Yapmis olduklar
calismada kanata verilen yatay (10°, 20°, 30°) ve dikey (7.5°, 15°, 22.5°) agilarin sirasiyla 4.53 kN, 4.74 kN, 5.50 kN,
4.67 kN, 4.87 kN, 5.23 kN’ luk ¢eki kuvvetleri meydana getirmistir. Boydas (2017) ¢izel pullukta kullanilan farkli
kanat agiz yapilarinin 6zgiil ¢eki kuvvetini 6nemli diizeyde degistirdigini bulmustur. Caligmada diiz ag1z yapisina
sahip kanatta en yiiksek 6zgiil geki kuvvetinin 1.25 N cm oldugu belirlenirken en diisiik 6zgiil ¢eki kuvvetinin 1.03
N cm? oldugu belirlenmistir. Raper (2005) egrisel ve diiz cizel pulluk ayaginm ceki kuvveti degerlerini
karsilastirmigtir. Caligmada egri ayagin diiz ¢izel ayaktan daha yiiksek ¢eki kuvveti meydana getirdigini bulmustur.

4. Sonuc¢

Sonlu elemanlar yontemi kullanilarak yapilan bu simiilasyon ¢alismasi sonucunda farkli agiz yapisina sahip ug
demirlerinin ¢eki kuvveti lizerine onemli bir etkiye sahip oldugu goriilmiistiir. Catal seklinde agiz yapisina sahip ug
demirinin diiz ve sivri u¢ demirinden daha diisiik ¢eki kuvveti meydana getirdigi ve ilerleme hizindaki artistan daha
az etkilendigi belirlenmistir. Yapilan aragtirmalarda catal seklinde agiz yapisina sahip u¢ demirine uygulamada
rastlanmamus fakat bu agiz yapisina benzer nitelikte ug demiri tipleri goriilmiistiir. Bu tip u¢ demiri tizerine yapilacak
olan daha fazla ¢aligma ile kiiltivator ¢eki kuvvetinin 6nemli diizeyde azaltilabilecegi diisiiniilmektedir.

Tesekkiir

Bu c¢alismanin yapilmasi i¢in kullanilan ANSYS yazilimmi Atatiirk iiniversitesi galiganlarimin hizmetine sunan
Atatiirk Universitesi’ne tesekkiir ederim.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Determination of the Effect of Different Irrigation Regimes on Some Quality Properties
of Cucumber

Hiyarin Bazi1 Kalite Ozellikleri Uzerine Farkli Sulama Rejimlerinin Etkisinin Belirlenmesi

Harun KAMANY, Omer OZBEK?, Ersin POLAT?
Abstract

This study aimed to examine the effects of varying levels of deficit irrigation applied through partial root drying
(PRD) and conventional deficit irrigation on some parameters of cucumber plant such as fresh and dried biomass,
plant stem diameter, number of leaf, fruit length, fruit diameter, fruit weight, water soluble dry matter (WSDM).
Seven irrigation treatments (D175, APRD75, FPRD75, D150, APRD50, FPRD50) were examined together with
the control treatment (FULL). The irrigation water of the treatments DI75, APRD75 and FPRD75 are 25% less
than the FULL treatment. The irrigation water of the DI50, APRD50 and FPRD50 treatments is 50% less than the
FULL treatment. DI75 and DI50 are traditional deficit irrigation applications in which both sides of the plant root
zone are wetted. In APRD75 and APRD50 treatments, one half of the plant root zone is wetted and the other half
is left dry and the wet/dry parts are switched in each irrigation application. In FPRD75 and FPRD50 treatments,
one half of the plant root zone is wetted and the other half is left dry for a fixed period during the entire season. It
has been revealed that 25% and 50% water deficit levels affect the amount of biomass as a result of the application
of conventional deficit irrigation and partial root drying (PRD) techniques when compared to the FULL treatment.
However, it has been found that the parameters such as plant stem diameter, fruit length, fruit diameter, fruit weight
and WSDM are not affected. When the results obtained in the research are evaluated; it has been observed that
water application techniques (DI, APRD, FPRD) have a significant effect on both plant development and yield
when the same amount of water is given. As irrigation water constraint increases, the yield has been found to
decrease. However, the decrease in the amount of irrigation water and the decrease in yield have not been the same.
Research aiming to save irrigation water is increasingly important, especially in arid and semi-arid regions where
water is scarce and expensive. In this regard, the fact that the decrease in yield remains smaller than the rate of
decrease in irrigation water can be seen as an advantage of PRD treatments.

Keywords: Drip irrigation, Deficit irrigation, Partial root drying, Biomass, Fruit diameter, Fruit weight.
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Oz

Bu arastirmada; farkli kisintili sulama suyu diizeylerinin geleneksel kisintili sulama ve yari 1slatmali sulama
teknikleriyle uygulanmasi sonucu hiyar bitkisinde taze ve kuru biyokiitle, bitki gdvde ¢api, yaprak sayisi, meyve
boyu, meyve ¢api, meyve agirligi, suda ¢oziinebilir kuru madde gibi kalite parametrelerine etkilerinin belirlenmesi
amaglanmigtir. Kontrol konu (Tam sulama) ile birlikte yedi sulama (D175, APRD75, FPRD75, D150, APRD50,
FPRD50) konusu ele alinmistir. DI75, APRD75 ve FPRD75 konularinin sulama suyu Tam sulama konusuna
kiyasla 25% daha azdir. DI50, APRD50 ve FPRD50 konularinin sulama suyu ise Tam sulama konusuna kiyasla
50% daha azdir. DI75 ve DISO bitki kdk bdolgesinin her iki tarafinin 1slatildigi geleneksel kisintili sulama
uygulamalaridir. APRD75 ve APRDS50 konularinda bitki kok bolgesinin gorece olarak bir yarisinin 1slatilip diger
yarsinin kuru birakildigi ve 1slak/kuru kisimlarin her sulamada yer degistirildigi uygulamadir. FPRD75 ve FPRD50
konularinda tiim sezon boyunca sabit bir sekilde bitki kok bolgesinin gorece olarak bir yarisinin 1slatilip diger
yarsinin kuru birakildigi uygulamadir. Tam sulama konusuna kiyasla %25 ve 50% su kisintisi seviyelerinin
geleneksel kisintili sulama ve yari islatmali sulama teknikleriyle uygulanmasi sonucu biyokiitle miktarini
etkiledigi ortaya cikmistir. Ancak, bitki govde ¢api, meyve boyu, meyve ¢api, meyve agirligt ve suda ¢oziinebilir
kuru madde parametrelerini etkilemedigi belirlenmistir. Aragtirmada elde edilen sonuglar degerlendirildiginde; su
uygulama tekniklerinin (DI, APRD, FPRD) ayni miktarda su verildigi sartlarda hem bitki gelisimine hem de
verime 6nemli etkisi oldugu goriilmiistiir. Sulama suyunun kisint1 diizeyi artik¢a verimde azalma saptanmustir.
Ancak, sulama suyu miktarindaki azalis ile verimdeki diisme orani ayni olmamistir. Sulama suyundan tasarruf
saglamaya yonelik arastirmalar 6zellikle suyun kit ve pahali oldugu kurak ve yari kurak bolgelerde 6nemini
gittikce artirmaktadir. Bu baglamda, verimdeki diisiis sulama suyundaki azalma oranindan daha kiigiik kalmasi
PRD konularinin bir avantaji olarak goriilebilir.

Anahtar Kelimeler: Damla sulama, Kisitili sulama, Kismi kok kurulugu, Biyokiitle, Meyve ¢ap1, Meyve agirhgi
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1. Introduction

Cucumber is produced in 135 countries, mainly in China. Cucumber production in the world was 87805086
tons in 2019, followed by China with 70288130 tons, Turkey with 1916645 tons and Russia with 1626360 tons in
the top three countries in production (FAO, 2021). Cucumber is produced in every region in Turkey, especially in
the Mediterranean and Aegean regions, and the total production of cucumber in 2017 was 1827782 tons. 1687927
tons of this production is classified into two categories as table cucumber and gherkin, and about 61% of cucumber
production is done in greenhouses (Yagcioglu, 2018). The amount of table cucumber production in Turkey in 2021
was 1696520 tons. 40346 tons of this production took place in a low tunnel, 249975 tons in a glass greenhouse,
754754 tons in a plastic greenhouse, 124976 tons in a high tunnel, and 441163 tons outdoor (Anonymous, 2022).
Cucumber is one of the most important vegetables grown in greenhouses and is the second most vegetable species
grown in greenhouses after tomato in Turkey. Cucumber is a plant that requires more technical knowledge and
experience when produced in a greenhouse compared to other vegetables. Together with this, when the cultivation
technique is applied properly and the necessary environmental conditions are ensured, higher yields and profits
can be obtained in cucumber production compared to other greenhouse vegetables (Yiicel Engindeniz, 2017). In
recent years, the effect of many different applications on the yield and quality characteristics of cucumber in
Turkey has been studied. Soylemez et al. (2020) examined the effect of different irrigation levels on yield and
some quality characteristics in perlite and coco peat environments. Akin et al. (2020) examined the effect of
mycorrhiza application and different irrigation levels on yield and yield components in cucumber. Tarak¢ioglu
(2017) introduced new ways in plant cultivation in environments with soil pollution and emphasized the
importance of deficit irrigation and fertilization-related studies. Dursun et al. (2017) conducted a study on
cucumber fertilization and examined the effect of different doses of fertilizer applications on cucumber yield.

One of the most important factors affecting the yield and quality of crop production in Turkey and around the
world is the use of appropriate amounts and good quality irrigation water. However, water resources are under
significant threat due to irregularities in rainfall regimes and human-caused damage. This threat, therefore, affects
the sustainability of agricultural production. Thus, it is becoming important to use the irrigation water in agriculture
most efficiently. In recent years, some studies have been conducted on cucumber irrigation; Bozkurt and Sayilikan
Mansuroglu (2017) examined the effect of a subsurface drip irrigation system in which the laterals are placed at
different depths on cucumber yield; Turhan et al. (2015) examined the effect of different salinity levels applied to
cucumber plants on yield and fruit characteristics; Kirbay and Ozer (2015) investigated the effect of different
shading applications on cucumber yield and quality.

It is highlighted that Turkey is one of the countries at the risk of the possible effects of global warming, while
the Mediterranean and Central Anatolia regions may be more affected by climate change. Reducing the negative
effects of agricultural drought can be possible with measures and proper planning. Therefore, the measures to be
taken before the drought and steps to be taken during the drought should be planned separately. Although it is not
possible to increase the amount and improve the quality of water resources by interfering in the amount and time
of rainfall, it is possible to reduce the negative effects caused by drought (Kapluhan, 2013). For example,
increasing the efficiency of water use in agricultural irrigation may be the most important way. In order to increase
the efficiency of water use in agricultural irrigation, different types of deficit irrigation applications could be
considered. Many studies have also been conducted in Turkey on deficit irrigation (for example; Azder et al., 2020;
Gogmen and Erdem, 2019; Ali et al., 2021). In general, the studies conducted by Azder et al. (2020) and Ali et al.
(2021) were about the amount of irrigation water applied affects the reactions of plants.

In contrast to traditional deficit irrigation, another application of deficit irrigation is the partial root drying
(PRD) technique. Water loss is less in the leaves of plants grown under the PRD technique and their stomata are
relatively closed (Zhang et al., 1987; Davies and Zhang, 1991; Davies et al., 1994). This study aimed to determine
the changes in biomass, yield and fruit quality in cucumber under deficit and optimal irrigation practices. This
research aimed to identify the effects of varying deficit irrigation levels through the application of different
irrigation levels by conventional deficit irrigation and partial root drying (PRD) techniques on the parameters of
the cucumber plant, such as biomass, plant stem diameter, fruit length, fruit diameter, fruit weight and water
soluble dry matter (WSDM).
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2. Materials and Methods
2.1. Study and characteristics

This research was carried out in two different greenhouses in the Research and Application Area of the Faculty
of Agriculture of Akdeniz University in 2011 and 2012. The greenhouse was designed with a size of 16x60 m,
which is widely used in Turkey and is established in a north-south direction. The height of the research area is 54
m above sea level (Anonymous, 1998). Summers are hot and dry, winters are warm and rainy in the research area
where the Mediterranean climate prevails. January is the coldest month with an average annual temperature of
9.2°C, the average annual temperature is 18.0°C, and July is the hottest month with an average annual temperature
0f 28.2°C in Antalya. The average annual proportional humidity is 63%, the average total precipitation is 1063.5
mm, and the average total evaporation is 1886.3 mm (Anonymous, 2000). The soil type of the research area is the
Golbasi series. Golbagi series, which is developed on massive travertines, is included in the Entisol ordo because
they are young soils that do not show much profile development. All profiles of the soils of this series, which have
an AC horizon and are very young, have a clay-tin texture. They are located in almost flat and almost-flat
topographies (Sar1 et al., 1993).

2.2. Plant material

Deltastar F1 — hybrid cucumber species were used in the study. This type is a multi-cucumber type, the fruits
of which are of high quality and homogeneous, have a long shelf life, are suitable for cultivation in the late autumn
and early spring.

2.3. Irrigation implementation and research planning

Irrigation applications were carried out by drip irrigation method. The seven treatments used in the study are:
(1) FULL, traditional control treatment applied without any water deficit in the irrigation water that plant needs
and it was calculated according to the Class-A evaporation pan; (2) DI75, traditional deficit irrigation in which
75% of the amount of water that was applied to the FULL treatment to both sides of the plant roots; (3) DI5O0,
traditional deficit irrigation in which 50% of the amount of water that was applied to the FULL treatment to both
sides of the plant roots; (4) APRD75, 75% of the amount of water applied to the FULL treatment was applied and
irrigated sides of the root zone were alternated every irrigation; (5) APRD50, 50% of the amount of water applied
to the FULL treatment was applied and irrigated sides of the root zone were alternated every irrigation; (6)
FPRD75, 75% of the amount of water applied to the FULL treatment was applied to the same half of the plant root
through the irrigation season, (7) FPRD50, 50% of the amount of water applied to the FULL treatment was applied
to the same half of the plant root through the irrigation season.

The irrigation treatments examined in the study were placed in the greenhouse in a random way and 3 replicates.
Seedlings were planted into the soil according to the random parcel experimental design. The planting process of
the cucumber was carried out leaving 50 cm- of space between plants on the same line and 80 cm-space between
lines. There were 16 plants in each line and a total of 5 lines in each irrigation treatment. Harvesting was carried
out from 14 plants, generally from an iteration of each treatment, taking into account the edge effect. Watering
was planned to be once a week at fixed intervals until flowering, and twice a week from the time of fruit set to the
final harvest. A-Class evaporation container was placed in the greenhouse and the amount of irrigation water
applied to the control (FULL) treatment was calculated with the help of the following Equation (1) using
evaporation measurements taken from this (Kirda et al., 2004; Kaman et al., 2006).

I=KxEp (Eq. 1)

In equation: | refers to the irrigation water (mm); K refers to the coefficient of vegetation cover; Ep refers to
the total evaporation (mm) from the Class-A evaporation container corresponding to the irrigation intervals.

100 mg IY, 30 mg I'* and 200 mg I of nitrogen, phosphorus and potassium fertilizers, respectively were applied
in line with the data obtained from the research results and the manufacturer's practices in the region, which are
considered necessary for the cucumber plant (Kirda and Baytorun, 1999).

2.4. Observations and measurements made on plants and fruits

In order to determine potential changes in the plants and fruits under different irrigation practices in the research,
the parameters of fresh and dried biomass, plant stem diameter, number of leaf, fruit length, fruit diameter, fruit
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weight, water soluble dry matter (\WSDM) were observed and measured.

Biomass measurements were made by cutting plants in 3 replicates, one from each iteration of each treatment.
This process continued from the beginning of the irrigation until the final harvest date. In the calculation of biomass,
the cut plants were divided into stem, leaf and fruits and kept in the drying oven at 65°C until they reached a
constant weight. Then, the amount of biomass on the soil was calculated by weighing and averaging the dried
samples.

Stem diameter measurements were made before starting irrigation applications, six plants (six replicates) were
marked from each treatment to represent each treatment during the whole season.

Fruit length, fruit diameter and fruit weight were measured/weighed at each harvest and monitored throughout
the season.

Apart from the difference in the level of irrigation water and the way of applying irrigation, fertilization,
pruning, spraying, etc. were made equally. Therefore, parameters such as fruit length, fruit diameter, fruit weight,
water soluble dry matter (WSDM) in cucumber plants were affected only by the level of irrigation water applied
and how it was applied.

The data obtained from the study were subjected to variance analysis according to the random parcel
experiential design pattern, and the data with a statistical difference in the averages were evaluated at a 5%
significance level using the Tukey multiple comparison test.

In addition, more detailed information regarding the material and method of the research could be seen in the
publication by Kaman et al. (2022).

3. Results and Discussion

The change between the yield values obtained in the study was found to be significantly different at Tukey's
5% level (Kaman et al., 2022). The 25% less irrigation water of the control treatment (FULL) was applied to the
treatments of DI75, APRD75 and FPRD75, and similarly, the 50% less was applied to the treatments of DI50,
APRD50 and FPRD50. The amount of irrigation water applied to the treatments covered in the study ranged
between 152 mm and 217 mm in the first season and between 89 mm and 148 mm in the second season (Kaman
etal., 2022). Yield values were found to have changed between 12267 kg da™* and 18810 kg da! in the first season,
and ranged between 10001 kg da* and 19168 kg da* in the second season. In the first season of the study, FPRD50
and DI50 treatments were the treatments with the lowest efficiency among irrigation applications, while in the
second season, DI50 treatment was the treatment with the lowest efficiency.

3.1. Fresh and dried biomass

Changes in total fresh and dried biomass of the irrigation treatments examined at the end of the first and the
second seasons are given in Figure 1 and Figure 2, respectively. Additionally, for first season, the detailed
variation of the plant's fresh and dried biomass, including stem, leaf, fruit, blooming and unblooming flower, can
be seen in Figure 3. In general, the biomass value tends to decrease numerically in the treatments with a 50%
water deficit, while pruning operations applied during the season in all treatments also led to decreases in biomass
values. During the plant development season, biomass values varied from treatment to treatment depending on
plant development and leaf pruning. In general, the values of parameters of the fresh and dried biomass were
decreased as expected at the time of pruned (Figure 1, Figure2, Figure 3).

Similarly, when the biomass values of the general average were examined, the APRD50 and FPRD50
treatments were found to be the treatments with the lowest biomass average compared to the control FULL
treatment, which applied no water deficit. However, there was no statistically significant difference between other
irrigation treatments and FULL treatment in terms of biomass values. Hossain et al. (2018) conducted research
and found that varying irrigation levels affected the biomass of cucumber. It has been reported that as the irrigation
water applied to the cucumber decreases, the fruit yield and the amount of biomass decreased significantly
(Bozkurt and Sayilikan Mansuroglu, 2017; Ali et al., 2020; Parkash et al., 2021). Abd EIl-Mageed et al. (2018)
explained that there is a strong relationship between the compound effect of deficit irrigation and growing season
on biomass in cucumber. Similarly, it has been reported that there is a linear relationship between plant water
consumption and biomass in studies that applied deficit irrigation in maize plants (Eck, 1986; Payero et al., 2009;
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Djaman et al., 2013). It was found in another study in which the effects of water deficit applied in the varying
stages of the growth of tomato plant that the water deficit applied until the flowering period suppressed the biomass
significantly while the gradual water deficit applied after the flowering period had caused no significant loss in the
biomass.
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Figure 1. Changes in total fresh and dried biomass at the end of the season of irrigation applications for the
first season in the study.
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Figure 2. Changes in total fresh and dried biomass at the end of the season of irrigation applications for the
second season in the study.

3.2. Stem diameter

In detail, plant stem diameter change 5, 10 and 15 cm above the soil surface and on the soil surface in the first
season of the study can be seen in Figure 4. In the second season of the study, the change in the stem diameter on
the soil surface was given in Figure 5. In the first season, the stem diameter values measured in the soil surface
ranged between 10.8 and 16.7 mm (Figure 4). In the second season, the stem diameter values measured in the soil
surface ranged between 9.5 and 13.3 mm (Figure 5). The change between both years can be explained by the
difference in temperature values. The effect of irrigation treatments on plant stem diameter was found to be
statistically insignificant in both years of the study. Although the stem diameter values changed decimally between
the treatments, this change was found to be statistically insignificant. In some of the studies where the effect of
different irrigation treatments on stem diameter was examined, the effect of applications on stem diameter was
found to be significant, while in some of them it was found to be insignificant. For example, Sdylemez et al. (2020)
found that irrigation levels decreased in cucumber plants grown in perlite and coco peat environments and watered
at different irrigation levels (S1: 125%, S2: 100% and S3: 75%) and stem diameter values decreased significantly.
Cemek et al. (2005) reported that significant changes in stem diameter values were observed depending on the
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irrigation water and plant water consumption. In another study conducted by Bagak (2020) to examine the
application methods of prohexadione-calcium (Pro-We) on the growth of cucumber seedlings, it was found that
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Figure 3. Change of the plant's fresh and dried biomass, including stem, leaf, fruit, blooming and
unblooming flower for first season.
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Figure 4. Plant stem diameter change 5, 10 and 15 cm above the soil surface and on the soil surface in the
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Figure 5. Plant stem diameter change on the soil surface in the second season of the study.

Pro-Ca applications slightly increased the stem diameter except for the 100 and 200 ppm doses applied at the
seedling stage compared to the control plant; however, this increase was not found to be statistically significant.
In another study conducted by Demirsoy and Aydin (2020) to determine the effects of the use of additional light
sources to sunlight on the quality of cucumber (Beith Alpha F1) seedlings, it was reported that there was no
statistically significant difference in the stem diameter between the applied treatments.

3.3. Number of leaf

Changes in the number of plant leaf of the irrigation treatments examined in the study for the first and the
second season is given in Figure 6 and Figure 7, respectively. The change in the number of plant leaf was affected
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by the applied irrigation program. In general, the number of leaf increased at the beginning of the season until the
end of the season, as expected.

In general, the values of some parameters such as fresh and dried biomass, number of leaves were decreased
as expected at the time of pruned (Figure 1, Figure2, Figure 3, Figure 6, Figure 7).
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Figure 6. Number of leaf changes of the irrigation treatments examined for the first season in the study.
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Figure 7. Number of leaf changes of the irrigation treatments examined for the second season in the study.

3.4. Fruit length

The change in the fruit length for the first and second seasons of the study can be seen in Figure 8 and Figure
9, respectively. In the first season of the study, the fruit length was ranged between 15.9 - 21.8 cm, and in the
second season, it was ranged between 16.3 - 18.9 cm. In the analysis of variance conducted for fruit length values,
there was no statistically significant difference between irrigation treatments except for day 105 following the
planting. The results of the LSD test for day 105 are given in Table 1. There was no statistically significant
difference between the treatments of FULL, FPRD75, APRD50, D175 and FPRD50 in the fruit length. However,
the averages of these treatments were found to be higher than the DI50 treatment. In the FULL and FPRD75
treatments, the fruit length was found to be higher than in APRD75 and DI50 treatments (Table 1). In the second
season of the study, there was no statistical difference between irrigation treatments in terms of fruit length. In a
study conducted by Akin et al. (2020) to examine the effect of mycorrhiza application on yield and yield-related
components of cucumber plant under various irrigation levels, it was reported that the fruit diameter, fruit length
and fruit weight values ranged between 29-36 mm, 134-161 mm and 103-135 g, respectively. In addition, it has
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been reported that the effect of mycorrhiza and irrigation practices on fruit diameter, fruit length and fruit weight
is important (Akin et al., 2020).
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Figure 8. The change in the fruit length in the first season of the study.
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Figure 9. The change in the fruit length in the second season of the study.

Table 1. The LSD test result of the fruit length for the 105™ day after transplanting in the first season of
the study (a=0.05).

Treatment Fruit length
FULL 20.66A
DI75 19.28AB
APRD75 18.58B
FPRD75 20.51A
DI50 16.72C
APRD50 19.36AB
FPRD50 19.10AB
Least Significant Difference 1.6721 1.67

3.5. Fruit diameter

The change in the fruit diameter for the first and second seasons of the study is given in Figure 10 and Figure
11, respectively. The fruit diameter was found to have ranged between 3.3-3.9 cm in the first season and 3.0-4.1
cm in the second season. In the analysis of variance conducted for fruit diameter values, no statistical differences
were found between the treatments.
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Figure 10. The change in the fruit diameter for the first season of the study.
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Figure 11. The change in the fruit diameter for the second season of the study.
3.6. Fruit weight

The change in the fruit weight for the first and second seasons of the study can be seen in Figure 12 and Figure
13, respectively. The fruit weight ranged between 133.2 — 206.3 g in the first season and 108.8 — 194.9 g in the
second season. There was no statistically significant difference in the analysis of variance for the first season. In
the second season, the fruit weight values on day 105 following the planting were found to be statistically
significant (p=0.0078). The results of the LSD test are given in Table 2. When the fruit weight LSD results were
examined, there was no statistical difference between FPRD75 and FULL treatments. However, the treatment of
FPRD75 had a higher fruit weight value than the treatments of APRD75, FPRD50, APRD50, DI50 and DI75
(Table 2).

In the study, the effect of irrigation treatments on fruit length, fruit diameter and fruit weight in general (except
for the fruit length on day 105 following the planting in the first season, fruit weigh on the day 105 in the second
season after planting) were found to be not significant. Bozkurt and Sayilikan Mansuroglu (2017) reported that
there is no statistically significant difference between the applied treatments in terms of fruit weight in cucumber
irrigated at different levels with a subsurface drip irrigation system. Ali et al. (2020) reported that as the water
deficit rate increases in the cucumber plant, the fruit length and weight decrease. These research results are
generally similar to those of this study.
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Figure 12. The change in the fruit weight for the first season of the study.
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Figure 13. The change in the fruit weight for the second season of the study.

Table 2. The LSD test result of the fruit weight for the 72, 105 and 121% day after transplanting in the
second season of the study (a=0.05).

Day after transplanting

Treatment 72 105 121

FULL 159.3 131.5AB 194.9
DI75 148.4 108.8B 154.8
APRD75 154.6 128.2B 189.7
FPRD75 158.8 154.2A 173.7
DI50 155.6 117.4B 177.6
APRD50 131.9 120.5B 164.9
FPRD50 150.6 121.1B 152.2
Least Significant Difference N.S. 25.95 N.S.

3.7. Water soluble dry matter (WSDM)

The rates of water soluble dry matter (WSDM) for the first and second seasons of the study is given in Figure
14 and Figure 15, respectively. The rates of water soluble dry matter (WSDM) ranged between 2.7 and 3.9% in
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the first season. Except for day 97 in the first season after planting, there was no statistically significant difference
between irrigation treatments in the second season WSDM measurements. The WSDM values in the first season
on the day 97 after planting were found to be higher in the treatments where 50% irrigation deficit was applied
and FPRD75 treatments than the other treatments. Dasgan et al. (2013) reported that WSDM values ranged
between 3.62 — 4.12% in cucumber plants grown under the partial root drying (PRD) technique. Ali et al. (2020)
reported that as the water deficit increases in cucumber plants grown through different irrigation levels and
different doses of biofuel, the rate of WSDM increases in the fruit. These research results are generally similar to
those of this research.
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Figure 14. The rates of water soluble dry matter (WSDM) for the first season of the study.
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Figure 15. The rates of water soluble dry matter (WSDM) for the second season of the study.

4, Conclusions

Apart from the irrigation water level and the application methods used in the study, all agricultural operations
such as fertilization, pruning, spraying, etc. were the same in the whole study. For this reason, in the study aimed
to examine the effects of varying levels of deficit irrigation applied through partial root drying (PRD) and
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conventional deficit irrigation on some parameters of cucumber plant such as fresh and dried biomass, plant stem
diameter, number of leaf, fruit length, fruit diameter, fruit weight, water soluble dry matter (WSDM).

It was revealed that 25% and 50% water deficit levels applied through conventional deficit irrigation and partial
root drying (PRD) techniques affected the amount of biomass when compared to the FULL treatment. In general,
the values of some parameters such as fresh and dried biomass, number of leaves were decreased as expected at
the time of pruned.

It was found that it did not affect the parameters such as plant stem diameter, fruit length, fruit diameter, fruit
weight and WSDM. When the results obtained in the study were evaluated, it was seen that water application
techniques (DI, APRD, FPRD) had a significant effect on both plant development and yield when the same amount
of water was given.

As the level of irrigation deficit increases, a decrease in yield was observed. However, the decrease in the
amount of irrigation water and the decrease in yield had not been the same.

Research aiming to save irrigation water is increasingly important, especially in arid and semi-arid regions
where water is scarce and expensive. In this regard, the fact that the decrease in yield remains smaller than the rate
of decrease in irrigation water can be seen as an advantage of PRD treatments.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Determination of Macro, Micro Element and Heavy Metal Contents of Astragalus Taxa
Collected from Nature

Dogadan Toplanan Astragalus Taksonlarmin Makro, Mikro Element ve Agir Metal
Iceriklerinin Belirlenmesi

Erdal CACANY", Omer KILIC?, Kagan KOKTEN?
Abstract

The aim of the research is to determine the macro (Ca, Mg, P and K), micro (Fe, Mn, Cu, Zn and Be) element and
heavy metal (Al, Cr, Ni, Se and Cd) contents of some Astragalus taxa collected from nature. Nine Astragalus taxa
(Astragalus gummifer, A. compactus, A. lineatus var. longidens, A. aureus, A. onobrychis, A. declinatus, A. lineatus
var. lineatus, A. oocephalus subsp. stachyophorus, A. inereus) collected from the natural areas of Bingdl province
were used as the plant material of the research. Astragalus taxa were collected from the central villages of Bing6l
province in June 2018, during the flowering period of the plants. Macro, micro element and heavy metal contents
of the collected and dried plant samples were determined with the help of NIRS (Near Infrared Spectroscopy) and
ICP-MS (Inductively Coupled Plasma - Mass Spectometry) devices. As a result of the analysis, the average Ca
content of Astragalus taxa was determined as % 1.63, Mg content % 0.36, P content % 0.27, K content % 1.49, Fe
content 2436 mg kg, Mn content 153.7 mg kg™, Cu content 84.5 mg kg, Zn content 14.08 mg kg, Be content
0.10 mg kg, Al content 2535 mg kg, Cr content 7.67 mg kg, Ni content 9.99 mg kg and Se content 2.19 mg
kg™. In general, the highest Ca, Mg, Fe, Mn, Al, Cr and Ni contents were determined in A. declinatus, the highest
P and K contents were determined in A. oocephalus subsp. stachyophorus, the highest Cu content was determined
in A. cinearus, the highest Zn content was determined in A. lineatus var. longidens, the highest content Be was
determined in A. gummifer and the highest Se content was determined in A. compactus. Cd content could not be
detected in any Astragalus taxa. As a result of the study, it was concluded that Astragalus taxa, which are abundant
in the natural flora of our country, can be used as a source of roughage in animal nutrition and can meet the macro
and micro element needs of animals.
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Oz

Bu calisma dogal alanlardan toplanan bazi Astragalus taksonlarinin makro (Ca, Mg, P ve K), mikro (Fe, Mn, Cu,
Zn ve Be) ve agir metal (Al, Cr, Ni, Se ve Cd) igeriklerinin belirlenmesi amaciyla yiriitiilmiistir. Bing6l ili dogal
alanlarindan toplanan dokuz adet Astragalus taksonu (Astragalus gummifer, A. compactus, A. lineatus var.
longidens, A. aureus, A. onobrychis, A. declinatus, A. lineatus var. lineatus, A. oocephalus subsp. stachyophorus,
A. inereus) aragtirmanin bitkisel materyali olarak kullanilmistir. Astragalus taksonlar1 2018 yilinin haziran ayinda,
bitkilerin ¢igeklenme doneminde Bingdl ilinin merkez kdylerinden toplanmistir. Toplanip kurutulan bitki
orneklerinin makro, mikro element ve agir metal icerikleri NIRS (Near Infrared Spectroscopy) ve ICP-MS
(Inductively Coupled Plasma - Mass Spectometry) cihazlari yardimiyla belirlenmigtir. Analizler sonucunda
Astragalus taksonlarinin ortalama Ca igerigi % 1.63, Mg igerigi % 0.36, P icerigi % 0.27, K igerigi % 1.49, Fe
igerigi 2436 mg kg, Mn igerigi 153.7 mg kg%, Cu igerigi 84.5 mg kg'l, Zn igerigi 14.08 mg kg1, Be igerigi 0.10
mg kg2, Al icerigi 2535 mg kg™, Cr icerigi 7.67 mg kg™, N icerigi 9.99 mg kg™ ve Se icerigi 2.19 mg kg™ olarak
belirlenmistir. Genel olarak en yiiksek Ca, Mg, Fe, Mn, Al, Cr ve Ni icerikleri A. declinatus, en yiiksek P ve K
icerikleri A. oocephalus subsp. stachyophorus, en yiiksek Cu igerigi A. cinearus, en yiiksek Zn igerigi A. lineatus
var. longidens, en yiiksek Be icerigi A. gummifer ve en yiiksek Se icerigi de A. compactus taksonunda tespit
edilmistir. Astragalus taksonlarinda Cd igerigi tespit edilmemistir. Calisma sonucunda, Ulkemiz dogal florasinda
bol miktarda bulunan Astragalus taksonlarimin hayvan beslemede kaba yem kaynagi olarak kullanilabilecegdi ve
hayvanlarin makro ve mikro element ihtiyacini karsilayabilecegi sonucuna varilmistir.

Anahtar kelimeler: Astragalus sp., Makro elementler, Mikro elementler, Mineraller, Agir metaller.
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1. Introduction

Plants are very important because of their nutritional worth, and they have always been a primary source of
medicines throughout human history. Herbal supplements, botanicals, nutraceuticals, and medication formulations
account for 30 to 40% of today's conventional pharmaceuticals used in the medicinal and curative characteristics
of various plants (Schulz et al., 2001). Essential metals and minerals are important and play a unique role in the
structuring of living systems' functional and structural integrity (Wadhwa, 2015).

The genus Astragalus L. is a member of the Fabaceae (Leguminosae) family, Leguminosae which is one of
the largest plant families on earth and second big family after Asteraceae. Many Astragalus L. taxa have high
medicinal and economic values. This genus is the biggest genus in the world in terms of number of species, this
genus is represented more than 2700 annual or perennial taxa in the World (Podlech and Zarre, 2013); in Turkey,
Astragalus is represented more than 470 taxa with about 50% endemism ratio (Aytac et al., 2012; Ekici et al.,
2015; Donmez and Aydin, 2018).

The taxa of Astragalus have a broad spectrum of usages. Many Astragalus taxa are helpful as forage plants, to
management erosion, as medicinal plants or as ornamentals; besides some Astragalus taxa have a wide range of
applications in pharmaceuticals, as thickening agents in foods, and may have applications in controlling cancer
cells. Some of Astragalus taxa used as feed for animals, as fuel and they are indicator plants for selenium.

The literature also shown that the majority of edible gum derived from the Astragalus genus has a wide range
of uses in the pharmaceutical, cosmetic, and food industries (Verbeken et al., 2003; Jani et. al., 2009; Azarikia and
Abbasi, 2010; Gorji et al., 2011; Nejatian et al., 2013). Some Astragalus taxa are used as animal feeds, medications
and pharmaceuticals, erosion control, bee pastures, dye and textile industries (Gruenwald et al., 1998). Astragalus
taxa are often grazed by ruminants in steppes with low precipitation levels and Alpines with cold temperatures.
The literature shows that, some Astragalus taxa has antioxidant, hepatoprotective, anti-inflammatory, antitumor,
anti-fatigue, anticancer, antiviral, antibacterial, immune system enhancing, immune stimulant, antiinfective some
viruses, adaptogen, cardiotonic, diuretic, hypotensive, immunomodulator, hypoglycaemic, circulatory stimulant,
vasodilator and expectorant effects (Ma et al., 2011; Zhao et al., 2011); also uses to treatment chronic phlegmatic
disorders, general gastrointestinal disturbances including stomach ulcer, chronic diarrhea and intestinal
inflammation (Yang et al., 2014). Radix Astragali drog provide important protection against heart, intestine,
kidney, liver, brain, kidney, and lung injury in various models of oxidative stress-related disease (Shahzad et al.,
2016). In many ethnobotanical practices around the world, these vital plants are widely used as medicine, food,
fodder, fuel, and ornamental plants (Amiri et al., 2020).

Astragalus taxa are used in many different ways. Most of Astragalus taxa have high nutritional values. It is
known to be grazed by animals during their maturity period. Some Astragalus taxa are uprooted with their roots
(Manga et al., 2003). Some Astragalus contribute to the protection and formation of the soil, especially by growing
in steppe and areas exposed to erosion. Astragalus species that grow in natural habitats not only provide feed
sources for domestic and wild animals, but also create shelter areas for wild animals (Basbag et al., 2017).
Especially in the form of bush and semi-shrub, Astragalus species protect some weeds around them due to their
thorny structures during grazing in pastures in spring and summer. As a result of the softening of the thorns and
the moistening of the dried grass with the rain in autumn, the need for roughage is supplied from these dried grasses
together with the reduced grass in the pasture.

The number of nutrients studies conducted on this big genus, is still too few. Therefore, the main goal of current
study was to determine macro, micro element and heavy metal contents and nutritive value of studied Astragalus
taxa in order to support sufficient baseline data for subsequent works.

2. Material and Method

Plant materials are collected at the localities and dates indicated in Table 1, by O. Kilic, E. Cacan and K.
Kokten. Plants were identified according to Volume-3 of Flora of Turkey and East Aegean Islands (Davis, 1982).

Plant samples belonging to Astragalus taxa were taken at the locations and dates indicated in Table 1, during
the flowering period and according to the random sampling method. An average of 200 g of green grass was taken
from each location. The plant samples taken were dried at 70°C for 48 hours. After the dried samples were ground
with the help of a hand mill, they were sieved through a 1 mm sieve and made ready for analysis. Ca, Mg, P and
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K contents of Astragalus taxa were determined with the help of NIRS (Near Infrared Spectroscopy, Foss Model
6500) device (Engin and Mut, 2018; Basbag et al., 2019) at Ondokuz Mayis University Faculty of Agriculture. Fe,
Mn, Cu, Zn, Be, Al, Cr, Ni, Se and Cd contents were determined with the help of ICP-MS device in Bingol
University Central Laboratory Application and Research Center.

Table 1. The localities and dates where the Astragalus taxa were collected

Plant samples Localities Collected Date
Astragalus gummifer Bingdl Center Yolcati vicinity June 2018
Astragalus compactus Bingdl Center Yolcati vicinity June 2018
Astragalus lineatus var. longidens Bingdl Center Kuruca vicinity June 2018
Astragalus aureus Bingol Center Kuruca vicinity June 2018
Astragalus onobrychis Bingol Center Kuruca vicinity June 2018
Astragalus declinatus Bingdl Center Kuruca vicinity June 2018
Astragalus lineatus var. lineatus Bingdl Center Hesarek vicinity June 2018
Astragalus oocephalus subsp. stachyophorus Bingdl Center Asagikoy vicinity June 2018
Astragalus cinereus Bingdl Center Asagikoy vicinity June 2018

3. Result and Discussion

Plants, which have a strong connection with the soil rich in plant nutrients, continue their lives more efficiently
and successfully. Each plant has its own optimum nutrition range as well as a minimal nutrient demand level.
Plants begin to show signs of nutrient shortage below this threshold. Due to toxicity, excessive nutrient intake
might potentially result in poor growth. As a result, the amount of nutrients applied and their positioning are critical.

Ca (Calcium) has an important role in the development and plasticity of the cell wall membrane, which
influences normal cell division by maintaining cell integrity and membrane permeability. Without enough calcium,
which is needed to produce solid cell walls in the form of calcium pectate, freshly emerging leaves may stick
together at the margins, causing ripping as the leaves spread and unfurl. The stem structure may also be weakened
as a result of this. Mineral substances have an important place in the nutrition of animals. Calcium is the third most
used plant nutrient in plants. It is a part of the plant cell wall and therefore it is known as the plant nutrient element
that regulates the cell wall structure.

The macro element contents of the studied Astragalus taxa are shown in Table 2. Calcium ratios of taxa varied
between 0.69-2.02%; and average Ca ratio is 1.63%. Astragalus declinatus has highest Ca ratio (2.02%). The
lowest calcium rate is seen in Astragalus compactus (0.69%) (Table 2). Calcium is high in Astragalus meridioalis
seeds (Rahimi et al., 2017). Calcium play significant role in maintaining strong bones and teeth. It is also required
for appropriate heart muscle activity, blood coagulation, milk clotting, and cell permeability modulation (Smith,
1987). Calcium deficiency back pain, causes rickets, indigestion, osteoporaosis, irritability and cramping of the
uterus (Diaz-Gomez et al., 2003). In a study calcium ratios of Astragalus hamosus from different localities varies
between 1.25-1.99% (Basbag et al., 2019). In another research Ca ratios in different Astragalus taxa was ranged
from 0.93-1.18% (Astragalus pinetorum subsp. declinatus (1.18%), Astragalus densifolius (1.09%), Astragalus
lagurus (0.94%), Astragalus aduncus (0.93%) (Parlak, 2019).

Mg (Magnesium) is an important element and part of the chlorophyll molecule, the deficiency symptom of
interveinal chlorosis first appears in older leaves. Magnesium has many roles including supporting the functioning
of the immune system; synthesis of proteins and in muscle contraction and cell integrity. The Mg ratios of the
studied taxa are very close to each other; Astragalus declinatus has highest Mg ratio (0.47%) and the lowest
calcium rate is seen in Astragalus cinereus (0.24%) (Table 2). In a study, Mg ratios of Astragalus hamosus from
different localities varies between 0.31-0.46% (Basbag et al., 2019). In another study, Mg ratio was determined
highest (1.51%) in Astragalus microcephalus (Parlak, 2019).
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Table 2. Macro element contents of Astragalus taxa (%)

Plant samples Ca Mg P K
Astragalus gummifer 1.53 0.41 0.25 121
Astragalus compactus 0.69 0.28 0.27 1.55
Astragalus lineatus var. longidens 1.45 0.33 0.32 2.49
Astragalus aureus 181 0.39 0.30 1.62
Astragalus onobrychis 1.99 0.41 0.19 0.68
Astragalus declinatus 2.02 0.47 0.17 0.58
Astragalus lineatus var. lineatus 1.80 0.38 0.29 1.27
Astragalus oocephalus subsp. stachyophorus 1.64 0.36 0.36 251
Astragalus cinereus 1.71 0.24 0.25 1.55
Average 1.63 0.36 0.27 1.49

Because of K (Potassium) is an enzyme activator that increases metabolism, its presence is critical for plant
growth, K has been demonstrated to help plants withstand disease, increase grain and seed size, and improve the
quality of fruits and vegetables. K ratios of taxa varied between 0.58-2.51%; and average K ratio is 1.49%.
Astragalus oocephalus subsp. stachyophorus has highest K ratio (2.51%); the lowest K rate is in Astragalus
declinatus (0.58%) (Table 2). K shortage causes nervous irritability, mental confusion, low blood sugar,
sleeplessness, and coma because it aids in the release of molecules that act as nerve impulses and control heart
rhythms (Gaeta and Hider, 2005).

Phosphorus (P) is a mineral that is found in plants' nucleus and is involved in protein synthesis control.
Phosphorus is essential for the formation of new tissue and cell division. Plants carry out complicated energy
transmissions, which necessitates the use of phosphorus. P is very effective especially in the early development
stages of the plant and plays an important role in flowering, root development, seed and fruit formation. It affects
the energy balance with the circulation and exchange of substances in the plant. P ratios of the studied taxa are
also very close to each other; and detected an average 0.27% (Table 2). In a study P ratio of Astragalus hamosus
collected from different localities varies between 0.20-0.45% (Basbag et al., 2019). In another study the highest
phosphorus content was 2.82% from Astragalus aduncus, this followed by Astragalus densifolius with a rate of
0.92%, and Astragalus lagurus with the lowest rate of 0.84% (Parlak, 2019).

Motsara and Roy (2008) reported that the limit values Ca ratio should be between 0.1-1.0%, Mg ratio between
0.1-0.4%, P ratio between 0.2-0.5% and K ratio between 1.0-5.0% in plants. It was observed that Ca contents
(%1.63) of Astragalus taxa were high, while other macro element contents (Mg %0.36, P %0.27, K %1.49) were
within or close to the limit values reported by Motsara and Roy (2008).

The micro element contents of the studied Astragalus taxa are shown in Table 3. Iron (Fe) is essential in the
heme enzyme system in plant metabolism. Iron is one of the most deficient micro-elements in the world. Fe is less
mobile in the plant and is required for photosynthesis processes in conjunction with plant respiration. It plays an
important role in enzyme activities and chlorophyll synthesis. Iron also serves as an activator for biochemical
processes such as photosynthesis, respiration, and symbiotic nitrogen fixation (Hawkes et al., 1985). On the basis
of the base normal levels of iron in plants (50-300 mg kg), the analyzed plant accumulates enough iron at all
stages of growth (Fox and Guerinot, 1998). The Fe content in Astragalus onobrychis subsp. chlorocarpus increased
during vegetation and showed maximum in the seed forming stage of growth, 343.02 mg kg* (Miladinovic et al.,
2011). The Fe content of Astragalus mollissimus changes significantly throughout the growing season, peaking in
February at 400 mg kg* (Leand, 1986). In their investigation, Sheded et al. found Fe levels ranging from 261 to
1239 mg kgt in a variety of Egyptian medicinal herbs (Sheded et al., 2006). In this research, highest Fe ratio (7338
mg kg?) in Astragalus declinatus and the lowest Fe rate is seen in Astragalus oocephalus subsp. stachyophorus
(200 mg kg™ (Table 3).
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Table 3. Micro element contents of Astragalus taxa (mg kg?)

Plant samples Fe Mn Cu Zn Be
Astragalus gummifer 794 48.5 71.1 1.59 0.42
Astragalus compactus 2264 108.4 62.3 0.00 0.14
Astragalus lineatus var. longidens 2478 132.6 88.8 34.22 0.00
Astragalus aureus 3096 229.1 87.6 13.36 0.06
Astragalus onobrychis 3581 301.4 99.1 12.13 0.07
Astragalus declinatus 7338 349.1 101.2 33.07 0.17
Astragalus lineatus var. lineatus 1236 70.0 68.5 4.41 0.00
Astragalus oocephalus subsp. stachyophorus 200 44.5 74.9 0.51 0.00
Astragalus cinereus 935 99.8 107.3 27.42 0.00
Average 2436 153.7 84.5 14.08 0.10

Manganese (Mn) helps the formation of chloroplast together with Iron. In its deficiency, the chloroplast is
disrupted and yellow spots are observed on the leaf blade. It is effective in the formation of chloroplastic protein.
It acts as an enzyme and co-enzyme. Manganese is found in plant sections that are physiologically active,
particularly the stem and shoots (Hawkes et al. 1985). The range of Mn in Astragalus oocephalus subsp.
stachyophorus varied between 69.34 mg kg in initial stage of vegetation and 115.91 mg kg in seed forming
stage. Optimal levels of manganese in plants are 25-250 mg kg (Fox and Guerinot, 1998). Sheded et al. reported
that the range of Mn in their research was between 44.6 and 339 mg kg™ in selected medicinal plant of Egypt
(Sheded et al., 2006). In this study with Astragalus taxa Mn ratio was detected an average (153.7 mg kg?) (Table
3).

Copper (Cu) assists in the formation of hemoglobin in humans, and it is required for disease resistance, seed
production, and water regulation in plants. Despite the fact that Cu is a required element, its high concentration
can cause anemia, stomach and intestinal discomfort, and liver and kidney damage (Martinez and Motto, 2000).
The ratio of studied Astragalus taxa are seen in Table 3. In a research the Cu ratio of Astragalus auganus is 0.8234
mg kg* (Hussain et al., 2019). The concentration of Zinc (Zn) ranged from 0.51-34.22 mg kg™ (except Astragalus
compactus) and the average ratio was 14.08 mg kg (Table 3). Hussain et al. (2019) reported the Zn concentration
in Astragalus auganus as 2.750 mg kg*. When Beryllium (Be) levels increase in plants, growth decreases, Ca, Mg
and partially P uptake are inhibited, and some proteins and enzymes are degraded (Kabata-Pendias, 2011).
Beryllium (Be) was found in very small quantities or not found in studied taxa (Table 3).

Motsara and Roy (2008) stated that the optimum Fe content should be between 50-250 pg g, Mn content
between 20-300 pg g, Cu content between 5-20 pg g* and Zn content between 20-100 pg g in plants. It was
observed that Fe and Cu contents of Astragalus taxa were high, Mn contents were sufficient and Cu contents were
low.

The trace element contents of the studied Astragalus taxa are shown in Table 4. Nickel ratios of taxa varied
between 6.24-19.66 mg kg!; and average Ni ratio is 9.99 mg kg™. Astragalus declinatus has highest Ni ratio (19.66
mg kg?). The lowest Ni rate is seen in Astragalus lineatus var. lineatus (4.18 mg kg?) (Table 4).

In the studied plants, there is no concentration of Cd (Table 4); therefore all studied Astragalus taxa of the area
as for our findings are safe to be used in different aims. In a study conducted in Canakkale, it was reported that the
Cd content of pasture grasses was at a harmless level (Gokkus et al., 2013). Se ratios average of studied taxa is
2.19 mg kg*; whereas there is not found Se in Astragalus lineatus var. lineatus (Table 4). The concentrations of
Al and Cr elements are seen in detailed in Table 4.

Kabata-Pendias (2011) stated that the optimum Al content should be between 85-3470 mg kg, Cr content
between 0.2-4.2 mg kg, Ni content between 1.2-2.7 mg kg%, Se content for USA 0.32 mg kg%, for India 0.67 mg
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kgt and Cd content between 0.8-0.46 mg kg™ for legume plants. It was determined that Al, Ni and Se contents of
Astragalus taxa were higher than the limit values reported by Kabata-Pedias (2011).

Table 4. Heavy metal contents of Astragalus taxa (mg kg™)

Plant samples Al Cr Ni Se Cd
Astragalus gummifer 1128 4.00 6.24 3.77 0.00
Astragalus compactus 2573 6.84 8.25 4.49 0.00
Astragalus lineatus var. longidens 2244 9.00 8.67 0.00 0.00
Astragalus aureus 3092 7.66 11.60 2.16 0.00
Astragalus onobrychis 3847 10.91 10.78 3.07 0.00
Astragalus declinatus 7685 17.42 19.66 0.90 0.00
Astragalus lineatus var. lineatus 1218 4.70 4.18 1.25 0.00
Astragalus oocephalus subsp. stachyophorus 205 1.98 9.55 1.75 0.00
Astragalus cinereus 820 6.55 10.96 2.31 0.00
Average 2535 7.67 9.99 2.19 0.00

4. Conclusion

In this study, 9 different Astragalus species were compared in terms of macro, micro element and heavy metal
contents. As a result of the research, it was observed that the macro, micro element and heavy metal contents of
some Astragalus species were higher than some forage plants. In general, the highest Ca, Mg, Fe, Mn, Al, Cr and
Ni contents were observed in Astragalus declinatus species, the highest P and K contents in Astragalus oocephalus
subsp. stachyophorus species, the highest Cu content in Astragalus cinereus species, the highest Zn content in
Astragalus lineatus var. longidens species, the highest Be content in Astragalus gummifer species, the highest Se
content in Astragalus compactus species. Cd content could not be detected in any Astragalus species. It has been
concluded that Astragalus species, which are abundant in natural areas, can be a cheap source of roughage in terms
of animal nutrition and can provide various macro and micro nutrients to animals.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Measurement of Water Depth in a Class A Pan Using Ultrasonic Transducer and
Programmable Logic Control (PLC)

Ultrasonik Algilayici ve Programlanabilir Lojik Kontrolii (PLC) Kullanarak A Sinifi
Buharlasma Kabinda Su Yiikiiniin Ol¢iimii

Cafer GENCOGLAN'¥, Serpil GENCOGLAN?, Selcuk USTA®
Abstract

The aim of this study is to compare water depths measured by manually and PLC from a Class A Pan in field
conditions using ultrasonic transducer. The study was conducted in garden of Faculty of Agriculture, University
of Kahramanmaras Sutcu Imam in the summer season of 2019. A steel meter was used to measure water depth
manually in the evaporation pan. Using the ultrasonic transducer, PLC measured water depth from the evaporation
pan between 140 and 223 mm water depth at 8:00 am. An ultrasonic transducer is attached one end of sliding
buttress, at which was 50 cm above from its inner-bottom at the center of the evaporation pan. The ultrasonic
transducer was set to be able to read water depth and calibrated using sliding buttress. A program was written in
CODESYS-ST language to measure the water depth from a Class A Pan using PLC, which was connected the
ultrasonic transducer and uploaded to PLC. With the program, digital water depths were converted to millimeter
water depths. To be able to read the water depth more accurately, each depth value read by the PLC was determined
by averaging 30 measurements made successively at 300 millisecond intervals. In this processes, moving average
method was used. Water depth measured by PLC was saved on the SD (secure digital memory) card. In the manual
water depth measurements, there were 26 observations. The water depths on the manual measurement dates were
matched with the water depths measured by PLC. A regression analysis was performed between the water depths
measured by the steel meter and PLC in the pan, and determination coefficient (R?) was result as 0.96. The Mean
Absolute Percent Error (MAPE) of these two data sets was calculated as 2.3%. The level of agreement between
the two data sets; if the MAPE is below 10%, it is considered “very good”. The results of this study revealed that
the PLC could measure the water depth close to the measured manually water depth in the evaporation pan with
an ultrasonic transducer.

Keywords: Evaporation pan, Buttress, PLC, Ultrasound, Level.
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Gengoglan & Gengoglan & Usta
Measurement of Water Depth in a Class A Pan Using Ultrasonic Transducer and Programmable Logic Control (PLC)

Oz

Bu ¢alismanin amaci, ultrasonik algilayici ve PLC kullanarak arazi kosullarinda A smifi buharlagsma kabindan
PLC ve elle élgiilen su derinligini karsilastirmaktir. Caligma, Kahramanmaras Siitgii imam Universitesi Ziraat
Fakiiltesi bahgesinde 2019 yaz sezonunda yapilmistir. Buharlasma kab1 su derinliginin elle 6l¢timlerinde, ¢elik
metre kullanilmigtir. PLC ve gelik metre ile su derinligi dlglimleri, buharlasma kabindaki su derinliginin 140 ile
223 mm'lik su seviyesi arasinda sabah saat 8:00'de yapilmigtir. Bir ultrasonik algilayici, bir hareketli payandanin
bir ucuna baglanmustir. Hareketli payandaya tutturulan ultrasonik algilayici, anilan haraketli payandadan
yararlanarak buharlasma kabinin ortasina ve i¢-tabanindan 50 cm yiikseklige gelecek sekilde yerlestirilmistir.
Ultrasonik algilayicinin okuma ayarlari yapilmig ve s6z konusu algilayici, hareketli payandadan yararlanarak
kalibre edilmistir. PLC ve ultrasonik algilayici kullanarak A siifi buharlagma kabindan su derinligini l¢mek i¢in
CODESYS-ST dilinde bir program yazilmig ve PLC’ye yiiklenmistir. Bu programla okunan sayisal degerler
milimetre cinsinden su derinligine doniistiiriilmistiir. PLC tarafindan 6lgiilen derinlik degerlerini daha dogru
okumak igin arka arkaya 300 mili saniyede bir 30 dijital deger alinmis ve anilan degerlerin ortalamasi bulunmustur.
Bu islemde hareketli ortalama yontemi kullanilmistir. PLC ile 6lgiilen su derinligi degerleri, SD (secure digital
memory) karta kaydedilmistir. Elle 6l¢iimde toplam gozlem sayis1 26°dir. Elle dl¢iim tarihlerindeki su derinlikleri,
PLC ile dlgiilen su derinlikleri ile eslestirilmistir. Bu iki su derinligi degerleri arasinda regresyon analizi yapilmis
ve belirleme katsayis1 (R?) 0.96 olarak belirlenmistir. Amilan verilerin Ortalama Mutlak Yiizde Hata
(MAPE)'s1 %2.3 olarak hesaplanmustir. iki veri degerleri arasindaki uyum diizeyi; MAPE %10’un altinda ise “gok
iyi” olarak degerlendirilmektedir. Bu ¢alismanin sonuglari, PLC’nin ultrasonik algilayici ile buharlagsma kabindaki
su derinligini, dogruya yakin 6l¢ebilecegini ortaya koymustur.

Anahtar Kelimeler: Buharlagsma kabi, Payanda, PLC, Ultrason, Seviye.
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1. Introduction

Class A pan is used in the preparation of irrigation scheduling for plants grown both in field and greenhouse
conditions in the Faculties of Agriculture of the Universities and Agricultural Research Institutes. Evaporation
from a Class A pan is called pan evaporation. In irrigation scheduling, Reference evapotranspiration (Eto) is
calculated from pan evaporation by multiplying the pan coefficient (Ep) and plant evapotranspiration (Etc) is
calculated from Eto by multiplying the crop coefficient (kc) (USDA, 1993; Gengoglan et al., 2006; Gencoglan and
Kirag, 2008).

In many countries on the world, Class A pan is used to create real-time irrigation program (Huang et al., 2001).
In irrigation programming, Class A pan should be made, installed and managed in accordance with its technique.
Besides, an appropriate pan coefficient should be selected (Huang et al., 2002). There are many studies carried out
using Class A pan in irrigation scheduling of plants. Some of these are: Kanber et al. (1991); Yazar et al. (1991);
Cevik et al. (1991); Ertek and Kanber, (2001); Gengoglan et al., (2006); Ertek et al., (2006); Kirag, (2007);
Gengoglan and Kirag, (2008); Unal, (2008); Unlii et al., (2014); Gengoglan et al., (2019); Yenigiin and Erdem,
(2019); Azder et al., (2020). In this respect, it is very important to accurately measure the water depth in the Class
A pan in the creation of a real-time irrigation program.

Daily water depth measurements in Class A pans and refilling them with water up to a certain level are generally
done by human hands in our country. In practice, the human errors in the measurements and the daily
measurements by human being in Class A pan, which increases labor costs, could be seen as the negative aspects
of itin irrigation programming. To decrease negative aspects of it and to increase usage in irrigation programming,
the first automation studies of Class A pan started by Summer (1963) and continued by Phene and Campbell (1975),
Burgess and Hanson (1981), Asrar et al. (1982), Van Haveren (1982), McKinion and Trent (1985), Boughton and
McPhee (1987), Thibault and Savoie (1989), Phene et al. (1992), Mbajiorgu and Wilkie (1995), Caissie (2011),
Gengoglan et al. (2013), Fisher and Sui, (2013), Gengoglan and Gengoglan (2016), Yildirim (2016), Sezer et al.
(2017), Yahaya et al. (2018), Hasanuddin (2019) and Gengoglan et al. (2021). Ultrasonic sensor started to use on
automation of Class A pan since 2013. The ultrasonic sensor sends the ultrasonic wave towards an object at the
speed of sound, and the echo that hits the object returns to the detector. The distance from the sensor to the object
is calculated according to the time elapsed between sending the wave and returning the echo (Fisher and Sui, 2013).
Ultrasonic sensors with many different features are sold in the market. Using ultrasonic sensor with different
properties and methods, some researchers had measured the depth of water in Class A pan to determine pan
evaporation (Gengoglan et al., 2013; Fisher and Sui, 2013; Sezer et al., 2017). On the other hand, the water depth
in the pan was measured using a pressure sensor in workshop and field conditions (Gengoglan and Gengoglan,
2016; Gengoglan et al., 2021). In this study, the water depth in the pan was measured by attaching the ultrasonic
sensor to one end of a buttress.

The aim of this study is to measure the water depth using an ultrasonic sensor and PLC in Class A pan under
field conditions and compare it with the water depth values measured with a steel meter.

2. Materials and Methods

This study was carried out in the orchard (37°32'08" and 36°54'59" East and 700 meters above sea level) in
Kahramanmaras Siitgii imam University, Faculty of Agriculture Research Area in order to compare the water depth
values measured by PLC and steel meter from A Class evaporation pan. Water depth measurements in Class A
pan were made in July and September 2019. During the study period, the monthly average wind speed varied
between 0.9 (light) and 2.0 m s* (moderate).

Class A pan was placed on the wooden platform near the pear orchard, which was set and levelled on the
ground in a grassy location, away from any obstacles which obstructed a natural air flow around the pan. To
measure the water depth in the pan under field conditions, ultrasonic sensor and a steel meter were utilized. The
ultrasonic sensor was placed in the centre of the evaporation pan by means of a buttress (Figure 1). On the other
hand, to reduce the shading of the buttress on pan, it was attached to the northwest corner of the wooden platform
(Figure 2). The dimensions of this buttress were given in Figure 3. The input of the ultrasonic sensor is 24 VDC
and the output is 4-20 mA, and its sensing range is between 60-2000 mm, and adjustment range is between 90-
2000 mm. The standard target plate of the sensor is 100x100 mm (Anonymous, 2022). A solenoid valve is used to
automatically fill the Class A pan with water and its input is 24 VDC (Figure 1). In the study, a control system
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was used to measure the depth of water in Class A pan with an ultrasonic sensor (Figure 4). The control system
consisted of circuit breaker power supply, PLC (CPU PM564), analog module (AX561), relays and clemens.
Ultrasonic sensor output is connected to 10+ and RO channels of analog module (AX561) and common terminal is
connected to 10- channel (Figures 5 and 6). In the PLC, address of the 10+ channel is %IWO0 and its channel input
is selected as 4-20 mA. PLC converts 4-20 mA input analog values to 0-27648 (normal range) numerical values.

Since the distance between the ultrasonic sensor and the bottom of the Class a pan is approximately 500 mm,
the sensing distance was taken as 500 mm. For this reason, the system given in Figure 7 was used to convert the
sensing range of the ultrasonic sensor to 90-500 mm. In this system, there are an ultrasonic sensor-buttress and a
board, and their distance between them was 500 mm. For this purpose, the ultrasonic sensor was connected to the
buttress end. The method suggested by Anonymous (2022) and Tiiysiiz (2018) was used to change sensing rage of
the ultrasonic sensor at a distance of at least 60 mm and at most 500 mm. Accordingly, ultrasonic sensor can send
waves up to 500 mm. In the chancing sensing range, the target board was chosen larger than the standard size.

A

Figure 2. Location of the ultrasonic sensor on Class
A pan

Figure 1. Class A pan and its elements (1-platform, 2-
Pan, 3-Water supply, 4-Pressure sensor, 5-
Ultrasonic sensor, 6-Buttress, 7-Clamping
screw)

Figure 3. Buttress of ultrasonic sensor

Equation 1 was used to measure the depth of water in a Class A pan with an ultrasonic sensor (Gengoglan and
Tiiysiiz, 2018).

D=H-d (Eq. 1)

Where, D; Water depth in A class pan (mm), H; distance (mm) between the ultrasonic sensor and the bottom
of the Class A pan, and d; distance from the ultrasonic sensor to the water surface (mm).

A program was written in CODESYS-ST language in order to measure the water depth in Class A pan with
PLC using an ultrasonic sensor and the flow chart of the program is given in Figure 8. In this program, digital
values are converted to water depth varying between 0-210 mm with the help of the LIN_TRAFO function. Each
measurement value read by the PLC was determined by averaging 30 measurements made successively at 300 ms
intervals. In this processes, moving average method was used (Tiliicii, 2002). The water depth average was
determined according to the moving average method. In addition, water depths measured by PLC were calibrated.
For this reason, the pan was first filled with water at a depth varying between 150-200 mm. Then, the water depth
in the pan was measured with a steel meter. Then, it was connected to the PLC online with the computer and at
that moment the water depth in the pan was read, which value was compared with the value measured with the
steel meter. By loosening the clamping screw of the buttress given in Figures 1 and 3, the upper part of the buttress
was moved up and down until these two values are equal to each other. At the end of the calibration, the pan was
filled with water to a depth of 200 mm, and water depth was recorded on the SD card at 8:00 am. When the water
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Figure 4. Control unit measuring water depth in Figure 5. Detailed view of PLC’s CPU and
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Figure 6. Connection of ultrasonic sensor to the Figure 7. Sensing range adjustment board for
analog module (ABB, 2022) ultrasonic sensor

depth in the pan decreased to 150 mm by evaporation, it was recorded at 8:00 on SD card and it was filled to a
depth of 200 mm and recorded to the SD card at 8:05 again. It was waited for 5 minutes for the water ripple in the
pan to stop. Water depth measurements with steel meter were made after PLC measurements. A total of 26
observations were taken in July and September in years of 2019. A regression analysis was performed between
the water depths in the pan measured by the steel meter and PLC. On the other hand, Absolute Average Percentage
Error (MAPE) (Lewis, 1982), which is an expression of the deviation of the water depth measured by the steel
meter in the pan from the water depth measured by the PLC, was calculated from Equation 2.

|[WDSM;—~WDUS;

_1 |
MAPE =23 ( o 100) (Eq.2)

Where, WDSMi; water depth measured by steel meter (mm), WDUSI; water depth measured by ultrasonic
sensor (mm), n; is the number of observations.
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Figure 8. Flow chart of program of PLC used to measure water depth in Class A pan

3. Results and Discussion

This study was carried out to measure the water depth using an ultrasonic sensor and steel meter in the Class
A pan under field conditions and to compare them. Water depths were measured 26 times from the pan at 8 o'clock

in July and September (Figure 9). The averages

of 26 water depth values measured by steel meter and ultrasonic
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sensor were 171.56+4.1 mm and 172.5+3.6 mm, respectively. The highest difference between these two water
depth values is 8 mm and the average of the absolute differences is 3.85 mm. The standard error of water depth
measured by ultrasonic sensor is lower than the standard error of water depth measured by steel meter. The
regression equation between these two data sets was determined as WDUS = 0.88WDSM + 22.3 and the coefficient
of determination (R?) was 0.96. The slope of the equation and the intercept point on Y -axis approached 1 and 0
(zero), respectively. The ratio of representing water depth values measured with ultrasonic sensor to water depth
values measured with steel meters is 96%. The level of agreement between the water depths measured by both the
steel meter and the ultrasonic sensor in the pan was calculated as MAPE of 2.3%. The level of agreement between
the two data sets; if MAPE is below 10%, it is considered as “very good”, between 10-20% as “good”, between
20-50% as “acceptable” and above 50% as “inconsistent” (Lewis, 1982). Both R? and MAPE demonstrated that
ultrasonic sensor could read the water depth in the pan with very high accuracy.

230
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§ £ WDUS = 0.88WDSM + 22.3

> R2=0.96
55 200
[
€ 3
£5
§.3 170
=
o 3
@ (@
==

5
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Water depth measured with steel meter(WDSM, mm)

Figure 9. Water depth values measured in Class A pan with steel meter and ultrasonik sensor

In the study of Gengoglan et al. (2013) stated that they could measure the depth of water in the Class A
evaporation pan with an absolute error of less than 1 mm in both waveless and undulating conditions, in their study
conducted under workshop conditions using a PLC and ultrasonic sensor. Fisher and Sui (2013) measured the
water depth in the evaporation pan using an ultrasonic sensor and found values close to the hand-measured water
depth. Sezer et al. (2017) stated that the accurate measurement of the amount of evaporation from a class A
evaporation pan using an ultrasonic sensor varies depending on the evaporation amount. It was suggested usage
of more sensitive ultrasonic sensor, and a floatable flat float on the surface of the water to be able to measure at
higher depths in the metal pipe, and reducing diameter of the metal pipe as much as possible to affect evaporation
minimum. Gengoglan and Tiiysiiz (2018) measured the water depths and flow rates in the open channel using PLC,
rating curve, pressure and ultrasonic sensor. On the other hand, they compared the water depth and flow rates
measured with the electronic limnigraph with the water depth and flow rates measured by pressure and ultrasonic
sensor. The researchers determined that the water depth and flow rates of the pressure and ultrasonic sensor were
not statistically different from that of the electronic limnigraph’s. They resulted that water depth and flow could
be measured in an open channel using pressure and ultrasonic sensors.

The most important factor negatively affecting the water depth measurements in the Class a pan is the
fluctuation of the water and noise. When the water in the evaporation pan fluctuates, the water depth in the pan
changes. Accordingly, the water depth read by the PLC also changes. When the water fluctuation in the evaporation
pan stops, the value read approaches the constant (Gengoglan et al., 2013). On the other hand, there are signals
called noise around. These signals change the numerical values determined by the PLC.

4. Conclusions

The water depths in the Class A pan were measured in field conditions using an ultrasonic sensor and compared
with the water depth values measured with a steel meter. The standard error of the water depth measured with the
ultrasonic sensor was found to be lower than the standard error of the water depth measured with the steel meter.
The determination coefficient was acceptable level and the slope and intercept of the regression equation
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approached 1 and 0 (zero), respectively. On the other hand, it was determined that the conformity of MAPE
between the water depths measured by the steel meter and the ultrasonic sensor in the pan was at a very good. It
is concluded that the water depth in the pan can be measured with very high accuracy using an ultrasonic sensor.
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Effects of Adding Anti-saline and Humic Acid Foliar Spraying on Yield Parameters of
Cauliflower (Brassica oleracea var. Botrytis)

Waleed F. HASSAN'*, Basem Rahem BADER?
Abstract

Spraying humic acid on a growing plant cauliflower enhances chlorophyll and carotene levels in the leaves;
its crucial role in protecting plants from salt stress, water stress, and heavy metals, and its many other
advantages in saline soils. The research study was carried out in one of the agricultural fields in the
Mugdadiyah area, Haruniyah area, 21km, using a randomized complete block design (RCBD) and a normal
factorial experiment during the agricultural season 2019-2020. It was located 40 kilometers North-East of
Diyala governorate, Baquba district. This study aimed to determine how adding anti-saline and spraying
humic acid affects the yield parameters of Nahar cauliflower. The results demonstrated that the addition of
anti-saline when treated with N2 was superior in the majority of the studied traits, including: (head weight,
head diameter, percentage of dry matter in the heads, total yield, and total plant weight without the heads).
Sequentially, the results demonstrated (4349 g, 26.39 mm, 15.79 %, 13.39 mcg ha?, 1.971 kg plant?)
superiority over the control treatment. The majority of the analyzed parameters, including (head weight,
head diameter, percentage of dry matter in heads, total yield, and total plant weight without heads) (3584 g,
26.52 mm, 16.80 percent, 15.15 tons H?, 2.182 kg plant-1), were superior to the control treatment (3584 g,
26.52 mm, 16.80 percent, 15.15 tons H?, 2.182 kg plant?). The N2H, treatment was found to be higher in
most of the analyzed parameters, including (head weight, head diameter, percentage of dry matter in the
heads, total yield, and total plant weight without the heads), which were (4684 g, 29.80 mm, 19.33 percent,
15.47 tons h'?, 3.224 kg plant?) respectively compared to the control.
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Hassan & Bader
Effects of Adding Anti-saline and Humic Acid Foliar Spraying on Yield Parameters of Cauliflower (Brassica oleracea var. Botrytis)

1. Introduction

Cauliflower (Brassica oleracea var botrytis) is a member of the Brassicaceae family and one of the essential
winter vegetable crops, with over 350 genera and 4000 species spread across the globe, found in the
Mediterranean region, and Cyprus is believed to be its original home (Jabbar et al., 2013). The cauliflower of
vegetables is rich in many vitamins such as vitamin A and C as well as carotene, protein, phosphorus, potassium,
iron, and calcium. It was shown that each 100 g of cauliflower contains 91.7% water, 25 calories, 2.4 g protein,
4.9 g carbohydrates, 72 mg phosphorus, 2.2 mg calcium, 1.1 mg iron, and many vitamins (Matlop et al., 1989).
Anti-saline is a liquid fertilizer ready to be used to treat the phenomenon of salinity. It is added to soils with a
salt concentration near the soil's surface to prevent it from moving to the top, leading to crop damage. It ends the
problem of accumulated salt without forming layers. Impermeable and not added at temperatures below 5
degrees Celsius because this effect decreases when using low temperatures (Zodape, 2001). This substance
reduces water evaporation in the soil and groundwater levels. They also found that it reduces the entry of salty
seawater added by the wind into the soil by preserving the ready water (Ahmed and Salem, 2020).

Manymethodsexistfor adding nutrients to the plants. One of the most basic and effective techniques is foliar
fertilization, which involves spraying nutrients directly into the leaves (Rajasekar, 2017; Rachid et al., 2020).
Recent research shows that foliar feeding is more significant than soil fertilizer in terms of effectiveness and
success. It's a compliment, not a replacement, for soil fertilization (Bader et al., 2020). Humic acid is a critical
acid that plays essential roles in plant life. It works by increasing the production of chlorophyll and carotene
pigments, the rate of carbon metabolism, and the activity of many essential enzymes, inhibiting ethylene
synthesis and having the opposite effect to acid abscisic. Spraying humic acid on a developing plant under
abiotic stress increases the concentration of nutrients and pigments chlorophyll and carotene in the leaves (Kaya
et al., 2018). In addition to its excellent qualities and benefits and its essential function in protecting plants from
salt, water, and heavy metal stress (Khoshbakht and Asgharei, 2015). Adding this acid improves the supply of
nutrients to plants in salty soils. It causes an increase in oxygen activity, which is essential in promoting the
plant's development and production (Sayfzadeh et al., 2011; Rahim and Mohammed, 2020). As a result, the
research aims to study anti-saline and humic acid and their interactions in cauliflower development and yield.
The study aimed to know the extent of the anti-salinity effect in protecting saline lands to increase agricultural
production.

2. Materials and Methods

A field experiment was carried out within the randomized complete block design (RCBD) and with a normal
factorial experiment in the agricultural season 2019-2020 in one of the agricultural fields in Mugdadiyah district,
Al-Harouniya district, Kleu 21, 40 km north of Baquba district of Diyala governorate, to study the effect of
adding anti-saline and spraying humic acid Assad On the characteristics of the Nahar cauliflower crop, where the
field designated for the experiment was prepared by plowing horizontally, leveling and plowing again vertically,
then leveling and smoothing.The field was divided into three sectors, and each sector contains 9 experimental
units, meaning that a total of 27 experimental units with dimensions of 3*2 m for each experimental unit With a
distance of 1 m between an experimental unit and another and a distance of 2 m between one sector and another,
and Each trial unit contains 7 plants.Irrigation pipes were extended with dimensions of 1.30 m between one tube
and another inside the experimental unit, and seedlings were planted on one side of the line with a distance of 40
cm between one plant and another.

The experiment included a study of two factors, the first factor is anti-salinity and is symbolized by the
symbol ((N2, N1, Ng) and at concentrations (2, 1, 0) ml / liter sequentially, it was added to the soil until complete
saturation and the second factor is humic acid lion and symbolized by the symbol (H2, Hi,Ho) and at
concentrations (4, 2, 0) ml / liter sequentially as it was sprayed as shown in Table 2.

On the vegetative total and seedlings were planted on 10/10/2019 and the crop was harvested on 12/25/2019
10 samples were randomly taken from the soil and extracted well A representative sample of the field was taken
from it for the purpose of analysis before planting from a depth of 0-30 cm, air-dried, ground with a wooden
hammer and sifted with a sieve with a diameter of (2 mm) and divided into several sections to ensure that the
sample was not damaged or lost and kept in different and known places until the analysis and the following
characteristics were studied (weight Disc (gm), disc diameter (mm), percentage of dry matter in pink discs (%),
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total yield (Mg H™), total plant weight without flower discs (kg plant™) and the soil of the study field was
classified as alluvial mixture. The results were analyzedusing the statistical program (SAS), and the significant
differences between the means were tested according to the (Duncan) multiplex test. Dodd at the 0.05 probability
level (Al-Rawi and Khalaf Allah, 2000) as shown in Table 1.

Table 1. The soil's chemical and physical qualities before planting

CE N P K Sand Silt Clay Texture
Parameters pH CEC Dsm?! (mg kg™) (%)
Amount 7.5 24.9 1.92 45 1224 1929 38.8 8.8 524 Clay

Table 2. The Chemical properties of humic acid and Anti-saline

Properties of humic acid
Parameters Humic K20 Humidity solubility
Amount 14% 2% 14% 99.8%
Properties of Anti-saline

Parameters Organicmatter  Alginate acid ~ amino acids ~ Mannitol
Amount 50% 16% 2% 3%

3. Results and Discussion
3.1. Diameter weight of cauliflower (gm)

Table 3 revealed that adding anti-saline to the N treatment, 4349 gm, significantly affected the comparison
treatment No, 2389 gm. Adding humic acid outperformed the control treatment Ho, which totaled 3585 gm, while
the treatment H, weighed 3041 gm. Regarding the interaction between the two variables, the treatment N,H, had
the highest value of 4684 g, compared to the comparison treatment NoHo, which had a value of 2357 g.

Table 3. Effect of adding anti-saline and spraying humic acid on the head weight (gm) of the Nahar
cauliflower cultivar

Treatment Ho H: H2 Mean+SEM
No 2357e 2414e 2396e 2389+16.82C
N1 2731de 3400cd 3673bc 3268+297.88B
N2 4035abc 4329ab 4684a 4349+187.62A

Mean+SEM 3041+£508.63B  3381+496.95AB  3584+661.97A

According to Duncan's polynomial testing, there is no significant difference in the coefficients with the same
letter at the 0.05 probabilitylevel.

3.2. Cauliflower head diameter (mm)

Table 4 revealed that adding anti-saline to treatment N, resulted in a significant difference of 26.39 mm
compared to comparison treatment No, which resulted in a difference of 20.16 mm. N;H, had the most
significant interaction value of 29.80 mm, compared to NoHo, which had a value of 16.64 mm.

Table 4: The effect of anti-saline and humic acid spraying on head diameter (cm) and yield parameters of the
Nahar cultivar

Treatment Ho Hi H2 Mean+SEM
No 16.64e 19.92d 23.92bc 20.16£2.10C
N1 18.91d 22.97c 25.84b 22.57+2.010B
N2 23.40c 25.96b 29.80a 26.39+1.85A

Mean+SEM  19.65+1.98C 22.95+1.78B 26.52+1.73A

The Duncan polynomial test indicates that at the 0.05 probability level, coefficients with the same letters do
not differ substantially.
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3.3. Cauliflower florets' dry matter content as a percentage (percent)

According to Table 5, adding anti-saline to treatment N resulted in a significant increase of 15.79 % over
comparison treatment No, which amounted to 12.25 %. Humic acid supplementation outperformed the Ho control
treatment by 16.80% and the Ho control treatment by 12.27%. Treatment NH, exhibited the most significant
interaction between the two variables, at 19.33 percent, compared to comparative treatment NoHo, which had
11.20 percent.

Table 5. The effect of anti-saline and humic acid spraying on the percentage of dry matter in head diameter
(%) and yield parameters of the Nahar cauliflower cultivar

Treatment Ho Hi H> Mean+SEM
No 11.20c 12.12bc 13.44hc 12.25+0.65B
N1 12.19bc 12.86bc 17.63a 14.22+1.71A
N3 13.42bc 14.61b 19.33a 15.79+1.80A

Mean+SEM  12.27+0.64B 13.19+0.73B 16.80+1.75A

The Duncan polynomial test indicates that at the 0.05 probability level, coefficients with the same letters do
not differ substantially.

3.4. Cauliflower head yield total (kg ha?)

Table 6Table revealed that adding anti-saline to treatment N resulted in a significant effect of 13.39 tons ha*
compared to comparison treatment No, which resulted in 10.45 tons hal. Adding marine algae to the H;
treatment resulted in 15.15 tons ha, outperforming the Ho control treatment, which resulted in 11.68 tons ha.
Compared to NoHo, the treatment N2H2 had a higher value of 15.47 tons ha'* in terms of the interaction between
the two variables.

Table 6. The effect of adding anti-saline and humic acid on total head yield (kg ha) of the Nahar cauliflower

cultivar
Treatment Ho Hi H> Mean+SEM
No 11.05d 12.24cd 14.99ab 10.45+1.16B
N3 12.54bc 11.79cd 14.79ab 12.45+0.90B
N, 11.45cd 13.25bc 15.47a 13.39+1.16A

Mean+SEM  11.68+0.44B 12.42+0.43B 15.15+0.20A

The Duncan polynomial test indicates that at the 0.05 probability level, coefficients with the same letters do
not differsubstantially.

3.5. Plant weight (kg plant?) without heads: (kg plant™)

The maximum interaction value was 3.224 kg plant-1 in treatment N2H2, compared to 1.034 kg plant-1 in
treatment NOH2. The maximum interaction value was 3.224 kg plant-1 in treatment N2H2, compared to 1.034 kg
plant-1 in treatment NOH2.

Table 7 showed a significant impact of anti-saline addition to treatment N, 1.971 kg plant?, compared to
control NO, 1.281 kg plant®. The H, treatment with added marine algae produced 2.182 kg plant?, which
exceeded the control treatment Ho, which produced 1.269 kg plant™. The maximum interaction value was 3.224
kg plant? in treatment NoH, compared to 1.034 kg plant? in treatment NoH,. The maximum interaction value
was 3.224 kg plant* in treatment NoH,, compared to 1.034 kg plant™ in treatment NoH,.

Table 7. The impact of anti-saline and humic acidtreatment on the Nahar cauliflower cultivar's total plant
weight without heads (kg plant?)

Treatment Ho Hi H> Mean+SEM
No 1.034c 1.307bc 1.503bc 1.281+0.13C
N1 1.491bc 1.506bc 1.818b 1.605+0.10B
N> 1.280bc 1.409bc 3.224a 1.971+0.62A
Mean+SEM 1.269+0.13B  1.407+0.05B 2.182+0.52A
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The Duncan polynomial test indicates that at the 0.05 probability level, coefficients with the same letters do
not differ substantially.

The study revealed that adding an anti-saline showed a significant difference due to the role of anti-saline in
reducing salinity through practices or activities that represent the correct management of irrigation and water use
with high efficiency, as well as reducing the added water to prevent waste, particularly in water-stressed areas.
Three primary considerations must be considered to control the amount of water added in each irrigation: the
consumption of crop water, the availability of water with which the irrigation process takes place, and the ability
of soil to store water in the root zone. These findings agreed with those (Varma and Namara, 2006; Azooz, 2009;
Rahim and Mohammed, 2020). It was presumed that anti-saline reduces crop water stress, maximizes yield,
lowers the costs of delivering irrigation water to agricultural fields, increases soil moisture storage, and reduces
fertilizer loss. Because it reduces surface and subsurface runoff and increases crop yields, the overall production
is improved, the yield quality has improved, and excessive amounts of water have been reduced, reducing
waterlogging issues. It helps control root zone salt accumulation by reducing the excess water that causes the
groundwater level to rise.

Furthermore, irrigationwatercontains salts, and increasing irrigation implies adding salts to the soil, which
results in increased returns by using the water stored in the soil for irrigation during the short periods when the
crop is not irrigated, which is consistent with (Broner, 2005). Water stress has been linked to a decreased water
supply in the soil due to continuous water loss via transpiration and evaporation.

Additionally, water stress results in several physiological and chemical changes in the plant, resulting in
reduced growth, notably decreased leaf size, stem elongation, root growth, and water utilization efficiency
(Farooq et al., 2009). Cell elongation and division have been used to promote plant growth and give the plant
more opportunities to grow and expand. As the plant's hormone levels fluctuate, the stomata close. Increased
abscisic acid levels in leaves and decreased cytokinin levels in roots lowered transpiration and water stress
(Jaleel et al., 2009). Some hypotheses state how to overcome the problem of salinity and activate the anti-saline
action in its explicit form, such as spraying with potassium sulfate fertilizer to reduce osmotic stress of the leaves
or improve the host's nutrition by improving plant drought tolerance. Involvement in a wide range of
physiological activities, such as transporting and storing numerous chemicals and water relations inside plants,
regulated by soil salinity, indicates potassium's importance. This finding agreed with those (Yordanov et al.,
2003; Zarghami et al., 2014; El-Taher et al., 2022).

It is conceivable that it influences ion entry, transfer, and transpiration processes, and the results support this
theory (Khan et al., 2003; Mahdi et al. 2010). The reason could also be attributed to the synergistic effect of
some phenolic compounds with other growth regulators, such as indole-3-acetic, which play an essential part in
cell division and enlargement, resulting in increased plant height and thus increased vegetative growth and yield
characteristics. These findings were agreed with (Al-sahaf et al., 2017; Abdul Kareem and Saeed, 2017). Humic
acid is thought to have a role in forming plant hormones by activating enzymes in carbon metabolism.

As a result, the accumulation of processed nutrients in the plant rises, stimulating the plant to enhance its
vegetative growth and production characteristics. These findings agreed with (Al-Abbasi et al., 2015). The role
of humic acid has been attributed to increasing the effectiveness of carbon metabolism and element absorption,
which leads to increased plant growth. As a result, vegetative growth and yield characteristics improve (Hegazi
and El-Shraiy, 2007). These findings were consistent with those (Al-Qaisi, 2012; Al-Tamimi, 2015). Besides its
role in increasing carbon dioxide absorption, which aids in carbon metabolism, it increases plant growth (Al-
Obaidi, 2013). Spraying this acid boosts the ratio of nucleic and amino acids and the rate of carbon metabolism.
It enhances carbohydrate content by oxidation, which improves the plant's characteristics and increases yield.
These findings were consistent with those (Kumar et al., 2010; Gholamereza et al., 2011).

4. Conclusions

Adding anti-saline at a concentration of 2 mL L ! enhanced most of the characteristics studied. When 4 mL L
! humic acid was added, a large percentage of the characteristics studied performed better. Concentrations (4.2)
ml L! produced better results in most of the traits studied for the anti-saline/humic acid interaction.
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Investigation of The Physicochemical Properties of Propolis Added Ice Creams During
Storage”

Propolis 1Ilaveli Dondurmalarin Depolama Siiresince Fizikokimyasal ~Ozelliklerinin
Belirlenmesi

Serdar MEHMETOGLU?, Zekai TARAKCI?*
Abstract

The aim of this study is to add functional food feature to ice cream, which is a popular food, by enriching it with
propolis. In addition, another aim of the study is to provide a widespread consumption potential through ice cream
to propolis, which cannot be consumed raw and whose benefits and functional properties are unknown to most
consumers. A mixture consisting of a total of 6 sample groups containing 0.0%, 0.1%, 0.2%, 0.3%, 0.4% and 0.5%
propolis powder was prepared for the ice cream mix. Ice cream samples were prepared from these ice cream mixes.
Different analyses were executed for propolis, ice cream mix and ice cream samples. While only antioxidant
analysis was executed for propolis samples, Dry matter, pH, titration acidity analyzes were executed in ice cream
mix samples. Volume increase index, texture analysis, melting rate, antioxidant activity and sensory analyzes in
propolis added ice cream samples were carried out on different days during 2 months of storage. According to the
findings, while the volume increase of the ice cream samples was not affected by the storage time, the difference
between the propolis concentrations was found. It was observed that the first dripping times increased with storage,
while the melting rate of the ice cream decreased. There was no significant change in the melting rate and first
drip times depending on the propolis concentrations. The texture properties of ice cream samples have changed
with the addition of propolis. The hardness and stickiness values of ice cream samples changed depending on the
storage time. The addition of propolis significantly increased the antioxidant activity. Antioxidant activity was
changed with the addition of propolis. The phenolic content and of ice cream did not change with storage, but
FRAP value decreased slightly after 60 days of storage. Storage time had a limited effect on the physicochemical
and sensory properties of ice cream. Although the addition of propolis negatively affected the physical and sensory
properties of ice cream, it contributed significantly to the antioxidant activity even at the lowest concentrations.
With this study, the potential of propolis-added ice cream as a functional new food for consumers of all ages has
been demonstrated. In line with these results, new studies should be conducted by trying different propolis extracts
and different concentrations, by revealing the functionality of propolis and adding it to new other foods.
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Oz

Bu caligmanin amaci, propolis ile zenginlestirilerek popiiler bir gida olan dondurmaya fonksiyonel gida 6zelligi
kazandirmaktir. Ayrica c¢aligmanin bir diger amaci ¢ig olarak tiiketilmesi miimkiin olmayan, faydalari ve
fonksiyonel o6zellikleri ¢ogu tiiketici tarafindan bilinmeyen propolise dondurma yoluyla yaygin bir tiiketim
potansiyeli saglamaktir. Dondurma miksine % 0.0, % 0.1, % 0.2, % 0.3, % 0.4 ve % 0.5 propolis tozu igeren
toplam 6 adet 6rnek gruplarindan olusan miks hazirlanmistir. Propolis 6érneginde antioksidan analizi; dondurma
misklerinde kuru madde, pH, titrasyon asitligi analizleri ile propolis katkili dondurma 6rneklerinde hacim artig
indeksi, tekstiir analizi, erime orani, antioksidan aktivite ve duyusal analizler 2 aylik depolama siiresince farkli
glinlerde gergeklestirilmistir. Bulgulara goére, dondurmalarin hacim artisin1 depolama siiresi etkilemezken,
dondurma cesitleri arasinda fark bulunmustur. ilk damlama siirelerinde depolama ile artmis, dondurmalarimn erime
oranlarinda ise azalma gozlemlenmistir. Propolis konsantrasyonlarina bagli olarak erime orani ve ilk damlama
siirelerinde onemli degisiklik olmamistir. Dondurmalarin tekstiir 6zellikleri propolis ilavesi ile degismistir.
Dondurmanin sertlik ve yapiskanlik degerleri depolama siiresine bagli olarak degismistir. Propolis ilavesi
antioksidan aktiviteyi 6nemli diizeyde arttirmistir. Antioksidan aktivitede propolis ilavesi ile degisimler olmustur.
Dondurmanin fenolik madde miktar1 degeri depolama ile degismezken, FRAP degeri 60 giinliik depolama sonrasi
bir miktar azalmistir. Depolama siiresinin dondurmanin fizikokimyasal ve duyusal 6zelliklerine sinirli bir etkisi
olmustur. Propolis ilavesi, dondurmanin fiziksel ve duyusal 6zelliklerini olumsuz etkilemesine ragmen, en diigiik
konsantrasyonlarda bile, antioksidan aktiviteye onemli katkilar saglamistir. Bu ¢alismayla, propolis katkili
dondurmanin her yastan tiiketici i¢in fonksiyonel yeni bir gida olarak potansiyeli ortaya konmustur. Bu sonuglar
dogrultusunda farkli propolis ekstraktlar1 ve bunlarm farkli konsantrasyonlari gidalar iizerinde denenerek yeni
¢aligmalar yapilmali ve propolisin fonksiyonelligi arastirilmalidir.

Anahtar kelimeler: Antioksidan aktivite, Fonksiyonel gida, Dondurma, Duyusal, Propolis, Tekstiir.
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1. Introduction

Functional foods are foods that have beneficial effects on human health and nutritious properties. They are
foods that help protect human health thanks to their bioactive components such as antioxidants, dietary fibers,
probiotics, prebiotics, cholines, proteins, oligosaccharides, and phytochemicals (Yash, 2010). Due to the
relationship that consumers establish between food and health, not only the functional food market is becoming
an increasingly growing industry but also studies on functional foods have increased in recent years (Aliyev, 2006;
Yucel et al., 2017). Propolis is a functional food ingredient that has attracted a lot of attention in recent years. It is
a natural resinous substance with a unique aromatic fragrance created by bees over collecting some sections of
plants, plant buds, and plant secretions (Ghisalberti, 1979). It may have diverse colors depending on the source
and level of maturity (Brown, 1989). Propolis has an overly complex chemical structure with more than 300
different compounds within. The chemical composition of propolis varies by factors such as environmental factors,
climate, secretion source, (Cheng and Wong, 1996), and its approximate proximate composition is 50% resin, 30%
wax, 10% essential oils, 5% pollen, and 5% other organic components. Flavanoids, phenolic compounds, esters,
aromatic aldehydes, terpenes, sesquiterpenes, beta-steroids, alcohols, and caffeic acid phenyl ester (CAPE) are
some of the organic compounds that propolis contains (Yucel et al., 2017). Propolis was found to contain a variety
of vitamins (By, B, Bs, C, and E) and micro- and macro-elements (silver, cesium, antimony, mercury, calcium,
copper, manganese, iron, aluminum, and vanadium) (Deblock-Bostyn, 1982). The main use of propolis by bees is
to provide insulation inside the hive (Marcucci, 1995). In addition to the insulation function of propolis applied in
layers of the hive, it is also used by bees for sealing the hive, repairing, and bonding the honeycomb, diminishing
the access to the hive, fighting disease factors. Furthermore, propolis helps prevent microbial growth in the hive
(Kumova, 2002) owing to its region and strain dependent antimicrobial activity (Apaydin and Giimiis, 2018). It
was also applied as a coating material to enhance shelf life of food products due to its antimicrobial properties
(Giiler et al., 2022). Researchers utilized antimicrobial properties of propolis at different foodstuffs such as milk,
meat and sausages and used propolis for enhancing antioxidative and pharmalogical properties of foods such as
yoghurt, soups, and dairy beverages (Irigoiti et al., 2021).

Development of a new functional food by adding propolis to ice cream is aimed in this study. Providing a
widespread consumption potential to propolis which cannot be consumed in raw form, by adding popular foodstuff
ice cream was also aimed. In this context, propolis powder was prepared and included in the ice cream formulation
at different concentrations, and its effect on the physicochemical, functional, textural, and sensory properties was
determined for two months of storage.

2. Materials and Methods
2.1. Propolis powder preparation

For the preparation of propolis powder, raw propolis collected from the apiaries of the Apiculture Research
Institute in Ordu, Turkey in the summer of 2018 was used. Crude propolis was shaken in an ethanol-water solution
(70/30%) for the propolis pre-extraction process for 10 days. The propolis extract was obtained after the removal
of the precipitate by passing the mixture through filter paper. The extract was kept at 4°C for one day and filtered
again and the precipitate was again removed. A rotary evaporator system (Buchi R300) at the Apiculture Research
Institute Food Technology Laboratory was used to remove ethanol from the extract. Aqueous propolis extract was
kept in a freezer at -18°C until the lyophilization process, which was carried out at the Ordu University Central
Research Laboratory. The propolis powder obtained (83.4 g of powder was obtained from 212.37 g of crude
propolis) was stored at -18°C until its utilization for ice cream production. Total phenolic content and antioxidant
activity of propolis powder were determined according to the method explained in the sections of 2.4.2 and 2.4.3,
respectively.

2.2. Preparation of ice cream mix

Pasteurized cow milk (Ak Gida, Sakarya) with 10.7% dry matter, 2.9% protein, and 3.1% fat contents and a
pH value of 6.57 was used for producing ice cream mix. The company also provided cow milk cream (35% fat,
3% lactose, and 1.5% protein). Skimmed milk powder was obtained from the Pinar Company (Izmir, Turkey) and
powdered beet sugar was from the Konya Sugar Company (Konya, Turkey). An emulsifier/stabilizer mix was
obtained from MEC3 Company (Izmir, Turkey).
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Ice cream mix (ICM) consisted of 63.07% milk, 16% sucrose, 15.17% cream, %5.17 skimmed milk powder,
0.3% emulsifier, and 0.3% stabilizer. For an efficient pasteurization process, all ingredients were stirred in milk
and homogenized. Prior to ice cream production, ice cream mix was aged for 24 h, at 4°C. Propolis powder content
of ICM samples were adjusted to 0%, 0.1%, 0.2%, 0.3%, 0.4%, and 0.5% and their analyzes were performed
following 24 h of aging.

2.3. Ice cream production

The six groups of propolis added ice cream were produced (Delonghi, ICK 5000) in two replicates. Ice cream
samples (ICM) were analyzed on the 3rd, 30th, and 60th days of storage. Ice cream samples and ice cream
formulations were grouped as in Table 1.

Table 1. The trial pattern of ice cream mix and ice cream samples

Ice cream L Storage time (days)
mix Application level 3 30 60
Control Mix group without propolis

ICM1 Mix group with 0.1% propolis added
ICM2 Mix group with 0.2% propolis added
ICM3 Mix group with 0.3% propolis added
ICM4 Mix group with 0.4% propolis added
ICM5 Mix group with 0.5% propolis added

2.4. Analyzes of ice cream mix
2.4.1. Physicochemical analysis

Ice cream samples (5 g) were dried in an oven at 105°C and the results were presented (% of sample weight)
(AOAC, 2013). The pH values of samples were determined using a pH meter (Ohaus Starter 3100, USA). Solution
from pH analysis was filtered, and the titratable acidity analysis was carried out by calculating as lactic acid
equivalent.

2.5. Analyses of ice cream
2.5.1. Volume increase index (overrun), first dripping time, and melting rate

The overrun rate was detected by method given by Ahmad et al. (2020). Ice cream samples were weighed as
15 g and used for analysis of melting rate and first dripping time. The time of first drop (in seconds) is recorded
and melting rate was calculated according to melted amount after 30 minutes (Kavaz et al., 2016).

2.5.2. Total phenolic content

To determine the total phenolic content of propolis powder and ice cream samples, 200 pL of the solution was
taken from the solution, 0.1 mL of Folin-Ciocalteu reagent and 0.3 mL of Na,CO3 (2%) were added and it was
completed to the final volume of 5 ml with distilled water. Different concentrations of gallic acid were used to
obtain the standard curve. The samples that will react with Folin-Ciocalteu were read against blank (pure water)
at 760 nm and the results were expressed as gallic acid equivalents (Giilgin, et al., 2004).

2.5.3. Antioxidant activity

For antioxidant activity analysis, propolis powder and ice cream samples were extracted with ethanol. Ferric
Reducing Antioxidant Power (FRAP) and analysis were performed to determine antioxidant activity of samples.

For the FRAP analysis, Trolox was used to plot the standard curve, and analysis was performed by reading the
colored liquid formed as a result of the reaction between the sample solutions and Trolox FeCls, against the blank
at 700 nm. Briefly, 1.17 mL sodium phosphate buffer (0.2 M, pH 6.6) and 1.25 mL of potassium Ferro cyanide,
Trolox standard solution (80-240 pL), stock sample solution (80 uL) and KsFe (CN) s] (1%) were added at tubes
and the solutions were incubated at 50°C for 20 minutes. After incubation, 1.25 mL of 10% trichloroacetic acid is
added to the solutions. Then 0.25 mL of 0.1% FeCls was added and the tubes were vortexed and read in the
spectrophotometer (Oyaizu, 1986).
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2.5.4. Texture analysis

Following storage of ice creams at -18°C for 24 hours, the hardness and stickiness values of ice creams were
measured at 20°C by a texture analyzer (TA-TX plus, Stable Microsystem, Reading, UK).

2.6. Sensory analysis

Ice cream samples were evaluated by 10 panelists. The panelists evaluated color-appearance, taste-aroma,
structure-texture, meltability, and overall acceptability of samples on a 5 point hedonic scale (1: unacceptable; 5:
very good).

2.7. Statistical analysis

All ice cream and propolis analyses were performed as two replicates. The SPSS statistical software was used
to analyze the obtained data. Analysis of variance (ANOVA) was executed for statistical differences between
propolis added ice cream groups and storage periods. Then, the statistically significant (a=0.05) differences were
subjected to the Tukey's Multiple Range Test.

3. Results and Discussion
3.1. Total phenolic content and antioxidant activity of propolis powder

The antioxidant activity values of the propolis powder sample were as” FRAP 396.84+6.52 mg TE in powder
propolis sample. The total phenolic content was as total phenolic 136.19+3.35 GAE mg/mL. Sowmya et al. (2019),
found the value of the total phenolic substance amount of the propolis sample they obtained in their study in India
as 18.6 mg/mL GAE. The value that we found in this study is higher than this value. Ozdal et al. (2018), collected
propolis samples from various parts of Turkey and determined their antioxidant activity. While the total amount
of phenolic substance was higher than the value we found in our study, the FRAP value was found to be lower
than the value we obtained in our study. The difference may be due to regional differences and seasonal factors to
propolis content.

3.2. Dry matter, pH and titratable acidity of ice cream mix samples

The dry matter analysis, pH, titratable acidity results of the ice cream mix samples were shown in Table 2. In
general, a higher dry matter content in an ice cream mix ensures a greater resistance to melting (Oztiirk, 1969;
Tekinsen and Karacabey, 1984). There was no significant difference between the ice cream mixes in terms of dry
matter (p>0.05). The dry matter concentrations of the have been determined between 36.9 and 39.3%. While Sen
(2016) found the dry matter ratio of ice cream mixes between 35.25-37.35 g/100g, Or (2009) found the dry matter
ratios of ice cream samples between 32.43-45.71 g/100g, and. These dry matter ratios are similar to the dry matter
ratios we found in our study. However, dry matter content of propolis-added ice creams ranged between 32.43 and
33.37% in the study done by Demir Ozer (2021) and it was lower than the results found in this study.

Table 2. Dry matter, pH and titratable acidity of ice cream mixes

Ice Cream AEES . .
Mix Type Dry Matter pH Tltratqble Audlty

(%) (Lactic acid %)
Control 39.1£1.7 6.45+0.02 1.20+0.03
ICM1 36.9+1.2 6.50+0.02 1.31+0.09
ICM2 38.5+4.1 6.29+0.04 1.11+0.01
ICM3 39.34+0.5 6.42+0.03 1.29+0.15
ICM4 38.4+3.1 6.36%0.06 1.394+0.18
ICM5 38.5+1.8 6.40+0.05 1.29+0.01

Control (0% propolis powder), ICM1 (0.1% propolis powder), ICM2 (0.2% propolis powder), ICM3 (0.3% propolis powder),
ICM4 (0.4% propolis powder), ICM5 (0.5% propolis powder)

It can be seen from Table 2 that the difference between the pH values of the ice cream mix samples was not
statistically significant according to the analysis of variance (p>0.05). The pH values have been found in the range
of 6.29 to 6.50. The fact that the only difference between the compositions of the ice cream mixes is propolis
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concentration made the pH values very close to each other. Kurultay et al. (2010), found the pH values of the
samples as 6.55 and 6.57, Tekinsen et al. (2011) found it between 6.35 and 6.41, and Demir Ozer (2021) determined
the pH values as 6.59-6.61. Similar pH readings to these values were recorded in our study.

According to the calculations, titratable acidity values of propolis-added ice cream mixes were between 1.11
and 1.39% as lactic acid equivalents. There was no statistical difference between the calculated values (p>0.05).
Titratable acidity value in ice cream depends on the amount of fat-free dry matter in the formulation (Giirsel and
Karacabey, 1998). Dagli (2006) and Demir Ozer (2021) determined the acidity of ice cream samples as 0.190-
0.198% and 0.20-0.24% lactic acid equivalent, respectively while Acu et al. (2017) determined as 1.25-1.47%.
The reason for the acidity differences between studies is thought to be the use of different ingredients and
formulations.

3.3. Ice cream analyses
3.3.1. Volume increase index (overrun)

The volume increase index in ice cream is due to the air entering the mixture while it is partially frozen by
mixing. Too much air entering to the mixture causes a granular structure while a low amount of air causes too hard
texture. A volume increase between 15% and 50% is required in good quality ice creams (Tekinsen, 2008). The
change in the volume increase values of the propolis-added ice cream samples in the 60-day storage period is given
in the Table 3.

Table 3. Overrun values (%) of ice cream samples

Storage Time (days)

Ice Cream Type

3 30 60
Control 20.84+0.75b 23.50+0.77a 22.49+0.49ab
ICM1 23.26+0.16a 23.00+0.10a 23.37+0.36a
ICM2 23.45+0.15a 21.50+0.20b 23.41+0.32a
ICM3 20.83+1.64b 21.90+1.50b 21.65+0.75b
ICM4 22.57+0.58ab 23.50+0.46a 23.67+0.24a
ICM5 22.57+0.59ab 22.90+0.37ab 22.65+0.09ab

Control (0% propolis powder), ICM1 (0.1% propolis powder), ICM2 (0.2% propolis powder), ICM3 (0.3% propolis powder),
ICM4 (0.4% propolis powder), ICM5 (0.5% propolis powder). a-b: There is a statistical difference between ice cream groups
shown with different letters in the same column (P<0.05).

Considering the overrun values, a statistical difference was found between the ice cream samples depending
on the propolis concentrations (p<0.05). There was no statistical difference between the volume increase values
obtained at the end of the storage periods (p>0.05). The highest overrun value was found in the ICM4 group, stored
for 60 days, and the lowest volume increase was in the ICM3 ice cream group, stored for 3 days. Atsan and Caglar
(2008) found the overrun values between 31.13% and 41.71% in their study. The values obtained in the study in
which different stabilizers were used are higher than the values we obtained in our study. Antepiiziimii (2005)
found an increase in volume between 16.32 and 35.95% in ice creams produced using honey and glucose syrup.
Some of these results are close to the values obtained in this study. The differences between studies are thought to
be due to ice cream formulations, production technique, and freezer performance.

3.3.2. Determination of first dripping time and melting rate

The first dripping times and melting rates of the propolis added ice cream samples are shown in Table 4. The
first dripping time was not affected significantly by the concentrations of propolis (p>0.05). However, storage was
found to have a significant effect on the first dripping time (p<0.01). The shortest first dripping time occurred in
the ICML1 codes ice cream samples, which were stored for 3 days, and the longest was in the ICM4 codes ice cream
samples, which were stored for 60 days. The first dripping time values were increased significantly after 30 days
of storage. The averages of the groups with different propolis concentrations were close to each other. Sen (2016)
found first dripping time values between 1288 seconds and 1044 seconds in ice cream samples produced using
sahlep obtained from orchids from Turkey's different regions. Giiven et al. (2010) found this value between 1285
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and 2000 seconds in their study where they produced Kahramanmaras type ice cream with low fat content. The
values in these studies are higher than the values determined in this study.

Different propolis concentrations in the ice cream samples did not make a statistically significant difference in
the melting rate and the first dripping time (p>0.05). After the 30and 60 days of storage, it was observed that the
melting rate decreased, and this decrease was found to be statistically significant (p<0.01). The highest melting
rate was calculated for the ICM3 group stored for 3 days and the lowest melting rate was in the control group ice
cream stored for 60 days. Karaman et al. (2011) produced ice cream using 0.5% and 1% salep and found the
melting rate at the 30" minute to be 22.70-78.89%. In this study, the melting rate of ice cream produced using 0.5%
salep is close to the melting rate of ice cream produced in this study, while it is below the melting rate of ice cream
produced with 1% salep. It is thought that the change in the first dripping time and melting rates during storage is
because the ice cream has a harder structure during storage. The hardness values obtained in the texture analysis
performed in this study also confirm this claim.

In a study evaluating the antimicrobial effect of propolis-added ice cream, it was observed that the addition of
propolis did not significantly affect the first dripping time and melting rate results. In the study, the first dripping
times were found to be between 421s-459s, and the melting rate was found to be between 16.4% and 16.7% (Demir
Ozer, 2021). The values in this study were found to be higher than these values and this difference is thought to
be due to the changes in ice cream formulations.

Table 4. First dripping times (s) and melting rates (%) of samples

Storage Time (day)

Ice Cream Type

3 30 60
Control 759.0+£36.0A 915.0+45.0B 940.0+80.0B
ICM1 717.5£77.5A 975.0+45.0B 950.0+10.0B
First Drip ICM2 927.5+17.5B 975.0+15.0B 900.0+60.0B
Time (sec) ICM3 795.0+£70.0A 960.0+0.00B 930.0+30.0B
ICM4 865.0+£20.0A 912.5+12.5B 1000+20.0B
ICM5 845.0+45.0A 870.0+£30.0A 930.0+10.0B
Control 63.96£1,27A 41.80+0.42B 38.10+0.80C
ICM1 64.78+0.92A 42.05+0.67B 40.65+0.62B
Melting Rate (%) ICM2 68.10+1.12A 42.50+1.02B 39.55+0.67C
ICM3 68.60+0.54A 39.70+0.85C 38.85+0.30C
ICM4 66.75+1.58A 40.73+0.34B 40.40+0.20B
ICM5 67.60+0.82A 41.30+0.29B 39.80+1.07C

Control (0% propolis powder), ICM1 (0.1% propolis powder), ICM2 (0.2% propolis powder), ICM3 (0.3% propolis powder),
ICM4 (0.4% propolis powder), ICM5 (0.5% propolis powder). A-C: There is a statistically significant difference between the
storage times shown in different capital letters on the same row (P <0.05)

3.3.3. Texture analysis in ice cream

Hardness and stickiness values of ICM samples were calculated via texture analyses. The texture analysis
results of the samples are presented in Table 5.

The addition of propolis powder to the ice cream formulation at different rates affected the hardness and
stickiness values of the ice creams insignificantly (p>0.05). In addition, hardness values obtained after 3rd day of
storage were significantly different from values obtained after 30 and 60t days (p<0.05). The stickiness value
obtained on the 30th day of storage was found significantly different from the values obtained in other storage
periods (p<0.05). The highest hardness value was obtained in the ICM1 ice cream stored for 60 days; the lowest
hardness value was obtained in the control group ice cream stored for 3 days. In addition, among ice cream samples,
the group with the highest stickiness was determined as the ICM3 group, which was stored for 30 days, and the
group with the lowest stickiness, the control group, which was stored for 60 days. After the 30 day of storage, the
hardness values increased significantly. The changes between concentrations and hardness values after 60 days of
storage were not statistically significant. Karaman et al. (2014) produced ice cream by adding persimmon paste to
ice cream mix in different proportions in their study. In this study, they also investigated the texture properties of
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ice cream groups. They found the hardness values of the samples between 44.34 N and 162.20 N. These values
are higher than the values we found. It was thought that this situation caused by using different formulations and
the fact that the ice cream dry matter components significantly affect the hardness. Karaman et al. (2014) found
stickiness values between -7.83 and -4.11 N in their studies. These values are higher than the values we determined
as well as the hardness value. As an alternative measurement to stickiness, Demir Ozer (2021) indicated lower
adhesiveness and cohesiveness values with the inclusion of propolis in ice cream samples.

Table 5. Texture analysis results of samples

Storage Time (day)
Ice Cream Type
3 30 60
Control 2.03+0.26A 29.02+10.76B 16.15+£2.05B
ICM1 7.40+0.24A 28.21+6.10B 41.47+0.54B
ICM2 3.25+0.22A 24.64+3.31B 34.56+17.05B
Hardness
ICM3 5.88+1.53A 32.83+6.80B 35.77+£22.94B
ICM4 2.92+0.21A 34.04+4.78B 18.41+13.22B
ICM5 4.44+1.25A 26.19+3.99B 26.31+6.10B
Control -0.40+0.02A -0.81+£0.19B -0.15+£0.02A
ICM1 -0.58+0.04A -0.65+0.13A -0.67+£0.22A
L. ICM2 -0.25+£0.01A -0.74+0.04B -0.35+£0.34A
Stickiness
ICM3 -0.54+0.06A -1.19+0.63B -1.01+0.64B
ICM4 -0.51+£0.06A -1.12+0.03B -0.22+0.09A
ICM5 -0.59+0.01A -1.11+£0.24B -0.89+0.07B

Control (0% propolis powder), ICM1 (0.1% propolis powder), ICM2 (0.2% propolis powder), ICM3 (0.3%
propolis powder), ICM4 (0.4% propolis powder), ICM5 (0.5% propolis powder). A-B: There is a statistically
significant difference between the storage times shown in different capital letters on the same row (P<0.05).

3.3.4. Total phenolic content and antioxidant acidity of ice creams

In our study, the antioxidant activity of the samples was determined by calculating the FRAP value. Since
phenolic components have antioxidant properties, the high amount of total phenolic substance usually indicates
high antioxidant activity (Shori and Baba, 2013). The total phenolic contents and FRAP values of ice cream
samples are as in Table 6.

The change of FRAP values was statistically significant (p<0.05). Propolis addition to ice cream has
significantly affected total phenolic content and FRAP values (p<0.01) sample groups. The ICM5 group (3rd day)
had the highest total phenolic content while the lowest was determined in the control group stored for 60 days.
Kamiloglu et al. (2013) compared the antioxidant activities of food products containing black mulberry collected
from the market in their study. In this study, the total phenolic contents of black mulberry ice cream was also
calculated. It has been reported that the total phenolic content of black mulberry ice cream was calculated as 3.779
mgGAE/g. This value is higher than the values of all ice cream types in our study. The reason for this situation
thought to be that although propolis added to the ice cream mix at a very low concentration in our study, the fruit
ice cream analyzed in this study contained a higher rate of black mulberry. In their study, Ghosh and Bhattacharjee
(2014) found the total phenolic contents of ice creams they produced by adding basil extract between 0.31 mg
GAE/ml and 0.38 mgGAE/ml. The total phenolic contents of the ice creams we produced by adding propolis were
higher. An increase in total phenolic content and antioxidant activity of yogurt was determined with the addition
of propolis to yogurts in a study by Santos et al. (2019). This is thought to be due to the very high antioxidant
activity of propolis. The highest FRAP value was calculated in the ICM5 group stored for 3 days and the lowest
FRAP value in the control group stored for 3 days. The propolis concentration increases the FRAP values, which
decrease a little with storage. Kamiloglu et al. (2013) found the FRAP value of black mulberry ice cream they
collected from the market as 8.861 mg TE/g. This value is higher than the FRAP values of the ice creams we
produce. The reason for this thought to be that black mulberry added to the mix at an exceedingly high
concentration in the ice cream analyzed in the study. When the antioxidant activity analyses were examined in
general, it was found that the addition of propolis increased the antioxidant activity of ice creams. It was determined
that the storage period only affects the FRAP values but not the total phenolic content.
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Table 6. Antioxidant activity values of ice cream samples

Storage Time(day)

Ice Cream Type

3 30 60
Control 0.27+0.01a 0.43+0.10abc 0.09+0.03a
Total Phenolic ICM1 0.40+0.05abc 0.41+0.08abc 0.21+0.04a
Content ICM2 0.51+0.05bc 0.42+0.12abc 0.35+0.07ab
(MgGAE/gr) ICM3 0.56+0.05bc 0.63+0.07bc 0.54+0.11bc
ICM4 0.74+0.03¢ 0.73+0.10c¢ 0.65+0.19bc
ICM5 1.19+0.26d 0.83+0.06¢ 0.99+0.18d
Control 1.18+0.07a,A 2.27+0.14ab,A 1.25+0.15a,A
ICM1 2.48+0.03ab,A 2.56+0.05ab,A 2.19+0.64ab,A
FRAP ICM2 4.89+0.24bc,AB 4.69+0.08bc,AB 2.92+0.16ab,A
(mgTE/gr) ICM3 5.88+0.28¢d,BC 6.41+0.25¢d,BC 4.73+0.13bc,AB
ICM4 7.21+0.89d,BC 4.79+0.26bc,AB 5.18+1.45¢d,BC
ICM5 9.42+0.03d,BC 6.39+2.50cd,BC 5.90+0.14¢d,BC

Control (0% propolis powder), ICM1 (0.1% propolis powder), ICM2 (0.2% propolis powder), ICM3 (0.3% propolis powder),
ICM4 (0.4% propolis powder), ICM5 (0.5% propolis powder). a-d: There is a statistical difference between ice cream
groups shown with different letters in the same column (P<0.05). A-C: There is a statistically significant difference
between the storage times shown in different capital letters on the same row (P <0.05).

3.3.5. Sensory analyses of ice cream samples

The sensory properties of ice cream samples evaluated by different panelists in terms of color-appearance,
structure-texture, taste-aroma, meltability, and overall acceptability scores are given in Table 7.

The change in color-appearance scores of ice cream samples during storage was found insignificant (p>0.05).
The effect of different propolis concentrations on color-appearance scores was found statistically significant in
sensory evaluations (p<0.01). The highest color-appearance scores were found in the control group, while the
lowest scores were found in ICMS group containing the highest concentration of propolis powder. Yasar and Sahan
(2008) stated that the color-appearance scores of the Kahramanmaras type ice cream produced using honey was
affected negatively with increasing honey ratio. Antepiiziimii (2005) used honey and glucose syrup in the
formulation of ice cream in his study and stated that the ice cream containing honey had lowest color scores.

When the structure-texture scores of the ice cream groups were analyzed statistically, it was found that the
difference between the storage time and the scores obtained from different concentrations was insignificant
(p>0.05). It is determined that the control group stored for 3 days with the highest score, and the ICM4 and ICM5
group ice creams stored for 60 days with the lowest score. The probiotic ice cream produced by Bakir (2015) has
a higher score than the control group considering the structure-texture feature. Koyun (2009) stated that there was
an insignificant difference between the texture-consistency scores of the ice cream produced by skimmed milk
powder and whey protein concentrate.

It was determined that both the propolis concentration and the storage time significantly affected the scores
obtained by the groups in the taste-aroma sensory evaluations (p<0.01). The highest taste aroma score was found
in the ICM1 group, which was stored for 3 days, and the lowest in the ICM4 group, which was stored for 60 days.
There is no statistical difference between the taste-aroma scores of the ice creams with propolis additions. ICM1
ice cream samples were determined to have a different mean from all other groups. When the averages of the ice
cream samples are examined according to the storage time, it was determined that the 3-day group samples with
high scores were different from the other groups. Yasar and Sahan (2008) and Antepiiziimii (2005) added honey
to ice cream in their study. In both studies, it stated that the addition of honey negatively affected the taste-aroma
scores of ice cream.

There was statistically significant difference (p>0.05) between the meltability scores during the storage period.
However, the difference between the sensory scores of the ice creams with different propolis content was
statistically significant (p<0.01). The highest scores were found in the control group, while the lowest scores were
in the ICM5 group.
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The overall acceptability scores of the sensory evaluations made by the panelists on different days are shown
in Table 8 and the scores differed insignificantly among the storage periods (p>0.05). It was determined that the
on the general acceptability scores was affected by the propolis concentration significantly (p<0.01). Like other
sensory features, the control group achieved the highest scores, while the ICM5 group got the lowest. Because of
the sensory evaluations, it can be said that the most liked group was the control group. The addition of propolis
negatively affected all sensory properties of ice creams. Addition of propolis to ice cream up to 0.6% was found
acceptable in terms of sensory in a study by Mironova et al. (2020) in which they studied the propolis
concentrations between 0 and 0.9%.

Table 7. Effect of propolis powder concentrations on sensory properties of ice creams

Storage times (day)

Ice Cream 3 30 &0
Control 4.9+0.1a 4.7+0.1a 4.5+0.2a
ICM1 4.2+0.2ab 4.3+0.2a 4.1+£0.2ab
Color and ICM2 4.4+0.2a 4.4+0.2a 4.2+0.2ab
Appearance ICM3 3.9+0.3bc 3.74£0.3bc 3.54+0.3bc
ICM4 3.9+0.3bc 3.6+0.3bc 3.5+0.3bc
ICM5 3.6+0.4bc 3.5+0.4bc 3.3+0.3¢
Control 4.1+0.3 4.0+0.2 3.8+0.2
ICM1 3.9+0.3 3.9+0.3 3.8+£0.2
Structure ICM2 3.7+0.2 3.8+£0.2 3.6+£0.2
Texture ICM3 3.7+0.2 3.6+£0.3 3.4+0.3
ICM4 3.7+0.2 3.6+0.3 3.5+0.3
ICM5 3.6+0.3 3.7+£0.2 3.5+¢0.2
Control 4.6+0.2a,A 4.0+£0.1b,B 4.0+0.2b,B
ICM1 4.9+0.1a,A 3.9+0.1b,B 4.2+0.2ab,B
ICM2 4.5+0.2a,A 3.8+0.2b,B 4.0+0.2b,B
Taste and ICM3 4.4£0.2ab,A 3.6£0.2b.B 3.7£0.3b,B
Aroma ICM4 4.4+0.2ab,A 3.6+0.2b,B 3.540.2b,B
ICM5 4.3+0.3ab,A 3.7+0.3b,B 3.7+0.3b,B
Control 4.1+0.3a 4.2+0.3a 4.1+0.3a
ICM1 3.7+£0.3ab 3.6+0.3ab 3.6+0.3ab
Meltability ICM2 3.7+£0.2ab 3.6+0.3ab 3.4+0.3b
ICM3 3.6+£0.3ab 3.5+0.3ab 3.3+0.2b
ICM4 3.5+0.3ab 3.8+0.2ab 3.6+0.2ab
ICM5 3.4+0.3b 3.2+0.1b 3.1£0.2b
Control 4.3+0.2a 4.4+0.2a 4.2+0.2a
ICM1 4.24+0.2a 4.2+0.2a 3.9+0.2ab
Overall ICM2 4.1+0.3ab 4.0+£0.2ab 3.8+0.2ab
Acceptability ICM3 3.8+0.2ab 3.8+0.2ab 3.6+0.2b
ICM4 3.8+0.2ab 3.9+0.2ab 3.8+0.2ab
ICM5 3.7+0.2b 3.6£0.2b 3.5+0.2b

Control (0% propolis powder), ICM1 (0.1% propolis powder), ICM2 (0.2% propolis powder), ICM3 (0.3% propolis powder),
ICM4 (0.4% propolis powder), ICM5 (0.5% propolis powder). a-c: There is a statistical difference between ice cream groups
shown with different letters in the same column (P <0.05). A-B: There is a statistically significant difference between the
storage times shown in different capital letters on the same row (P <0.05).

Santos et al. (2020) reported that the addition of red propolis, as a substitute of chemical preservative, into
yogurt did not affect the sensory properties of yogurts while Korkmaz et al. (2021) indicated that the sensory
acceptance of yogurts decreased when propolis was included in yogurts. However, Luis-Villaroya et al. (2015)
added propolis to apple juice due to the protective properties of propolis in his study. Similar to the results in our
study, it has been reported that as the propolis concentration increases, a decrease in consumer taste is observed.
According to the results of sensory analysis, it was reported that the group containing the highest propolis achieved
the lowest scores.
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4, Conclusion

In this study, a functional ice cream product was formulated by adding propolis powder. It is physicochemical,
sensory, and bioactive properties were investigated during storage. It was determined that adding propolis did not
significantly affect the physicochemical properties. Propolis concentration did not affect the melting rate and first
dripping times significantly but it affected overrun values. No significant change was seen in ice creams regarding
propolis concentration, but hardness and stickiness values change with extended storage time. While the addition
of propolis contributed significantly to the antioxidative properties, increasing propolis concentration caused a
decrease in sensory analysis scores. When antioxidant activity analyzes and sensory analyzes are evaluated
together, it is seen that the ice cream sample containing 0.2% and 0.3% propolis are the ideal groups to produce
propolis-added ice cream. In line with these results, further studies should be carried out on different types of
propolis extracts. It is thought that the propolis powder has highly promising properties for propose a novel
functional food to consumers from any ages.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Golden delicious L. Cesidi ElImanin Kuruma Ozelliklerine On Islemlerin Etkisi

Effect of Pretreatment on Drying Properties of Golden delicious L. Apple

Muhammed TASOVA?'", Samet Kaya DURSUN?

Oz

Elma (Malus domestica), giilgiller (Rosaceae) familyasindan kiiltiirii yapilan bir tiir olup taze olarak tiiketiminin
yaninda kurutulup meyve ve cips olarakta tiiketimi son yillarda daha fazla popiiler hale gelmistir. Ancak yapilan
kurutma iglemlerinde enerji ve kalite 6zellikleri dikkate alinarak uygun kurutma sartlariin belirlenmesi 6nemlidir.
Bu ¢aligmada, bazi kurutma 6n islemleri (sitrik asit, potasyum karbonat, vakum impregnasyon) Golden delicious
L. ¢esidi elma dilimlerine uygulayarak kurutma isleminin enerji tiiketimini azaltmak ve 6rneklerin fiziko-kimyasal
ozelliklerinin korunmasi amaglanmistir. Elma dilimleri sabit 70 °C sicaklikta 3.98+0.06’dan 0.06+£0.019 g nem g
kuru madde™ degerine kadar kurutulmustur. Calismada, en kisa kuruma siiresi 5.5. saat olarak tespit edilirken en
uzun kuruma siiresi ise 9.5 saat olarak belirlenmistir. En iyi tahmin eden matematiksel model Wang Sing olarak
belirlenmistir. Kurutma islemlerinin efektif diflizyon degerlerinin 1.03x105-6.67x10° m? s arasinda degistigi
tespit edilmistir. Sitrik asit ¢ozeltisine bandirildiktan sonra kurutulan &rneklerin efektif difiizyon degerinin en
yiiksek oldugu bulunmustur. Tazenin renk degerlerini en iyi (P<0.05) sitrik asit ¢ozeltisine bandirildiktan sonra
kurutulan 6rnekler muhafaza ettigi belirlenmistir. En diisiik toplam enerji, 6zgiil enerji tiiketimi (SEC) ve
buharlagsma gizli 1s1 degerleri sitrik asit ¢dzeltisine bandirilan 6rneklerin kurutulmasi igleminde belirlenmistir. Bu
degerler sirastyla 0.766 kWh, 247.41 kWh kg™, 2.02 kWh olarak bulunmustur. En yiiksek 6zgiil nem ¢ekme orani
(SMER) yine sitrik asit ¢ozeltisine bandirilan 6rneklerin kurutulmasinda ve 0.00404 kg kWh olarak tespit
edilmistir. Elde edilen bulgular dogrultusunda Golden delicious L. ¢esidi kurutulmus elma dilimlerinin optimum
enerji parametreleri ve fiziko-kimyasal 6zellikleri goz oniine alindiginda belirlenmesinden dolay sitrik asit
¢ozeltisine bandirdiktan sonra kurutulmasi dnerilmektedir. Vakum impregnasyon 6n islemi uygulandiktan sonra
kurutulan 6rneklerde bazi renk degerleri tazeye istatistiksel agidan daha uygun oldugu belirlenmesinden dolay1
bundan sonraki ¢aligmada sitrik asit+vakum impregnasyon 6n isleminin uygulamasi 6nerilmektedir.

Anahtar Kelimeler: Elma, Kurutma iglemleri, Enerji parametreleri, Buharlagma gizli 1s1s1, Kalite.
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Abstract

Apple (Malus domestica) is a cultured species from the rosaceae (Rosaceae) family, and its consumption as fresh
as well as dried fruit and chips has become more popular in recent years. However, it is important to determine
the appropriate drying conditions in the drying processes, taking into account the energy and quality characteristics.
In this study, it was aimed to reduce the energy consumption of the drying process and to preserve the physico-
chemical properties of the samples by applying some drying pretreatments (citric acid, potassium carbonate,
vacuum impregnation) to apple slices of Golden delicious L. Apple slices were dried at a constant temperature of
70 °C from 3.98+0.06 to 0.06+0.019 g moisture g dry matter’. In the study, the shortest drying time was 5.5. The
longest drying time was determined as 9.5 hours. The best predictive mathematical model was determined as Wang
Sing. It has been determined that the effective diffusion values of the drying processes vary between 1.03x105-
6.67x10% m? s’%. It was found that the effective diffusion value of the dried samples after dipping in citric acid
solution was the highest. It was determined that the fresh color values were preserved best (P<0.05) for the dried
samples after dipping in citric acid solution. The lowest total energy, specific energy consumption (SEC) and latent
heat of evaporation values were determined in the drying process of the samples dipped in citric acid solution.
These values were found as 0.766 kWh, 247.41 kWh kg, 2.02 kWh, respectively. The highest specific moisture
absorption rate (SMER) was determined as 0.00404 kg kWh! in the drying of the samples dipped in citric acid
solution. In line with the findings obtained Golden delicious L. variety is recommended to be dried after dipping
in citric acid solution because the optimum energy parameters and physico-chemical properties of dried apple
slices are determined. Since it has been determined that some color values are statistically more suitable for fresh
in dried samples after vacuum impregnation pretreatment is applied, it is recommended to apply citric
acid+vacuum impregnation pretreatment in the next study.

Keywords: Apple, Drying processes, Energy parameters, Latent heat of evaporation, Quality.
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1. Giris

Diinya genelinde en yaygin tiiketilen meyvelerden biriside elmadir. Biinyesinde ortalama %80-85 oraninda su
barindiran elma meyvesi %10-14 karbonhidrat, %0.3 protein, %0.2 lipit, %2 lif ve bir ¢cok mineral maddeden
olusmaktadir (Winiczenko ve ark., 2021). Elma iyi bir diyet gidasi olmasimin yan: sira saglik agisindan astim ve
kolesterol rahatsizliklarmin iyilesmesine katki sagladigi bildirilmektedir (Bora ve ark., 2018). Kiiresel elma
tiretimi miktar1 2015 yilinda 82.408.896 ton iken bu degerin 2019 yilinda 87.236.221 tona ulastigi belirtilmektedir.
Ulkemiz ise 3.618.752 ton ile 4. sirada yer almaktadir (Karakaya ve Kiziloglu, 2021). Elma taze olarak tiiketiminin
yaninda sirke, sarap, recel ve kozmetik iiriinlerin yapiminda da kullanilmaktadir. Ozellikle dip dékiintii elmalar
kurutularak meyve cipsi, kuru meyve yapilarakta 6nemli ekonomik gelir elde edilmektedir. Anonim (2022),
kurutulmus 250 g elma meyvesinin ortalama 30 TL civarinda satildigini belirtmistir.

Elma kurutma isleminde bilinen en eski kurutma yontemi giineste aciga serilerek gerceklestirilen dogal
kurutmadir. Giineste kurutma, maliyet ve ¢evreci olmasi yoniinden avantajli bir yontemdir. Fakat agikta kurutma
isleminde {irliniin her zaman kurutulma olanaginin olmamasi, kuruma siiresinin ¢ok fazla olmasi, istenilen nem
seviyesine ulasmadiginda kiiflenme sorununun meydana gelmesi ve ¢evresel etmenlerden (toz, riizgar, yagmur,
bocek, ilag vb.) olumsuz yonde etkilenmeye agik olmasi yoniinden ise dezavantajlidir (Purohit ve ark., 2006;
Sharma ve ark., 2009; Taskin ve ark., 2021). Elma kurutma islemlerinde ¢ok fazla tercih edilen diger bir yontem
ise konvansiyonel kurutmadir. Bu yéntemde agik kurutma metoduna gore kurutma igleminin daha hizli, 1s1
dagiliminin daha homojen ve son kalite degerlerinin daha yiiksek oldugu sonuglar alinmaktadir (Morais ve ark.,
2018; Yan ve ark., 2019; Boateng ve Yang, 2020). Tarimsal iiriinlerin {iretiminden tiiketim asamasina kadar
kullanilan enerji miktari kiiresel boyutta tiretilen enerji miktarinin ortalama %30’una denk geldigi bildirilmektedir
(FAO, 2011; Jha ve Tripathy, 2017; Jha ve Tripathy, 2021). Genel olarak iilkelerin tiikettigi enerjinin
ortalama %10-25’inin sadece kurutma iglemlerinde tiikketildigi (Mujumdar ve Law, 2010), endiistrilesmis tilkelerde
ise bu degerin ortalama %7-15 oraninda degistigi bildirilmektedir (Akpimar ve ark., 2005). Bu sebeple elma
kurutma iglemlerinde hem tiiketilen enerji miktarin1 azaltmak hem de triinlerin kalite 6zelliklerini korumak igin
bazi 6n islemler uygulanmaktadir (Lewicki ve Gupta, 1995; Soomro ve ark., 2020).

Rojas ve ark. (2021), etanol 6n islemi uygulandiktan sonra ultrason destekli konvansiyonel kurutma isleminde
elma orneklerini kurutmuslardir. Kontrole gore on islemli drneklerin %70 oraninda daha kisa siirede kurudugunu
tespit etmislerdir. Bununla beraber 6n iglemin kuru 6rneklerin rehidrasyon yetenegini artirdigi ve biiziismeyi de
kismen engelledigini bildirmislerdir. Onal ve ark. (2019), Kuzey Italya bolgesinde yetisen Anurka elma tiiriine ait
ornekleri 65 °C sicaklikta kurutmuslardir. Calismada karbonhidrat+tuz ¢ozeltisine bandirma 6n isleminin elma
dilimlerinin kalite 6zelliklerine etkisini arastirmislardir. On islemli drneklerin renk degisimi, biiziisme miktarlari
kontrole gore daha az seviyede gergeklestigini ve kuruma siiresini de azalttigini bildirmislerdir. Tinello ve ark.
(2018), %]1°lik askorbik asit, %1°lik sitrik asit, dogal elma suyuna bandirma ve %0.1°lik sodyum metabisiilfit 6n
islemlerinin elma dilimlerinin kuruma 6zelliklerine etkisini arastirmiglardir. Toplam fenol 6zelligi agisindan en
uygun ornekler askorbik asit ¢ozeltisine bandirildiktan sonra yapilan kurutma isleminde elde etmislerdir. Toplam
flavonoid maddeleri agisindan ise dogal elma suyuna bandirildiktan sonra yapilan kurutma isleminde belirlenmistir.
Literatiir incelemesi esnasinda Golden delicious L. (sar1) elma ¢esidi kullanilarak vakum impregnasyon kurutma
6n isleminin meyve cipsi iiretim islemine ait enerji parametrelerine etkisinin ¢alisildig1 bir arastirmaya
rastlanilmamistir. Sahin ve ark. (2012), domatesleri dilimledikten sonra %] sitrik asit + %1 askorbik asit
karigimina ve %2 sodyum metabisiilfit ¢ozeltisine daldirilmistir. Sonug olarak 6n islem uygulamalarinin kuruma
siirelerini kisalttig1 ve renk kriterleri iizerine olumlu etkiler meydana getirdigini tespit etmislerdir. On islem
uygulamalartyla kurutulan domateslerin seker igeriklerinin 6n islemsiz kurutulanlara gore daha diisiik diizeyde
oldugunu bildirmislerdir.

Bu ¢alismada, %3’liik potasyum karbonat, %5’lik sitrik asit ve vakum impregnasyon (50 kPa+85 °C) 6n
islemleri uygulandiktan sonra kurutulan Golden delicious L. elma dilimlerinin; (i) kuruma parametreleri, (ii)
matematiksel modellenmesi, (iii) efektif diftizyon, (iv) enerji titkketimi, (v) buharlasma gizli 1s1s1, (vi) renk kalite
analizleri arastirilmistir.
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2. Materyal ve Metot
2.1. Kurutma materyali

Calismada kullanilan taze Golden delicious L. elmalar1 yerel bir marketten satin alinmistir. Elmalar aragtirma
boyunca buzdolab1 kosullarinda 4+0.5 °C’de muhafaza edilmistir. Islemler icin elmalar yikanmis ve yarim ay
seklinde ortalama 1.30 cm kalinliginda keskin bir bigak yardimiyla dilimlenmistir.

2.2. Kurutma én islemleri

Kurutma 6ncesi 6rneklere uygulanacak bandirma iglemleri i¢in %3’liik sodyum karbonat (Na>COs), %5°lik
sitrik asit (C¢HsO7) ¢ozeltileri hazirlanmigtir. Vakum impregnasyon 6n iglemi i¢in ortam sicakligi 85 °C ve vakum
degeri 50 kPa degere ayarlanmis bir vakumlu etiiv kullanilmistir. Elma ornekleri bandirma ve vakum
impregnasyon 6n iglemlerine 15’er dakika maruz birakilmistir.

2.3. Nem tayini ve kurutma iglemleri

Baslangi¢ nem igerigini belirlemek i¢in drnekler 70 °C sicakliga ayarlanmig (Pixton ve Warburton, 1973) bir
firmda (Simsek laborteknik marka-ST-055 model) agirlik degisimi sabitlenene kadar kurutulmustur. Elma
dilimlerinin ilk nem igerigi ortalama 3.98+0.06 g nem g kuru madde™ olarak tespit edilmistir. Kurutma islemleri
70 °C sicaklikta Simsek laborteknik marka-ST-055 model bir kurutma firninda gergeklestirilmistir. Ornekler
ortalama 0.06£0.019 g nem g kuru madde ™ nem igerigine kadar kurutulmustur. Kurutulan elma érneklerinin agirlik
degisimi AND marka GF-300 model hassas terazi (0.01 g) ile belirlenmistir.

2.4. Nem iceriginin hesaplanmasi

Elma dilimlerinin toplam nem igeriginin belirlenmesi i¢in Esitlik 1 kullanilmustir.

Nk.b. = MMy 100 (Es.1)
M;
Burada: M; 1k agirlik (g), My; son agirlik (g), Nkp: g nem/g kuru madde
2.5. Kuruma hizt ve oraninin belirlenmesi
Kuruma hizinin belirlenmesi i¢in Esitlik 2 kullanilmistir.
DS = Me-Mt+ar (Es.2)

dt

Burada: My; t anindaki nem igerigi (g su g kuruma madde™), dt; dakika, DS; kuruma hiz1 (g su g kuruma madde
dakika™).
Siireye bagli nem oranimin belirlenmesi i¢in Esitlik 3 kullanilmistir.

M-M,
Mo—Me

ANO =

(Es.3)

Burada: ANO; Ayrilabilir nem orani, M; Uriiniin anlik nem igerigi (g nem g kuru madde™), Mg; Uriiniin denge
nem igerigi (g nem g kuru madde), Mo; Uriiniin ilk nem igerigidir (g nem g kuru madde™).
2.6. Matematiksel modelleme

Elma dilimlerine ait en uygun ince tabaka kuruma modelini belirlemek igin literatiirde yaygin bir sekilde
kullanilan matematiksel esitlikler kullanilmistir [Es. 4-7].

Lewis MR = exp(—k.t) Lewis (1921) (Es.4)
Jena-Das MR = k.exp(—h.t + j(t®5) + m) Jena ve Das (2007) (Es.5)
Wang-Singh MR =1+k.t +h.t? Wang ve Singh (1978) (Es.6)
Rational-1 parameter-2 MR=1/(1+a.x) SigmaPlot 10 (Es.7)

Burada: h, j, k, m; modollere ait katsayilari, t; siireyi temsil etmektedir.
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2.7. Efektif difiizyon degeri

Efektif diflizyon degerlerini hesaplamak i¢in Esitlik 8 kullanilmistir (Corzo ve ark., 2008).

2,
INANO = In5 — T Defyt (Es.8)

412
Burada: Def; efektif difiizyon degeri (m? s, L; iirliniin kalinlik degerinin (m) yarisidir.
2.8. Renk degerlerinin belirlenmesi

Taze ve kurutulmus elma dilimlerinin parlaklik (L), kirmizi/yesil (a) ve sari/mavi (b) degerlerini 6lgmek igin
CR400 model (Japan) renk &lgiim cihazi kullanilmistir. Olgiilen degerler kullanilarak kroma, hue ve toplam renk
sapmasi degerleri hesaplanmistir. Kroma; taze ve kuru iiriinlerin renk tonunu belirtmektedir. Solgun meyvelerde
kroma degerleri diisiik olurken canli renklerde ise yiiksek degerler hesaplanmaktadir. Hue; taze ve kuru {iriin renk
degerlerinin 360°°1ik bir renk radyantindaki tam yerini belirtmektedir. Smir a¢1 degerlerinden 0°; kirmizi, 180°;
yesil, 90°% sar1 ve 270° mavi ana renkleri temsil etmektedir. Toplam renk sapmasi; kurutma islemlerinde 1styla
parcalanan (enzimatik olmayan) toplam renk pigmentlerinin degerini temsil etmektedir. Renk degerlerini
hesaplamak i¢in Esitlik 9-11 kullanilmistir.

Kroma C = (a® + bH)/? Ramallo ve Mascheroni (2012)  (Es.9)
Hue h = tan™'() Alemrajabi ve ark. (2012) (Es.10)
Renk degisimi  AE =(L—L#)2+(@a—a=?+ (b—b=)? Tanveark. (2001) (Es.11)

Burada: L*, a* ve b* degerleri kurutulmus elma &rneklerine ait sirasiyla parlaklik, kirmizilik ve sarilik
degerlerini belirtmektedir.

2.9. Enerji tiiketim degerleri

Elma dilimlerinin kurutulmasi islemlerinde tiiketilen enerji degerlerini 6l¢mek icin Polaxtor marka
PLX-15366 model enerji 6lger (+0.02 kWh) kullanilmustir.

2.10. Ozgiil nem ¢ekme orani (SMER)

Kurutma islemlerinde birim enerji degerine karsilik uzaklasan nem miktarint (SMER) hesaplamak igin
Esitlik 12 kullanilmistir (Surendhar ve ark., 2019).

Kurutma isleminde uzaklasan nem (kg)

SMER = (Es.12)

Kurutucunun tikettigi ener ji (kWh)
Burada: SMER; 6zgiil nem uzaklastirma oramdir (kg kWh'1).
2.11. Ozgiil enerji titketimi (SEC)
Elma 6rneklerini kurutabilmek igin gerekli 6zgiil enerji tiiketim degeri Esitlik 13 kullanilarak belirlenmistir

(Motevali ve ark., 2012).

SEC = 2t (Es.13)

my
Burada: SEC; 6zgiil enerji tikketimi (kWh kg su™), Eg; toplam tiiketilen enerji (kWh), mw; uzaklasan su
miktaridir (kKg).
2.12. Buharlasma gizli isist
Buharlasma gizli 1s1 degerini hesaplamak i¢in Esitlik 14 kullanilmigtir (Beigi, 2016).
Qw= hgg Xm,, (Es.14)

htg= 2.503 X 10 — 2.386 x 103 x (T, — 273.16)
273.16 < T,(K) < 338.72
hrg = V(7.33 x 10'2 — 1.60 X 107 X T2)
338.72 < T, < 533.16
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Burada: Qu. buharlagsma enerjisi (kWh), htg; buharlasma gizli enerjisi (kJ kg*), my; buharlasan nem miktari
(kg). Tg; kurutma sicakligidir (°K).

2.13. Belirsizlik analizi

Kurutma islemi ve 6l¢iim agamalarinda gergeklesen standart sapma degerlerinden kaynakli toplam belirsizlik
degerini hesaplamak i¢in Esitlik 15 kullanilmistir (Moffat, 1988).

Wy = V(X% + (X2)? + (X3)% + -+ (X,)? (Es.15)
X1; Xz; X3; ... Xn 0lctim aletlerinin hassasiyetlik degerlerinin gostermektedir.
2.14. Istatistiksel analiz

Bulgular1 degerlendirmek icin SPSS17. programu ile ¢oklu karsilagtirma testi yapilmistir. Giivenirlilik degerleri
P<0.05 e gore hesaplanmustir.

3. Arastirma Sonuclari ve Tartisma
3.1. Kuruma degerleri

Elma dilimlerinin kuruma 6zelliklerine 6n islemlerin etkisi oldugu bulunmustur. Son nem degerine sitrik asit
¢ozeltisine bandirilan 6rnekler digerlerine gore daha kisa siirede ulagsmistir. Kontrol, potasyum karbonat, sitrik asit
ve vakum impregnasyon 6n iglemi uygulanan 6rnekler sirasiyla 9.5, 8.5, 5.5 ve 8.5 saatte kurudugu tespit edilmistir.
Elma dilimlerinin kurutma islemleri altinda gostermis oldugu kuruma performans degerleri Sekil 1°de verilmistir.

20 12 0,030

—e—— Kontrol
2 o Potasyum karbonat 10

—e— Kontrol
. Potasyum karbonat

°
)
8
]

0,020

0,015

ANO

0,010

% Nem degisimi

0,005

Kuruma hizi (g nem/g kuru baz.dakika)

0,000

Siire (saat) Siire (saat) Siire (saat)

Sekil 1. Elma orneklerinin kuruma performans degerleri
Figure 1. Drying performance values of apple samples

Sekil I’e gore sitrik asit ¢6zeltisine bandirma 6n isleminin kontrole gore kuruma siiresini ortalama %42.11
oraninda azalttig1 belirlenmistir. Potasyum karbonat ve vakum impregnasyon 6n islemlerinin ise kontrole gore
kuruma siirelerini ortalama %10.53 oraninda azalttig1 tespit edilmistir. En yiiksek ortalama hiz degeri sitrik asit
¢ozeltisine bandirildiktan sonra yapilan kurutma isleminde belirlenmistir. Kontrol, potasyum karbonat, sitrik asit
ve vakum impregnasyon 6n islemleri i¢in ortalama kuruma hiz degerleri sirasiyla 0.006794, 0.06521, 0.0102 ve
0.06976 g nem g kuru madde.dakika olarak bulunmustur. Bu durum sitrik asit ¢dzeltisinin kurutma
materyalindeki mikro kanallarin igerisine girerek daha yogun olmasindan dolay1 kanallar1 genislettigi ve nem
diftizyonunun daha hizli gerceklesmesine neden oldugu seklinde agiklanabilir. Buda sitrik asit ¢ozeltisine
bandirilan elma drneklerinin diger 6n islemlere gére kuruma hizinin artmasina ve daha kisa siirede kurumasina
neden olmustur. Rojas ve ark. (2021), etanol ve ultrason 6n islemlerini birlikte elma dilimlerine uyguladiktan sonra
sabit 50 °C sicaklikta ve 1 m s hava hizinda kurutmuslardir. Birlikte uygulanan &n islemlerin elma drneklerinin
kuruma siiresini kontrollere gore ortalama %50 oraninda azalttigin1 bildirmislerdir. Lammerskitten ve ark. (2019),
elma dilimlerini elektrik alan 6n iglemi uygulayarak kuruma ozellikleri agisindan kontrol ornekleriyle
kiyaslamuglardir. On islemli 6rneklerin kontrole gore %57 oraninda daha kisa siirede kurudugunu bulmuslardir.
Bununla birlikte 6n islem uygulanan elma dilimlerinin kuruma hiz degerleri yaklagik 0.014 g nem g kuru madde”
! saniye olarak ve kontrol érneklerinkini ise yaklagik 0.01 g nem g kuru madde™.saniye olarak tespit ettiklerini
bildirmiglerdir. Aktas ve ark. (2013), kocayemis meyvesini kontrol (6n islemsiz), sicak suya ve etil oleat
¢ozeltisine bandirma 6n iglemlerinin etkisini sicak havali kurutucuda (normal) 50, 60, 70 °C ve vakum kurutucuda
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60, 70, 80 °C sicakliklarindaki kuruma 6zelliklerine etkisini arastirmuslardir. On islemler kurutma materyalinin
kurutma siirelerini 6nemli diizeyde azalttigini tespit etmislerdir.

3.2. Matematiksel model verileri
Kurutulan elma dilimlerinin kuruma modellerine bulgular Tablo 1°de verilmistir.
Tablo 1. Matematiksel modellere ait veriler

Table 1. Data of mathematical models

Modeller On islemler k h j m a p R?
Kontrol 02945 - - - - <0.0001  0.9923
Potasyum 03048 - ; ; ; <0.0001  0.9886
Lewis karbonat
Sitrik asit 04713 - - - - <0.0001  0.9935
Vakum 03340 - ; } ] <0.0001  0.9948
impregnasyon
Kontrol 1.0246 05573 05008 00215 - <0.0001 _ 0.9938
Potasyum 1.0344 05653 04849 00301 - <0.0001  0.9916
Jena Das karbonat
Sitrik asit 1.0132 06444 03266 00085 - <0.0001  0.9939
Vakum 10080 05729 04697 0.0050 - <0.0001  0.9949
impregnasyon
Kontrol -0.2122 0.0115 - - - <0.0001 0.9997
Potasyum -0.2208 00124 - ; ] <0.0001  0.9991
Wana Sinah karbonat
95N Sitrik asit -03388 00295 - ] ] <0.0001  0.9991
Vakum -0.2400 00149 - ; - <0.0001  0.9977
impregnasyon
Kontrol : : - - 05788  <0.0001 _ 0.9447
Potasyum
Rational I- karbonat i ) i i 0.5833 <0.0001 0.9386
Parametre |1 Sitrik asit - - - - 0.9266 <0.0001 0.9532
Vakum - ; - - 0.6803 <0.0001  0.9537
impregnasyon

Tablo 1’e gore yapilan tiim kurutma iglemlerine ait toplam 16 adet matematiksel model olusturulmustur.
Olusturulan tiim matematiksel modellerin istatistiksel agidan kullaniminin uygun oldugu (P<0.0001) belirlenmistir.
Modeller arasinda kuruma oranlarini en iyi Wang Singh (R% 0.9997) modeli tahmin etmistir. Kuruma oranlarini
en zayif ise Rational I-Parametre 11 modeli (R% 0.9386) tahmin etmistir.

3.3. Efektif difiizyon
Kurutulan elma érneklerinin efektif difiizyon degerlerine kurutma islemlerinin etkisi Tablo 2’de verilmistir.
Tablo 2. Elma érneklerine ait efektif difiizyon degerleri

Table 2. Effective diffusion values of apple samples

On islemler Efe(l::zfs(_lll; Heyon
Kontrol 6.67x10°®
Potasyum karbonat 6.77x10°®
Sitrik asit 1.03x10°
Vakum impregnasyon 6.94x10°6

Tablo 1’e gore kurutma isleminde 6n islemlerin elma drneklerinin efektif difiizyon degerlerini etkiledigi tespit
edilmistir.
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Efektif difiizyon degeri en yiiksek sitrik asit ¢dzeltisine bandirildiktan sonra yapilan kurutma isleminde tespit
edilmigtir. Bu durum sitrik asit ¢ozeltisinin elmanin igerisine daha iyi permalite olarak mikro kanallarin
geniglemesine ve bu sebeplede efektif difiizyon degerinin artmasina neden oldugu diisiiniilmektedir. En diisiik
efektif difiizyon degeri ise kontrol 6rneklerinde belirlenmistir. Potasyum karbonat ¢ozeltisine bandirilan rneklerin
efektif diflizyon degerinin sitrik asit ¢ozeltisine bandirilan 6rneklere gore daha diisiik degerde olmasinin potasyum
karbonat ¢ozeltisinin daha yogun olmasindan dolay1 meyve geperlerinde daha fazla birikmesi ve bu durumun alttan
gelen nemin buharlagmasini zorlastirmasindan kaynaklandigi diistiniilmektedir. Vakum impregnasyon 6n islemi
uygulanan 6rneklerin efektif difiizyon degerinin sitrik asit ¢ozeltisine bandirilan orneklere gore daha diisiik
degerde olmasi ise vakumun etkisiyle meyve eti ile dis ¢eperi arasinda olusan bosluktan dolayr nemin
uzaklasmasina bir yalitim etkisi yaptig1 diisiiniilmektedir. Nadi ve Tzempelikos (2018), elma 6rneklerini 5 ve 7
mm kalinliklarinda dilimleyerek 50, 60 ve 70 °C sicakliklarda kurutmuslardir. Dilim kalinlig1 5 mm olan 6rneklerin
efektif difiizyon degerinin 1.50-2.60x10° m? s arasinda degistigini hesaplamislardir. Dilim kalinhig1 7 mm olan
orneklerde ise bu degerin 2.36-3.92x10° m? s arasinda degistigini hesaplamiglardir. Bulgularm farkli olmasi
kullandiklar1 elmalarin nem igerigi, doku yapist ile kurutucunun teknik yapisi-verimlilik gibi 6zelliklerin
farkliliklarindan kaynaklandig: diisiiniilmektedir.

3.4. Renk verileri

Polifenol oksidaz, peroksidaz ve fenolik bilesiklerce zengin olan elma meyvesinde enzimatik renk degisimleri
cok fazla gozlemlenmektedir. Bununla birlikte o6zellikle kurutma islemleriyle meydana gelen fenollerin
oksidasyonu, karamelizasyon ve maillard reaksiyonlar1 gibi enzimatik olmayan renk degisimlerinin miktar1 kalite
acisindan 6nemlidir. Kurutma iglemlerinin etkisiyle meydana gelen renk degerlerine ait degisimler Tablo 3’de
verilmigtir.

Tablo 3. Elma orneklerine ait renk degerleri

Table 3. Color values of apple samples

On islemler L a b C Hue AE
Taze 74.55+0.94°  -0.15+0.17¢ 18.48+1.36¢ 18.48+1.369  -53.54+4.63° -
Kontrol 73.66+6.09°  5.03+2.33 25.56+2.60°  26.17+2.30°  78.64+5.902 10.57+3.03¢
Potasyum karbonat 57.43+£3.06°  17.46+£2.39%  26.06£1.46° 31.4242.07%  56.28+3.422 25.81+3.532
Sitrik asit 82.73+1.18%  -0.36+0.54°  28.86x1.79%  28.87+1.79® -17.26+4.90°  13.36+1.83¢
Vakum impregnasyon ~ 72.89+5.11°  4.28+1.89° 25.97+2.02°  26.39+1.89°  80.52+4.382 21.03+6.28°

Tablo 2’ye gore kurutma 6n islemlerinin elma drneklerinin renk degerlerini istatistiksel agidan 6nemli (p<0.05)
diizeyde etkiledigi belirlenmistir. Taze elma dilimlerinin parlaklik (L) degeriyle kontrol ve vakum impregnasyon
on islemi uygulanan ornekler arasinda istatistiksel agidan dnemli bir fark olmadig tespit edilmistir. Sitrik asit
¢ozeltisine bandirma 6n islemi elma 6rneklerinin parlakligini tazeye gore artirirken uygulanan diger 6n islem ve
kontrol 6rnekleri parlaklik degerini azaltic1 etki ettigi tespit edilmistir. Bunun sebebi ornekler iizerinde kalan
potasyum karbonat ¢6zeltilerinin 1siyla birlikte meyvenin parlakligini azalttigi, vakum impregnasyon ve kontrol
orneklerinde kuruma siirelerinin daha uzun olmasindan dolayi 1s1sal bir etki yaptig1 diisiiniilmektedir. Potasyum
karbonat ¢ozeltisine bandirildiktan sonra kurutulan elma 6rneklerinin kirmizilik degerlerini diger 6n islemlere gore
cok fazla artirdigi belirlenmistir. Bu durumun potasyum karbonat ¢6zeltisine bandirilan rneklerin digerlerine gore
daha fazla kararmasindan dolay1 renk yogunlugunun kirmiziya doniisiimiinii yogunlastirmasindan kaynaklandig:
diigiiniilmektedir. Taze iirliniin kirmizilik renk degeriyle sitrik asit ¢ozeltisine bandirildiktan sonra kurutulan
orneklerin kirmizilik degerleri arasinda istatistiksel agidan (P<0.05) 6nemli fark olmamustir. Sarilik (b) ve kroma
(C) renk degerleri agisindan uygulanan 6n islemler ve kontrol drnekleri tazenin rengini koruyamadig: tespit
edilmistir.

Taze iiriiniin kroma degerine istatiksel agidan 6rneklerin en yakin kontrol ve vakum impregnasyon 6n islemi
uygulandiktan sonra kurutulan 6rnekler oldugu bulunmustur. Hue renk agisi ve toplam renk degisim 6zellikleri
i¢in istatistiksel agidan en uygun sitrik asit on islemi uygulanan érnekler oldugu belirlenmistir. Istatistiksel agidan
taze elmanin renk 6zelliklerini sitrik asit ¢ozeltisine bandirildiktan sonra kurutulan 6rneklerin daha iyi korudugu
bulunmustur. Tazeye en yakin kuru 6rnegin (sitrik asit, 6n islemli) ve tazenin renk gosterge skalasi ColorGrap
3.9.2 programi kullanilarak olusturulmustur (Sekil 2). Onal ve ark. (2019), calismalarinda karbonhidrat tuz
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cozeltisine bandirildiktan sonra elma dilimlerini kurutarak renk degerleri acisindan kontrol o6rnekleriyle
kiyaslamiglardir. On islemli elma dilimlerinde meydana gelen toplam renk degisimi kontrollere gore daha az
oldugunu bildirmislerdir. Nadian ve ark. (2019), ¢caligmalarinda sitrik ve askorbik asitlerden hazirlanan ¢ozeltilere
bandirma 6n islemlerinin renk degerlerine olan etkisini arastirmislardir. On islemleri kontrol érneklerine gore renk
degerlerini daha iyi korudugunu ve daha toplam renk degisiminin meydana getirdigini tespit etmislerdir. Yapilan
on islemlerin renk degerlerine etkisi literatiirle benzer taraflarinin oldugu bulunmustur.

Sekil 2. Taze (a) ve sitrik asit on islemli (b) orneklerinin renk skalas

Figure 2. Color scale of fresh (a) and citric acid pre-treated (b) samples

3.5. Enerji tiiketim degerleri

Elma dilimleri kurutma iglemlerinin enerji tiiketim degerlerine 6n iglemlerinin etkisinin 6nemli diizeyde oldugu
belirlenmistir. Kurutma islemlerine ait tiiketilen ortalama enerji degerleri Tablo 3’te verilmistir.

3.6. SMER, SEC ve buharlagma gizli 1sis1 degerleri

Kurutma islemleri esnasinda SMER, SEC ve buharlasma gizli 1s1s1 degerlerinin dagilimi Sekil 3’de verilmistir.
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Sekil 3. SMER, SEC ve buharlasma gizli 1s1 degerlerinin dagilimi
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Figure 3. Distribution of SMER, SEC and latent heat of evaporation values

Sekil 3’e gore kurutma 6n islemlerinin SMER, SEC ve buharlasma gizli 1s1 degerlerine etkisinin oldugu
belirlenmistir. Kurutulan drneklerin SMER degerleri ilk yarim saatten sonra hizla artmistir. Bu durum ilk yarim
saatte tiiketilen enerji daha c¢ok {iriiniin 1snmasina harcandig diisiiniilmektedir. Kurutma iglemlerine ait toplam
enerji tilketimi, SMER, SEC ve buharlasma gizli 1s1 degerleri Tablo 4’de verilmistir.
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Tablo 4. Kurutma islemlerine ait enerji degerleri

Table 4. Energy values of drying processes

Buharlasma gizli

On islemler Enerji tiiketimi SMER . SEC . st
(kWh) (kg kwh) (kWh kg?) (kwh)

Kontrol 1.197 0.00295 339.03 2.31

Potasyum karbonat 1.101 0.00354 282.57 2.34

Sitrik asit 0.766 0.00404 247.41 2.02

Vakum impregnasyon 1.101 0.00293 341.69 211

Tablo 4’¢ gore kurutma 6n iglemlerinin enerji titketim degerlerini azalttigi belirlenmistir. En yiiksek enerji
tilketimi kontrol 6rneklerinde bulunmustur. Sitrik asit ¢ozeltisine bandirildiktan sonra yapilan kurutma igleminin
kontrole gore enerji titkketimini %36.01 oraninda azalttig1 tespit edilmistir. Bu durum sitrik asit ¢ézeltisinin meyve
dokusunun mikro kanallarini biiyiiterek nem difiizyonun hizlanmasina ve dolayisiyla kuruma siiresinin azalmasina
neden oldugu disiiniilmektedir. Bu da enerji tiiketimini azalmasina neden olmustur. Kurutma islemleri arasinda
en yiiksek buharlagma gizli 1s1s1 potasyum karbonat ¢ozeltisine bandirildiktan sonra yapilan kurutma isleminde
tespit edilmistir. Potasyum karbonat ¢ozeltisine bandirildiktan sonra yapilan kurutma isleminin buharlagsma gizli
1sisiin sitrik asit ¢ozeltisine bandirildiktan sonra yapilan kurutma islemine gore %13.68 oraninda daha fazla
oldugu bulunmustur. Bunun sebebi elma dilimlerindeki nemi buhar fazina gecirmek i¢in daha fazla enerjinin
tilketilmesinden kaynaklandig: diisiiniilmektedir. Bu duruma neden olan etkinin ise tuzun farkl bir formu olan
potasyum karbonat ¢6zeltisinin kuruyarak nemin uzaklagsmasina bir engel teskil ettigi diisiiniilmektedir. Filippin
ve ark. (2018), elma dilimlerini sicak havali konvansiyonel bir kurutucuda siirekli ve kesikli metotla
kurutmuslardir. Kesikli kurutma metodunun tiiketilen enerji miktarini siirekli kurutma iglemine gére %17 oraninda
azalttigimi bildirmislerdir. Stirekli ve kesikli metotlarla 70 °C sicaklikta yaptiklar: kurutma islemlerinde tiiketilen
enerji miktarlarini sirasiyla 4.758 ve 4.585 kWh olarak tespit etmiglerdir. Bu durumun kesikli kurutma metodunda
kurutucu siirekli ¢aligmayarak daha az enerji harcamasindan kaynaklandigi diisliniilmektedir. Kaleemullah ve
Kailappan, (2007), sili biberleri kurutma isleminde nemin degismesiyle birlikte buharlagsma gizli 1s1 oraninin
1.0022-1.3421 arasinda degistigini tespit etmislerdir. Literatiirde yapilan ¢alismalardaki bulgular ile belirlenen
bulgularin uyumlu oldugu bulunmustur.

3.7. Belirsizlik analizi

Kurutma iglemi esnasinda kullanilan 6lgiim alet ve ekipmanlarin hassasiyet degerleri kullanilarak belirsizlik
analizi yapilmistir. Calismada kullanilan 6l¢iim alet ve ekipmanlarin hassasiyet degerleri Tablo 5’te verilmistir.

Tablo 5. Hassasiyet degerleri

Table 5. Sensitivity values

Olgiim aletleri Hassasiyet degerleri
Gili¢ analizori +0.02 kWh
Tartim cihazi +0.001 g

Kumpas + 0.2 mm
Renk o6lger (AE igin) +0.6
Cam mezura Ol¢timleri +0.2 ml

Veriler esitlik 15°de islenerek ¢alismanin belirsizlik analiz degeri 0.63 olarak hesaplanmistir. Kumar ve ark. (2015),
yaptiklar1 ¢aligmalarinda belirsizlik analiz degerini 1.06 olarak bulmuslardir.

4. Sonug

Elma dilimlerine uygulanan kurutma o6n islemlerinin fiziko-kimyasal, enerji degerlerine olan etkilerinin
arastirildigt bu ¢alismada;

1) En kisa kuruma sitiresi 5.5 saat ile sitrik asit 6n islemi uygulanan érneklerin kurutulmasinda belirlenmistir.
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2) En uzun kuruma siiresi 9.5 saat ile 6n islem uygulanmayan kontrol érneklerinin kurutulmasinda tespit

edilmistir.

3) Uygulanan 6n islemler kurutulan elma dilimlerinin efektif difiizyon degerlerini 6nemli diizeyde etkilemistir.
Sitrik asit ¢ozeltisine bandirildiktan sonra yapilan kurutma igleminin efektif difiizyon degeri 1.05x10° m? s* olarak
hesaplanmuistir.

4) Olusturulan matematiksel modeller arasinda kuruma verilerini en iyi Wang Singh modeli tahmin etmistir.
5) Tazenin renk degerlerini en iyi sitrik asit ¢dzeltisine bandirildiktan sonra yapilan kurutma islemi korumustur.

6) Enerji tikketimi, SMER, SEC ve buharlagma gizli 1s1 degerleri ag¢isindan optimum kurutma igleminin sitrik
asit ¢ozeltisine bandirildiktan sonra yapilan kurutma islemi oldugu belirlenmistir.

Taze Golden delicious L. elma 6rneklerinin fiziko-kimyasal ve enerji parametreleri agisindan 70 °C sicaklikta
sitrik asit ¢oOzeltisine bandirildiktan sonra kurutulmasinin daha uygun olacagi Onerilmektedir. Vakum
impregnasyon 6n islemi elma &rneklerinin bazi renk parametrelerini (parlaklik, kirmizilik ve kroma) daha iyi
korudugundan dolay1 daha sonraki ¢alismalarda sitrik asit ve vakum impregnasyon 6n islemlerinin birlikte
uygulanmasi 6nerilmektedir.
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The Effects of Information Pollution on Poultry Companies: The Case of Turkey

Bilgi Kirliliginin Tavukguluk Firmalar1 Uzerindeki Etkileri: Tiirkiye Ornegi

Berkay KESKIN'", Erdogan GUNES?
Abstract

The poultry sector provides people and countries with many benefits in the social, economic and health domains.
However, the poultry sector faces a number of important problems. One of these problems is information
pollution. The rapid advances in information and communication technologies, in particular, made information
pollution one of the most important problems of our contemporary age. Information pollution can have
significant negative effects on companies and sectors, as well as threaten the reputation of the brand, the
products and services offered by the businesses. The poultry industry is among the most affected by information
pollution and Turkey represents an ideal case for studying the effects of information pollution on the poultry
industry. The poultry sector has achieved significant growth in Turkey in recent years, but the problem of
information pollution is an important factor that limits this growth. There are ongoing efforts by various
organizations and agencies in Turkey to solve the problem. This study aims to examine the effects of information
pollution on poultry producing companies in Turkey and identify the activities undertaken by producers to fight
information pollution. Data were collected from companies that are members of BESD-BIR (Turkish Poultry
Meat Producers and Breeders Association), which brings together the largest chicken producing companies in
Turkey and account for 91% of all poultry production in Turkey. Basic statistical techniques and procedures such
as frequency distributions, percentages, and arithmetic means were used to conduct descriptive statistical
analysis. Likert-type questions were also included in the study for various purposes. Descriptive analysis method
was used to analyze the suggestions made by the poultry producers to reduce information pollution in the sector.
The results show that information pollution problem is an important problem for poultry producing companies in
Turkey. Since a significant part of the companies are affected by the problem of information pollution, they have
various activities aimed at solving this problem and informing consumers. The problem has slight to moderate
effects on the sales, production decisions, marketing decisions, and investment decisions. It has been found that
sales and production decisions are affected to a slightly larger extent compared to marketing and investment
decisions. Poultry producing companies consider it important to carry out successful information campaigns and
increase cooperation in the sector in order to solve information pollution problems.
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Oz

Tavukeuluk sektorii, insanlara ve iilkelere sosyal, ekonomik ve saglik alanlarinda birgok fayda saglamaktadir.
Ancak tavukculuk sektorii bir takim 6nemli sorunlarla kars1 karsiyadir. Bu sorunlardan birisi de bilgi kirliligidir.
Ozellikle bilgi ve iletisim teknolojilerindeki hizli gelismeler, bilgi kirliligini ¢agimizin en énemli sorunlarmdan
biri haline getirmistir. Bilgi kirliligi, firmalar ve sektorler iizerinde énemli olumsuz etkiler yaratabilecegi gibi,
markanin itibarini, isletmelerin sundugu tiriin ve hizmetleri de tehdit edebilmektedir. Tavukguluk sektorii, bilgi
kirliliginden en ¢ok etkilenen sektorler arasindadir ve Tiirkiye bilgi kirliliginin kanathi sektorii {izerindeki
etkilerini incelemek icin ideal bir 6rnek teskil etmektedir. Tavukguluk sektorii son yillarda Tiirkiye'de 6nemli bir
biliylime kaydetmesine ragmen bilgi kirliligi sorunu bu biiyiimeyi sinirlayan dnemli bir faktordiir. Tiirkiye'de
cesitli kurum ve kuruluslarin sorunu ¢o6zmeye yonelik caligmalari devam etmektedir. Bu caligma, bilgi
kirliliginin Tirkiye'deki tavuk iireten firmalar {izerindeki etkilerini incelemeyi ve treticilerin bilgi kirliligi ile
miicadele igin iistlendikleri faaliyetleri belirlemeyi amaglamaktadir. Calismanin verileri Tiirkiye'nin en biiyiik
tavuk treticisi olan firmalarini bir araya getiren ve Tirkiye'deki tiim kanatli {iretiminin %91'ini olusturan BESD-
BiR'e (Beyaz Et Sanayicileri ve Damizlikgilar1 Birligi Dernegi) iiye olan firmalardan elde edilmistir. Caligmada
tanimlayicr istatistiksel analizler igin frekans dagilimi, aritmetik ortalama, yiizde hesaplari gibi temel istatistiksel
islem ve yontemlerden yararlanilmistir. Cesitli amaglarla Likert tipi sorular da ¢alisma igerisinde yer almistir.
Uretici firmalarin sektordeki bilgi kirliliginin azaltilmas: icin yaptig1 dnerileri analiz edebilmek igin ise betimsel
analiz yontemi kullanilmistir. Sonuglar, bilgi kirliligi sorununun Tiirkiye'deki tavuk iireticisi firmalar i¢in 6nemli
bir sorun oldugunu gostermektedir. Firmalarin dnemli bir bolimiiniin bilgi kirliligi probleminden etkilendikleri
icin bu sorunu ¢dzmeye ve tiiketicileri bilgilendirmeye yonelik ¢esitli ¢alismalar1 bulunmaktadir. Bilgi kirliligi
sorununun satis, iiretim kararlari, pazarlama kararlar1 ve yatirim kararlari iizerinde hafif ila orta diizeyde etkileri
vardir. Satis ve lretim kararlarinin pazarlama ve yatirim kararlarina gore biraz daha fazla etkilendigi tespit
edilmistir. Tavuk treticisi firmalar, bilgi kirliligi sorunlarinin ¢ézlimii ig¢in basarili bilgilendirme kampanyalar1
yiirlitmeyi ve sektordeki is birligini artirmay1 6nemli gérmektedir.

Anahtar Kelimeler: Tavuk, Tavukeuluk, Bilgi kirliligi, Uretici, Tiirkiye.
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1. Introduction

Chicken is highly nutritious and easy to prepare in a short period of time, and its taste is highly rated by many
consumers, which makes it special among all types of meat (Vukasovi¢, 2010). With low prices compared to
most other types of meat, short production cycles, and a high feed conversion ratio, chicken and the poultry
industry are very valuable in economic terms as well (Sz6118si et al., 2014). All of this means that they the
poultry industry has a great potential to contribute to animal husbandry and the national economy overall for
many countries.

However, the poultry industry has number of important problems. One of these problems is information
pollution. The poultry industry is among the most affected by information pollution in the world (Bearth et al.,
2014; Chen et al., 2018; Pitigraisorn, 2021; Roy et al., 2021). However, there have been very limited studies
about information pollution in poultry sector.

The rapid advances in information and communication technologies were accompanied by a parallel increase
in the number and severity of information problems, and information pollution became one of the most important
problems of the age of industry 4.0 (Igbal et al., 2020). Different terms are used in the literature to refer to
information pollution, but they all have similar definitions. There seems to be an overall consensus on the
definition of the concept. In general terms, information pollution is defined as “the presence of useless, harmful,
malicious, or unwanted messages and the spread of these messages to the extent that they have significant
negative effects on society” (Cai and Zhang, 1996). Varying terminology is used in the literature to examine the
issue of information pollution and the problems it causes. In addition to “information pollution,” the terms
“information overload” (Nelson, 2007; Dubosson and Fragniere, 2009) and “infollution” (Cho, 2002; Olcer et
al., 2020) are also used to refer to these problems. Additional terms used in the literature include
“misconception” (Bearth et al., 2014; Chen et al., 2018) “misperception” (Flynn et al., 2017), “misinformation”
(Ayoob et al., 2002), “disinformation” (Demestichas et al., 2020) and “fake news” (Pitigraisorn, 2021) among
others. These use concepts have very similar or overlapping meanings, and are frequently used interchangeably.
Hence the proposal that the term “problematic information” be used as an umbrella concept that covers them all
(Marwick, 2018).

Information pollution has significant negative effects not only on individuals but also on individual
businesses and entire industries (Das, 2017). Information pollution can have negative economic effects on firms,
threatening brand reputation and the products and services offered by businesses (Petratos, 2021). Given the
effects of information pollution on organizations, solving the problem requires these organizations to develop
and implement effective strategies to fight information pollution (Igbal et al., 2018). Fake news, which can
spread rapidly, remains an acute problem, indicating that researchers need to pay more attention to this issue and
a lot more studies should be conducted on this topic (Palade and Balaban, 2020). Given these considerations,
information pollution is very much a current problem, one that should be studied in detail, paying attention to its
different aspects.

Turkey represents an ideal case to study the effects of information pollution on the poultry industry and the
poultry producing companies in this industry. In 1970s, poultry businesses in Turkey were family run business
with high costs and limited production capacities, but this changed with the large investments in the industry in
1990s and 2000s, resulting in high standards of quality (Caki, 2007). With state subsidies and planning, the
poultry industry in Turkey has become one of the strongest and most rapidly developing industries in the country
(Keskin and Demirbas, 2012; Avcioglu et al., 2013; Karadavut and Taskin, 2014; Cimar and Keskin, 2018).
Turkey, in turn, has become one of the top ten countries that produce and export chicken (FAO, 2021). The
poultry industry in Turkey makes an important contribution to Turkey’s GDP by exporting chicken to many
countries (Bayraktar et al., 2019), plays an important role in reducing poverty by providing employment and a
source of income to millions of small farmers and poor people (Bayraktar et al., 2019), and creates millions of
jobs through related industries such as feed production and pharmaceutics, and related activities such as
transportation and marketing (Caki, 2007). However, information pollution has become and remains one of the
biggest problems facing the poultry industry in Turkey, with significant negative effects on the industry
(Ataman, 2012; Yildiz, 2012; Keskinoglu, 2014; Okur et al., 2016). Information pollution regarding the poultry
industry is very widespread in Turkey (Okur et al., 2016; Ayvazoglu Demir and Aydin, 2018, Eleroglu et al.,
2018; Yildiz and Duru, 2019). Print and visual media in Turkey, in particular, frequently run negative stories
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about chicken and poultry production. These stories contain various claims including that “chicken consumption
is bad for health,” “chicken consumption leads to cancer,” “there is excessive use of hormones and antibiotics in
poultry production,” “chicken are fed special drugs to make them grow faster,” and “chicken consumption leads
to early-onset puberty in children” (BESD-BIR, 2016). The Ministry of Agriculture and Forestry, on the other
hand, as well as poultry producers, state that these stories are not based on facts and are simply not true (Ministry
of Agriculture and Forestry, 2014; BESD-BIR, 2016). Fighting the current problem of information pollution
regarding the poultry sector in Turkey is a priority issue for the Ministry of Agriculture and Forestry. Various
strategic plans by the Ministry of Agriculture and Forestry identify the issue of information pollution regarding
the food industry as an important problem that needs to be solved (Ministry of Agriculture and Forestry, 2013,
2019).

Some of the poultry producers in Turkey experienced significant declines in their sales due to negative stories
about chicken (Keskinoglu, 2013a). In an effort to combat information pollution, these companies came together
to establish a platform called “Healthy Chicken Information Platform” in order to correct pubic misperceptions
and prevent information pollution (Healthy Chicken Information Platform, 2021). Moreover, to combat
information pollution, producers took steps such as live-streaming from their production facilities (Keskinoglu,
2013b), allowing the public to visit production facilities (BESD-BIR, 2015), and producing public service
announcements (Banvit, 2021). These observations show that poultry producers in Turkey are highly affected by
information pollution. Decision makers and policy makers in Turkey, along with companies operating in the
industry, undertake efforts to solve the problem of information pollution.

This study aims to examine the effects of information pollution on poultry producing companies in Turkey,
identify the activities undertaken by producers to fight information pollution, and discuss what needs to be done
to deal with the problems created by information pollution.

2. Materials and Methods

Surveys were conducted with the authorized personnel of poultry producers in Turkey who were members of
BESD-BIR (Turkish Poultry Meat Producers and Breeders Association). BESD-BIR brings together the largest
poultry producing companies in Turkey, which together account for 91% of all poultry production in the country
(BESD-BIR, 2015). As a result, BESD-BIR members are highly representative of poultry producers in Turkey
overall. At the time the study was conducted, BESD-BIR had 18 members engaged in chicken production
(BESD-BIR, 2017).

The initial goal was to conduct surveys with all poultry producers who were members of BESD-BIR, but
some of the producers declined to participate in the study, citing their company policies. Eventually, surveys
were conducted with representatives from 9 companies who agreed to participate in the study. Participants were
authorized and knowledgeable employees of the companies in question.

Basic statistical techniques and procedures such as frequency distributions, percentages, and arithmetic
means were used to conduct descriptive statistical analysis. Items with Likert-type scales were used in the
surveys for various purposes. Descriptive analysis was used to present and discuss proposals made by
representatives of poultry producers to reduce information pollution in the industry.

3. Results and Discussion
3.1. General information about companies

Companies included in the study have their headquarters in six different provinces of Turkey. All of these
companies have been operating in the industry for a minimum of ten years. Four of the nine companies, on the other
hand, have been operating in the industry for more than 40 years. All companies have more than 250 employees, and
are classified as large enterprises. Three of the companies exclusively use conventional production methods, another
three exclusively use good farming practices, and the last three combine conventional methods and good farming
practices. All of these companies are poultry exporters (Table 1).
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Table 1. General information about companies

Variables Frequency
Headquarters in Bolu 3
Bursa 2
[zmir 1
Manisa 1
Samsun 1
Usak 1
Years operating 1-10 -
11-20 1
21-30 2
31-40 2
40+ 4
Number of employees 1-9 -
10-49 -
50-249
250+ 9
Method of production Exclusively Conventional 3
Exclusively Good Farming Practices 3
Both Conventional and Good Farming Practices 3
Exporter status Exporter 9

Non-exporter -

3.2. Effects of information pollution on companies

Participants were asked whether their sales were affected by the information pollution regarding the poultry
industry. Six of the participants reported that they saw a decline in their sales due to ongoing information
pollution, whereas three reported that they have not observed a decline in their sales due to information pollution
(Table 2).

Table 2. Effects of information pollution on sales

Effects Frequency Percentage (%)
Sales have declined 6 66.6
Sales remained the same 3 33.3
Total 9 100.0

Participants were asked whether they took any action to prevent information pollution. Six of the participants
reported taking action to prevent information pollution (Table 3).

Table 3. Taking action to prevent information pollution

Took action to prevent information

pollution Frequency Percentage (%)
Yes 6 66.6
No 3 333
Total 9 100.0

Participants who reported taking action to prevent information pollution were asked to describe their actions,
using open-ended questions. Actions taken by these companies are reported in Table 4. Participants reported
finding out that the problem of information pollution mostly affected women, those with children, in particular,
and as a result, they took action targeting women and children. For example, to increase consumption of chicken
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and chicken products among children, one of the companies bought the licensing rights to well-known cartoon
characters, using the names and images of these characters on product packaging, and offered new products
specifically for children. Moreover, participants said their companies took various measures including live
streaming from their production facilities, allowing visits by the public to production facilities, conducting
consumer research, and creating FAQ pages on their websites to provide answers to consumer questions and
clarification regarding misperceptions.

Table 4. Actions taken by compaines to fight information pollution

Actions taken

- Offering new products specifically for children in order to increase children’s consumption of chicken and
chicken products. (Buying the licensing rights to well-known cartoon characters and using the names and
images of these characters on product packaging).

- Adding FAQ pages to company websites to address information pollution, and providing answers to
consumers’ questions and clarification regarding misperceptions.

- Producing ads and announcements for TV, newspapers and social media regarding public misperceptions.

- Conducting consumer research.

- Live-streaming from production facilities, allowing all interested parties to watch production activities.

- Allowing visits by the public to production facilities.

In terms of responses to information pollution, most companies were found to undertake activities such as
creating a customer services unit or consumer hotline, conducting research on consumer perceptions and
behaviors, allowing interested consumers access to their production facilities, and placing emphasis and
increasing spending on advertising, promotion, and publicity. However, it was notable that only four of the
companies had sections on their websites that were meant to combat information pollution. This finding
indicates that the companies are affected by and take measures to fight information pollution, but fail to make
effective use of their own websites. Given that the internet is an important venue to reach consumers, this leads
to the conclusion that the official websites of the companies could be used more effectively to fight information
pollution. On the other hand, seven of the companies included in the study had a customer services unit or
consumer hotline, which makes it easier for consumers to contact the companies in question and helps to inform
consumers and fight information pollution (Table 5).

Table 5. Companies’ responses to and measures against information pollution

Company Responses Yes No Total
Having a customer services unit, consumer hotline, or similar structure 7 2 9
Conducting research on consumer perceptions and behaviors 7 2 9
Allowing interested consumers to visit production facilities 6 3 9
Pays special attention to advertising and promotion activities 6 3 9
Increasing spending on advertising and promotion activities 6 3 9
Preparing action plans to fight information pollution 6 3 9
Taking steps to increase the range of products offered 5 4 9
Having a section on official website dedicated to fighting information 4 5 9
pollution (e.g. FAQ)

Lowering production 4 5 9
Searching for alternative markets 4 5 9
Deciding against making further investments 2 7 9
Buying less from suppliers 2 7 9

Participants reported that their sales, production decisions, marketing decisions, and investment decisions
were slightly to moderately affected by information pollution. Sales and production decisions were affected to a
larger extent compared to marketing and investment decisions (Table 6).
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Table 6. Effects of information pollution on companies and company decisions

Fields 1 2 3 4 5 Mean
Sales 2 2 2 2 1 2.77
Production decisions 1 3 2 3 0 2.77
Marketing decisions 2 4 0 3 0 244
Investment decisions 2 4 0 3 0 2.44

1=Not affected, 2=Slightly affected, 3=Moderately affected, 4=Affected, 5=Strongly affected

Asked to rate the importance of problems caused by the information pollution in the industry, compared to
other problems they face, one participant reported they were slightly important, two reported that they were
moderately important, five reported that they were important, and one reported that they were very important.
Overall, it was found that information pollution problems were moderately important (3.66) compared to other
problems the companies faced (Table 7).

Table 7. Importance of information pollution compared to other problems

Factors 1 2 3 4 5 Mean

How important are the

problems caused by

information pollution compared 0 1 2 5 1 3.66
to other problems faced by your

company

1=Not important at all, 2=Slightly important, 3=Moderately important, 4=Important, 5=Very important

Asked to rate how successful their companies were in terms of eliminating information pollution and
informing consumers, participants on average rated their companies to be moderately successful to successful
(3.44) (Table 8).

Table 8. Success in fighting information pollution

Factors 1 2 3 4 5 Mean
How successful do you think

you are in fighting information 0 3 1 3 2 3.44
pollution?

1=Not successful at all, 2=Slightly successful, 3=Moderately successful, 4=Successful, 5=Very successful

3.3. Effectiveness of methods to fight information pollution

The Ministry of Agriculture and Forestry and other official agencies have ongoing efforts to fight
information pollution, and new recommendations are made from time to time regarding this issue. It is very
important to learn about companies’ opinions regarding the effectiveness of these methods. Therefore,
participants were asked to evaluate the effectiveness of some of the practices recommended to fight information
pollution.

Participants thought that methods such as running public service announcements on television, conducting
social media campaigns, and having medical doctors and industry representatives appear as guests on TV shows
to inform the public would be effective in fighting information pollution. Distributing flyers, advertising in
newspapers, and having medical doctors and industry representatives appear as guests on radio shows, on the
other hand, were considered to be less effective in informing consumers, compared to other methods (Table 9).
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Table 9. Effectiveness of methods to fight information pollution

Factors 1 2 3 4 5 Mean
Running public service announcements on TV 0 0 0 4 5 455
Conducting social media campaigns (e.g. on Facebook or 0 0 0 4 5 455
Twitter) '

Having medical doctors appear as guests on TV shows 0 0 1 4 4 4.33
Having industry representatives appear as guests on TV shows 0 1 0 4 4 4.22
Organizing promotional tours of company offices and plants for 0 0 3 4 2 388
consumers :

Organizing conferences, lectures, and symposia regarding the 0 1 1 5 2 388
issue '

Preparing billboards 0 1 1 6 1 3.77
Having all BESD-BIiR members add a section on information 0 2 1 4 2 3.66
pollution to their websites '

Having medical doctors appear as guests on radio shows 0 2 2 3 2 3.55
Having industry representatives appear as guests on radio shows 0 3 1 3 2 3.44
Advertising in newspapers 0 3 2 2 2 3.33
Preparing and distributing flyers 0 3 3 1 2 3.22

1=Would not be effective at all, 2=Would be slightly effective, 3=Would be moderately effective,
4=Would be effective, 5=Would be very effective

Cooperation is important in fighting information pollution. Corporation would be more likely to produce
positive results in the fight against information pollution, compared to companies taking individual action.
Therefore, participants were asked to evaluate cooperation among industry stakeholders and organizational
effectiveness in the fight against information pollution. Participants were of the opinion that there was
insufficient cooperation in the industry and relevant organizations were not sufficiently effective in fighting
information pollution (Table 10). In comparative terms, BESD-BIR was the most highly rated organization in
terms of effectiveness (3.55), whereas the Ministry of Agriculture and Forestry was not considered to be as

effective (2.66).

Table 10. Cooperation and organizational effectiveness in the fight against information pollution

Factors 1 2 3 4 5 Mean
BESQ-BIR is effective in the fight against information 0 1 4 5 5 355
pollution.

L_arge co_mpa_nles/bran_ds in the !ndustry cooperate in the 0 ) 4 ) 1 392
fight against information pollution.

AII_ stal_<eho|detrs in the_ md_ustry tak_e effectlv_e collective 0 ) 5 1 1 311
action in the fight against information pollution.

Domestic platforms established to fight against information

pollution (e.g. Healthy Chlcken_ Information Platform, Food ) 0 3 3 1 311
Safety Expert Portal) are effective.

The M|n|.stry_of Agrlc.ulture anc_i Forestry is effective in the ’ ’ 3 1 1 2 66
fight against information pollution.

The Ministry of Health is effective in the fight against ’ ’ 3 1 1 2 66

information pollution.

1=Strongly disagree, 2=Disagree, 3=Moderately agree, 4=Agree, 5=Strongly agree
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3.4 Companies’ views on reducing information pollution in the industry

To learn about companies’ recommendations on reducing information pollution in the industry and
strengthening consumer trust in chicken products, participants were asked the following questions and their
responses were subjected to descriptive analysis: “What do you think should be done to reduce information
pollution in the industry?” and “What do you think should be done to strengthen consumer trust in chicken
products?” Because the two questions were related to one another and answers had a lot in common, joint
analysis of the responses was possible. Participants were of the opinion that cooperation was needed among
stakeholders and more effective information campaigns needed to be run with the contribution of relevant
ministries in order to reduce information pollution and strengthen consumer trust. Participants also stated that the
number of public service announcement should be increased, featuring trusted public figures, and organized
action should be taken to protest media organizations that misinform the public (Table 11).

Table 11. Companies’ recommendations to reduce information pollution in the industry and strengthen
consumer trust in chicken products

Company Recommendations

- Producers should prepare ads containing healthy information about chicken and run these ads on prime
time TV.

- Stakeholders in the industry should take more effective action in cooperation with one another, and discuss
what needs to be done to eliminate the problem of information pollution in the industry.

- Communication channels that are the most effective for informing consumers should be identified and
efforts should be focused on these channels.

- Industry stakeholders should contact media organizations that feature people who are not experts and
misinform the public, express their joint protests, and take steps to prevent further such incidents.

- The Ministry of Health and the Ministry of Agriculture and Forestry should cooperate and take joint action
to resolve this problem that hurts the industry and the national economy.

- Emphasizing the point that people involved in the industry, company managers, and employees also
consume chicken, which is sufficient proof that the products they produce are safe.

- The Ministry of Health and the Ministry of Agriculture and Forestry should prepare a joint public service
announcement to accurately and effectively inform the public that the production process is healthy.

- Industry stakeholders should contact popular and trusted celebrities to ask them to be the face of the
industry to provide accurate information.

4. Conclusions

BESD-BIR (Turkish Poultry Meat Producers and Breeders Association) brings together the largest poultry
producing companies in Turkey, which collectively account for a very large proportion of poultry production in
Turkey. Data obtained from these producers show that the industry mostly consists of old and well-established
companies. All companies included in the study had more than 250 employees and were categorized as large
enterprises. Moreover, all of these companies exported poultry products. Given that they had their headquarters
in six different provinces of Turkey and were large enterprises, these companies were highly representative of
the poultry industry in Turkey.

Information pollution was found to be an important problem for poultry producers in Turkey. Information
pollution in the industry had slight to moderate effects on the sales, production decisions, marketing decisions,
and investment decisions of these companies. Sales and production decisions were affected to a slightly larger
extent than marketing and investment decisions.

A significant proportion of the companies took action to resolve the problem and inform the consumers
because they were affected by information pollution. These actions including adding sections on information
pollution to official company websites, creating FAQ sections to respond to consumers’ questions, allowing
visits by the public to production facilities, and livestreaming from production facilities. Overall, companies are
aware of the problem of information pollution. However, participants believe that they have not been successful
enough in the fight against information pollution. This shows that the companies have not yet been able to find
an effective solution to the problem.
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Participants were of the opinion that running successful information campaigns was critical to resolving the
problem of information pollution. They thought that an effective solution would be to reach consumers through
ads and public service announcements containing healthy and accurate information about chicken, run on prime
time TV. Another recommendation made by the participants was to have popular and trusted celebrities serve as
the face of the industry. Participants also thought that industry stakeholders should protest media organizations
and news that feature individuals who are not experts and misinform the public, and take joint action to avoid
further such incidents. Company representatives also recommended emphasizing the point that they, along with
other company managers and employees, eat chicken products safely as people with intimate knowledge of the
industry, which is an indicator that these products are not bad for health.

On the other hand, participants were of the opinion that there was insufficient cooperation in the industry and
relevant organizations were not sufficiently effective in the fight against information pollution. They thought that
industry stakeholders and relevant ministries needed to make stronger efforts to cooperate and work with one
another to solve the problem. Participants also thought that there was as yet insufficient cooperation among
companies in the fight against information pollution. Given that all producers, or the entire industry, are subject
to the effects of information pollution and negative discourses about the consumption of chicken, it is clear that
further cooperation and sharing are needed among companies. The presence of BESD-BIR as an umbrella
organization is a positive factor that can facilitate the fight against information pollution. In this context,
improving coordination among companies and making joint efforts can help in the fight against information
pollution.

Companies take various actions to fight information pollution, but overall, do not make effective use of their
websites, which is notable as an important disadvantage. Failure to make effective use of companies’ official
websites, despite the strong interest in informing the public, is a factor that reduces the effectiveness of the fight
against information pollution. Companies can reach consumers more easily if they were to make more effective
use of their social media accounts and websites, featuring accurate information particularly on subjects that
suffer from information pollution and a lack of consumer trust. Another measure that can help resolve the
problem of information pollution is the creation of platforms that would bring companies and consumers
together, and strengthen the communication among companies. This would create a more effective
communication between consumers and companies, allowing both sides to better understand the concerns and
ideas of one another, and help develop more effective solutions to the problem of information pollution.
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Evaluation of the Genetic Structure of Some Accessions Belonging to Onobrychis spp.
Using Microsatellite DNA Markers*

Onobrychis Tiirlerine Ait Bazi Aksesyonlarin Mikrosatellit DNA Markirt Kullanilarak
Genetik Yapisinin Degerlendirilmesi

Elbi Cansu YILMAZ?, Behiye Banu BILGEN?*, Metin TUNA?®
Abstract

Turkey is in a very convenient position for animal husbandry in terms of both natural resources and ecological
conditions. Forage crops, which has a very important place in agricultural activities, is the insurance of plant and
animal production. Sainfoin is a perennial forage legume species that grown in the northern temperate regions of
the world from the Mediterranean region and the Caucasus, and to Central Asia. In this study the genetic
diversity of 100 genotypes representing 44 accessions from 18 different Onobrychis species (O. arenaria subsp.
arenaria, O. inermis, O. petraea, O. cyri, O. iberica, O. altissima, O. vassilczenkoi, O. conferta subsp. argentea,
O. alba subsp. laconica, O. biebersteinii, O. grandis, O. kachetica, O. kemulariae, O. oxyodonta, O.
megataphros, O. pallasii, Onobrychis spp., and O. viciifolia) were evaluated using 8 simple sequence repeat
(microsatellite) markers. Based on the results, OVK036, OVK094, OVK125, OVMO033, OVK161, OVKO046,
OVMO061, and OVK174 loci were polymorphic. The observed number of alleles per SSR locus ranged from 6 to
21 alleles (mean of 11.625). Maximum allele frequency ranged from 0.51 to 0.93 with a mean value of 0.73. The
PIC value ranged from 0.124 to 0.244. The mean polymorphism information content of loci was 0.188. Genetic
diversity coefficients according to the UPGMA ranged from 0.000 to 0.9375. Cluster analysis divided the 100
sainfoin genotypes into two main groups (Cluster-1 and Cluster-I1). All diploid genotypes (except for 1 diploid
genotype) used in the study formed a separate group within Cluster-1. The results revealed that SSR markers
used in this study are useful for molecular characterization and assessing genetic diversity of sainfoin accessions.
The obtained SSR alleles and genetic variability in a studied certain loci provided significant information about
the genetic structure of sainfoin accessions that could be used as parental lines in sainfoin breeding programs.
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Yilmaz & Bilgen & Tuna
Evaluation of the Genetic Structure of Some Accessions Belonging to Onobrychis spp. Using Microsatellite DNA Markers

Oz

Tiirkiye hem dogal kaynaklar hem de ekolojik kosullar bakimindan hayvanciliga oldukga elverigli bir konuma
sahiptir. Tarimsal faaliyetler icerisinde ¢ok 6nemli bir yere sahip olan yem bitkileri tarimi, bitkisel ve hayvansal
iiretimin sigortas1 konumundadir. Korunga, diinyanin kuzey iliman bolgelerinde dzellikle Akdeniz bolgesi ve
Kafkaslardan Orta Asya'ya kadar yetisen ¢ok yillik bir baklagil yem bitkisi tiiriidiir. Bu c¢alismada 18 farkli
Onobrychis tiiriine ait 44 aksesyonu temsil eden 100 genotipin (O. arenaria subsp. arenaria, O. inermis, O.
petraea, O. cyri, O. iberica, O. altissima, O. vassilczenkoi, O. conferta subsp. argentea, O. alba subsp. laconica,
O. biebersteinii, O. grandis, O. kachetica, O. kemulariae, O. oxyodonta, O. megataphros, O. pallasii,
Onobrychis spp. ve O. viciifolia) genetik ¢esitliligi 8 adet basit dizi tekrarlari (mikrosatellit) belirteci kullanilarak
incelenmistir. Mikrosatellit analizi sonuglarina gére, OVK036, OVK094, OVK125, OVMO033, OVKI61,
OVKO046, OVMO061 ve OVKI174 lokuslar1 polimorfik olarak saptanmistir. SSR lokusu bagina gozlenen allel
sayist 6 ile 21 arasinda gozlenmistir (ortalama 11.625). Maksimum allel frekansi 0.51 ile 0.93 arasinda
degismekte olup, ortalama 0.73 degerindedir. PIC degeri 0.124 ile 0.244 arasinda hesaplanmig, ortalama
polimorfik bilgi igerigi 0.188 olarak belirlenmistir. UPGMA'ya gore genetik cesitlilik katsayilar1 0.000 ile
0.9375 arasinda degismistir. Dendrogram analizine gore, 100 korunga genotipi iki ana gruba (Grup-1 ve Grup-I1)
ayrilmistir. Caligmada kullanilan tiim diploid genotipler (1 diploid genotip hari¢) Grup-| igerisinde ayr1 bir grup
olusturmustur. Bu ¢alismada kullanilan SSR belirtegleri, korunga aksesyonlarinin molekiiler karakterizasyonu ve
genetik ¢esitliliginin degerlendirilmesi i¢in yararl oldugu sonucuna varilmistir. Spesifik lokuslardan elde edilen
SSR alelleri ve genetik varyasyon, korunga 1slah programlarinda ebeveyn hatlari olarak kullanilabilecek korunga
aksesyonlarinin genetik yapisi hakkinda énemli bilgiler saglamistir.

Anahtar Kelimeler: Islah, Molekiiler karakterizasyon, Korunga, SSR, UPGMA.
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1. Introduction

Turkey is one of the countries with high biodiversity in terms of plant flora. The reasons such as being at the
intersection of 3 different phytogeographical regions (the Mediterranean, the Irano-Turanian and Euro-Siberian),
climate, topography, geological and geomorphological structure, existence of different habitats, and altitude
differences contribute to its high biodiversity (Sekercioglu et al., 2011; Noroozi et al., 2019). Turkey hosts
approximately 12000 plant species and 32% of these species are endemic (Sekercioglu et al., 2011). In the world,
the plant families that take the first 3 ranks based on the number of species are Orchidaceae, Asteraceae and
Fabaceae, respectively (Lewis et al., 2005; Christenhusz and Byng, 2016). Fabaceae is the second largest family
in Turkey with 1145 species, 69 genera (TUBIVES, 2022). There are 60 taxa of Onobrychis genus, which ranks
4th in terms of the number of species in the legume family (TUBIVES, 2022).

Although O. viciifolia is the most widely cultivated species of the genus Onobrychis, O. arenaria subsp.
arenaria, and O. transcaucasica are also cultivated in some countries. Sainfoin is a common name given to those
cultivated species of Onobrychis. Sainfoin is a perennial forage legume species that can be easily grown in arid
and calcareous soils, especially in the northern temperate regions of the world, ranging from the Mediterranean
region and the Caucasus, and to Central Asia (Aktoklu, 1995; Bhattarai et al., 2016). Turkey is the one of the
micro gene centers for sainfoin (Yildiz et al., 1999; Carbonero et al., 2011). Sainfoin is an important forage
species in terms of many features such as high palatability, high nutritional value, anthelmintic activity, being a
good pasture for bees, and usage in soil improvement (Delgado et al., 2008; Ozbek, 2011; Ozalp and Temel,
2016). Ozerbey-03 is Turkey's first registered sainfoin variety in 2003 as a result of the sainfoin breeding
program started in 1975. Since 2003, the number of registered varieties in Turkey has increased to seven with the
varieties developed by public institutions or the private sectors (Anonymous, 2021).

Microsatellites [Simple Sequence Repeats (SSR)], which are widely distributed throughout eukaryotic
genomes, are codominant DNA markers (Vieira et al., 2016; Bagshaw et al., 2017). In plant genetic diversity or
genetic characterization studies, microsatellites are widely preferred due to their advantageous characteristics
such as being highly informative, multi-allelic nature, high polymorphism level, reproducibility and being
transferable between closely related species due to conserved flanking regions (Vieira et al., 2016; Sevim et al.,
2017). There were previous reports evaluating genetic structure and diversity in sainfoin populations/accessions.
Some of them have used RAPD analysis (Nosrati et al., 2012; Rasouli et al., 2013; Hejrankesh et al., 2014; Ertus,
2021), ISSR analysis (Toluei et al., 2012; Zarrabian et al., 2013; Zarrabian and Majidi, 2015; Nosrati et al., 2016;
Ertus, 2021), AFLP analysis (Bhattarai, 2017), and SSR analysis (Demdoum et al., 2012; Kempf et al., 2016;
Ozkan and Bilgen, 2019; Shen et al., 2019; Sutcu, 2020). When the studies were examined, it was observed that
either dominant marker systems or SSR analysis developed for closely related species were used for
determination of the genetic structure and diversity of sainfoin species. There are few studies using SSR markers
developed specifically for Onobrychis species by Kempf et al. (2016). Therefore, Onobrychis species-specific
SSR markers were preferred in this study to evaluate the genetic structures of 100 genotypes representing 44
accessions from 18 different Onobrychis species using SSR markers. This study also provides the determination
of the genetic diversity parameters, and the contribution to the breeding program by molecular phylogenetic
analysis.

2. Materials and Methods
2.1. Plant Material

100 genotypes representing 44 accessions from 18 different Onobrychis species (O. arenaria subsp. arenaria, O.
inermis, O. petraea, O. cyri, O. iberica, O. altissima, O. vassilczenkoi, O. conferta subsp. argentea, O. alba subsp.
laconica, O. biebersteinii, O. grandis, O. kachetica, O. kemulariae, O. oxyodonta, O. megataphros, O. pallasii,
Onobrychis spp., O. viciifolia) were used as a plant material (Table 1). All of the Onobrychis accessions used in the
study were obtained from USDA gene bank located in Pulman, WA.

401



Yilmaz & Bilgen & Tuna
Evaluation of the Genetic Structure of Some Accessions Belonging to Onobrychis spp. Using Microsatellite DNA Markers

Table 1. List of studied Onobrychis accessions number, their origin, sample code, and ploidy levels

Accession

No Species name Origin Sample code Ploidy

PI 312954 Onobrychis arenaria subsp. - o0 Russia 1-1, 1-2, 1-3, 1-4 Tetraploid
arenaria
P1 312943 Onaobrychis inermis Stavropol, Russia 6-1, 6-2, 6-3 Tetraploid
Pl 312935 Onobrychis inermis Former Soviet Union  8-1, 8-2, 8-3, 8-4 Tetraploid
P1 312942 Onobrychis inermis Former Soviet Union  10-1 Tetraploid
P1 312946 Onobrychis petraea Stavropol, Russia 11-1,11-2,11-3,11-4  Tetraploid
P1 316295 Onobrychis petraea Germany 12-1,12-2, 12-3 Tetraploid
W6 17878 Onobrychis cyri Russia 13-1, 13-2, 13-3 Tetraploid
Pl 315085 Onobrychis iberica Former Soviet Union  17-1, 17-2, 17-3 Tetraploid
Pl 312909 Onobrychis altissima Former Soviet Union  23-1, 23-2, 23-3, 23-4  Tetraploid
Pl 300580 Onobrychis vassilczenkoi Former Soviet Union  26-1, 26-2, 26-3 Diploid
Pl 280259 Onobrychis conferta subsp. - o . 30-1 Tetraploid
argentea

Pl 325448 Onobrychis altissima Stavropol, Russia 42-1 Tetraploid
P1642147  Onobrychis alba subsp. laconica  Bulgaria 43-1,43-2, 43-3 Diploid
P1 227377 Onobrychis biebersteinii Iran 44-1, 44-2, 44-3, 44-4  Tetraploid
Pl 297923 Onobrychis grandis Australia 47-1,47-2, 47-3 Tetraploid
Pl 325438 Onobrychis inermis Stavropol, Russia 48-1 Tetraploid
Pl 314931 Onobrychis iberica Former Soviet Union  49-1 Tetraploid
Pl 314469 Onobrychis kachetica Former Soviet Union  50-1, 50-2 Diploid
Pl 312464 Onobrychis kemulariae Former Soviet Union  51-1 Tetraploid
P1 301107 Onobrychis megataphros Turkey 52-1,52-2, 52-3 Diploid
Pl 312945 Onobrychis oxyodonta Former Soviet Union  54-1, 54-2, 54-3 Tetraploid
W6 21877 Onobrychis pallasii Ukraine 55-1 Diploid
P1 312947 Onobrychis petraea Stavropol, Russia 57-1,57-2, 57-3 Diploid
Pl 440574 Onobrychis vassilczenkoi Stavropol, Russia 60-1 Diploid
Pl 314468 Onobrychis cyri Former Soviet Union  63-1, 63-2, 63-3, 63-4  Tetraploid
P1 372809 Onobrychis inermis Czech Republic 69-1 Tetraploid
Pl 440572 Onobrychis inermis Russia 70-1 Tetraploid
Pl 464819 Onobrychis spp. Turkey 78-1,78-2 Diploid
P1 312940 Onobrychis inermis Stavropol, Russia 81-1, 81-2, 81-3,81-4  Tetraploid
P1 312936 Onobrychis inermis Former Soviet Union  82-1, 82-2, 82-3, 82-4  Tetraploid
Pl 312937 Onobrychis inermis Stavropol, Russia 83-1, 83-2, 83-3 Tetraploid
Pl 312938 Onobrychis inermis Former Soviet Union  84-1, 84-2, 84-3 Tetraploid
Pl 312939 Onobrychis inermis Stavropol, Russia 85-1, 85-2, 85-3 Tetraploid
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Table 1(continuance).

Accession No Species name Origin Sample code Ploidy
Pl 312941 Onobrychis inermis Stavropol, Russia 86-1, 86-2, 86-3 Tetraploid
Pl 225729 Onobrychis spp. Turkey 90-1, 90-2, 90-3 Tetraploid
P1 325445 Onobrychis spp. Former Soviet Union 93-1 Tetraploid
P1567875 Onobrychis spp. Diyarbakir, Turkey 94-1 Diploid
P1225730 Onobrychis spp. Turkey 97-1 Tetraploid

Pl 205200-2 Onobrychis. viciifolia Turkey 95 Tetraploid
Pl 236486-1 Onobrychis viciifolia Turkey 96 Tetraploid
Pl 250024 Onobrychis viciifolia Iran 97 Tetraploid
Pl 273784 Onobrychis viciifolia Lithuania 98 Tetraploid
Pl 192994 Onobrychis viciifolia - 99 Tetraploid
P1 639688 Onobrychis viciifolia Wyoming, USA 100 Tetraploid

2.2. DNA Extraction

Fresh leaves of 100 sainfoin genotypes were used for CTAB (Cetyltrimethylammonium bromide)-based
DNA extraction protocol with slight modifications (Doyle and Doyle, 1990). Each fresh leaf sample was ground
using a ball mill (Retsch MM400) just before starting DNA isolation. The Nanodrop®1000 and Nanodrop®
LITE spectrophotometer was used to quantify and qualify the isolated DNAs. The DNA samples were diluted as
50ng/uL and preserved at -20 °C for downstream SSR analysis.

2.3. SSR and Data Analysis

Eight SSRs (namely OVKO036, OVK046, OVK094, OVK125, OVK161, OVK174, OVMO033, and OVMO061)
were chosen from species specific SSR primers designed by Kempf et al. (2016). Three-primer strategy of
Schuelke (2000) (M13 tailed forward primer, reverse primer and 6-FAM™, NED™, PET™ or VIC™
fluorescent labeled M13 tail primer) was used during PCR amplification. Both the PCR mixture preparation and
the PCR amplifications were performed using the protocol described by Kempf et al. (2016). The presence of
amplified PCR products for each SSR primer was performed by agarose gel electrophoresis [1.5% agarose,
RedSafe Nucleic Acid Staining Solution (3 ul/1200 ml), 1X TBE (Tris-Borate-EDTA) buffer, 110 V, 1 h]. The
amplified PCR bands were visualized Gel Imaging System Vilber Lourmat Quantum. 3500 Genetic Analyzer
(Applied Biosystems, Life Technologies, UK) capillary electrophoresis was used to DNA fragment analysis, and
GeneMapper Software 5.0 (Applied Biosystems) was used to determine the SSR alleles.

The observed allele number (NoA), the frequency of each allele (AF), Shannon’s information index (I), Nei’s
1987 unbiased genetic diversity (uh) were calculated with GenAlEx version 6.5 program (Peakall and Smouse, 2012)
to evaluate genetic structure and diversity of studied sainfoin genotypes. The polymorphism detection ability of
studied SSR markers [Polymorphic information contents (PIC)] was calculated with the formula given in Roldan-
Ruiz et al. (2000) for each locus. The UPGMA (the unweighted pair group method) dendrogram based on Nei’s
unbiased genetic distance value was constructed with POPULATIONS 1.2.32 (Population Genetic Software)
(Langella, 1999) and TreeView 1.6.6 (Page, 1996) programs.

3. Results and Discussion

The eight SSR markers generated 93 polymorphic alleles for the studied Onobrychis accessions (Table 2).
The genetic diversity parameters, the observed allele number (NoA), the frequency of each allele (AF),
Polymorphic information contents (PIC), Shannon’s information index (I), Nei’s (1987) unbiased genetic
diversity (uh) were consequently used (Table 2). The number of alleles varied from 6 to 21 alleles per locus with
a mean value of 11.625. The lowest number of allele was obtained from OVK174 whereas the highest number of
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allele was obtained from the OVK094 marker. When the studies using the same SSR markers were examined, it
was observed that the number of alleles was similar to each other (Kempf et al., 2016; Ozkan and Bilgen, 2019;
Sutcu, 2020; Sutcu et al., 2022). It can be said that the small differences determined as a result of the comparison
are due to the variety in the number and type of Onobrychis species used in these studies (Table 3). Successful
fingerprinting of polyploids with a high level of precision is significant for plant breeding studies. Therefore,
having a higher number of alleles per locus is especially important in polyploid species for genetic diversity
studies due to its high discriminatory power. The frequency of 18 out of 93 alleles evaluated in the study was
observed to be less than 0.01 and these alleles were named as rare allele. Polymorphism information content
(PIC) of the loci ranged from 0.124 to 0.244 for 8 SSR loci. It was observed that the results were compatible
with each other in the comparison of PIC values using the same SSR markers with our study (Table 3) (Kempf et
al., 2016; Ozkan and Bilgen, 2019; Sutcu, 2020; Sutcu et al., 2022). Similar PIC values were calculated in
studies conducted by different researchers.

Table 2. Genetic diversity parameters in Onobrychis accessions using SSR markers

SSR Locus NoA* Rar'?g:‘(jbp) 'X'Ii:r]; 'Xli)i PIC* I* uh*
OVKO036 9 148-171  0.02 0.87 0.234 0.370 0.237
OVKO046 13 150-184  0.01 0.55 0.244 0.380 0.246
OVKO094 21 229-288  0.01 0.60 0.162 0.270 0.163
OVK125 9 194-221  0.02 0.77 0.226 0.362 0.228
OVK161 15 215282 001 0.65 0.131 0.223 0.132
OVK174 6 247-265  0.01 0.93 0.124 0.212 0.125
OVMO033 10 306-340  0.01 0.51 0.241 0.364 0.243
OVMO61 10 142-195  0.01 0.93 0.143 0.253 0.144

Mean 11.625 - 0.013 0.73 0.188 0.301 0.187

*NoA=0Observed allele number, AF= Allele frequency, PIC=Polymorphic information contents, Min.=Minimum, Max.=Maximum,
I=Shannon’s information index, uh= Nei’s (1987) unbiased genetic diversity

Shannon’s information index (I) was calculated as 0.212 for OVK174 and 0.380 for OVK046 marker. In a
previous study conducted with different Onobrychis genotypes by same SSR loci, the mean | value of 0.375 was
reported (Sutcu et al., 2022). Ozkan and Bilgen (2019) studied the molecular characterization of two Turkish
cultivars and 3 populations of O. viciifolia using same SSRs, and | value was calculated as 0.322. In Nosrati et
al. (2012) 5 wild sainfoin populations collected from different regions were evaluated with 5 RAPD primers, and
the | value was calculated between 0.364 and 0.461. Nosrati et al. (2016) used ISSR primers on sainfoin, the |
value was calculated between 0.181 and 0.277. Zarrabian et al. (2013) conducted a study on a total of 80 sainfoin
accessions, 46 Iranian and 34 exotics, and calculated | value ranged from 0.33 to 0.57. The Nei’s 1987 unbiased
genetic diversity (uh) changed from 0.125 to 0.246 with a mean of 0.187 (Table 2). Ozkan and Bilgen (2019)
reported the unbiased genetic diversity value as 0.222. Sutcu et al. (2022) found the mean uh value as 0.243.
When the h value obtained in different studies using various types of markers on sainfoin was examined, similar
results were observed. It was reported that the h value was between 0.118 and 0.179 (Nosrati et al., 2016), 0.246
and 0.318 (Nosrati et al., 2012). Ertus (2021) reported the mean genetic diversity level as 0.3365, 0.2656, and
0.3018 for 23 cultivated landraces and one registered Turkish variety for RAPD, ISSR primers and RAPD/ISSR
combination, respectively. According to the findings obtained in molecular characterization studies on sainfoin
species, it can be concluded that the genetic diversity parameters obtained from our study were in concordance
with the data presented from other researchers.
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Table 3. Observed allele number and polymorphism information contents of studied Onobrychis-specific
SSR primers evaluated by different researchers

o s Our study Kempf et al. (2016) Ozkan and Bilgen (2019) Sutcu (2020)
NoA NoA NoA NoA
OVKO036 9 7 8 6
OVKO046 13 12 11 10
OVKO094 21 14 8 15
OVK125 9 9 5 14
OVK161 15 12 9 12
OVK174 6 5 3 5
OVMO033 10 8 7 7
OVMO061 10 10 7 9
Mean PIC Mean PIC Mean PIC Mean PIC
OVKO036 0.234 0.350 0.193 0.363
OVKO046 0.244 0.310 0.215 0.286
OVKO094 0.162 0.240 0.194 0.189
OVK125 0.226 0.290 0.296 0.285
OVK161 0.131 0.250 0.147 0.200
OVK174 0.124 0.230 0.245 0.120
OVMO033 0.241 0.290 0.241 0.297
OVMO061 0.143 0.190 0.208 0.241

The constructed dendrogram from the UPGMA analysis was shown in Figure 1. Genetic diversity
coefficients ranged from 0.000 to 0.9375. The genetic diversity coefficient values in this study were similar to
those recorded in the literature for sainfoin populations/accessions (Nosrati et al., 2012; Ozkan and Bilgen, 2019;
Sutcu, 2020; Ertus, 2021; Sutcu et al., 2022). UPGMA clustering method provided two main clusters for all
Onobrychis accessions. Cluster-1 included 98 genotypes; 31 O. inermis, 9 O. petraea, 8 Onobrychis spp., 7 O.
cyri, 6 O. viciifolia, 5 O. altissima, 4 O. biebersteinii, 4 O. iberica, 4 O. vassilczenkoi, 4 O. arenaria subsp.
arenaria, 3 O. grandis, 3 O. megataphros, 3 O. alba subsp. laconica, 2 O. oxyodonta, 2 O. kachetica, 1 O.
kemulariae, 1 O. pallasii, 1 O. conferta subsp argentea accession. Cluster-1I included only 2 (O. petraea and O.
oxyodonta) genotypes. When the Cluster-1 is examined in detail, it is seen that it is divided into 5 subgroups.
While each of the 95, 82-1, 47-3 and 11-3 genotypes in Cluster-1 constitutes a separate subgroup, the remaining
94 genotypes form the second subgroup. This second group is divided into two subgroups, one consisting of 58
genotypes and the other consisting of 36 genotypes. These groups are also divided into subgroups within
themselves. Except for one genotype, all diploid genotypes (#18) used in the study formed a separate group
within this large group containing 58 genotypes. Within this group formed by diploid genotypes, only 2 O.
inermis, 1 O. altissima and 2 genotypes of Onobrychis species were included among tetraploids. The only
diploid genotype (O. petrae) did not included in this group, while a few tetraploid genotypes such as O.
biebersteini and O. inermis together formed a subgroup within the other large group consisting of 36 genotypes.
The most genetically similar genotype pairs in Cluster-1 were 26-2 to 26-3 (O. vassilczenkoi genotypes), 63-1 to
63-2 (O. cyri genotypes) and 1-1 to 1-2 (Onobrychis arenaria subsp. arenaria genotypes). In the study, some
sainfoin species are represented with higher genotype numbers (four plants/accessions) than others. These
genotypes were scattered in the dendogram. For example, there were 4 genotypes of O. viciifolia, while two of
them were together; the other two were distributed in different groups in the dendogram. It can be explained that
the reasons for being in different subgroups were (1) being very similar to each other morphogically, (2) the
confusion during collection, misdiagnosis, controversial taxonomy of the genus, (3) abundant exchange of
genetic material due to their coexistence in nature, and (4) even the low number of loci used in the study.
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Cluster-I

Cluster-II

0.1

Figure 1 UPGMA dendrogram for Onobrychis accessions based on Nei’s genetic distance values.
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4. Conclusions

Sainfoin is a legume plant that has an important place as a fodder plant, and fast and effective breeding
studies are needed to increase the number of new local varieties. In order to achieve more effective and
successful results, it is necessary to include molecular breeding approaches into the classical breeding processes.
Molecular markers provide deeper insights for the understanding of the genetic structure of crops and they are
important for successful plant breeding programs (Nadeem et al., 2018). This study was conducted to evaluate
the genetic diversity of Onobrychis species by using eight species specific SSR markers for 100 different
genotypes belonging to 18 different Onobrychis species. The studied genotypes have high possibility to be
selected for breeding program of sainfoin due to their genetic potential. It has been concluded that obtained SSR
data provided more reliable results to distinguish genotypes from each other, and can be, therefore, used
ongoing/future breeding programs of sainfoin to develop new varieties.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Portakal Yaginin Laboratuvar Kosullarinda ki Noktah Kirnizisriimcek, Tetranychus
urticae Koch (Acari: Tetranychidae) Uzerine AKarisit Etkisi

Acaricidal Effect of Orange Essential Oil on Two Spotted Spidermite, Tetranychus urticae
Koch (Acari: Tetranychidae) under Laboratory Conditions

Ipek YASARY, Sahin KOK?, ismail KASAP®

Oz

Tetranychus urticae Koch (Acari: Tetranychidae) bir¢ok kiiltiir bitkisinde ciddi ekonomik kayiplara sebep olan
fitofag zararlilardan biridir. T. urticae’nin miicadelesinde genellikle kimyasal kullanimi1 6n plana gikmaktadir.
Ancak kimyasallarin fazla miktarlarda ve uygun olmayan zaman ve dozlarda kullanimi, tiriinler {izerinde kalinti
ve toksik etki birakmasi nedeni ile birgok olumsuzluga neden olmaktadir. Son zamanlarda bitkilerden elde edilen
ekstraktlarin tarimsal zararlilar tizerindeki etki ¢caligmalar1 giin gegtikge artmakta ve basaril sonuglar vermektedir.
Yapilan bu galigmada, portakal yagmin ticari formiilasyonu olan bir insektisitin farkli dozlarda T. urticae
tizerindeki yumurta birakma davranigina yonelik etkisi ve akarisidal etkisi arastirilmigtir. Denemeler laboratuvar
sartlarinda %65+10 nem ve 25+2°C sicaklik kosullarinda, fasulye yapraklari {izerinde, yaprak disk daldirma
yontemi ile 5 farkli uygulama dozu (0.2, 0.4, 0.6, 1 ve 2 ml 100 ml? su) kullanilarak ve 5 tekerriir olarak
yiiriitilmiistiir. Gézlemler uygulamadan 1, 24, 48, 72 ve 96 saat sonra 6li ve canli birey sayimlart aliarak
yapilmistir. Yapilan bu ¢aligma sonucunda T. urticae bireyleri tizerindeki en yiiksek akarisit etkinin uygulamadan
96 saat sonra portakal yaginin %2 konsantrasyonunda %75.56 6liim orani ile belirlenmistir. 96. saat gézlemlerinde
en diistik akarisit etki ise %20 ile %0.2’lik konsantrasyonda tespit edilmistir. Buna gore ¢alismada ele alinan
portakal yagmim konsantrasyon Ve siiresi arttikga akarisit etkisinin de arttigi goézlenmistir. Portakal yagi aktif
maddeli insektisitin T. urticae’nin yumurta birakma davranmigi lizerindeki etkisine bakildiginda ise kullanilan
insektisitin %2 konsantrasyonunda 96 saat sonunda 8.80+1.87 yumurta sayisi tespit edilirken ayni gézlem
zamaninda kontrol grubundaki yumurta sayis1 99.4041.26 olarak belirlenmistir. Sonug olarak portakal yagimnin T.
urticae iizerinde sagladigi akarisidal etki, kimyasal miicadeleye alternatif bir miicadele etmeni olarak
kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Yumurta birakma, Akarisit etki, Bitkisel ekstrakt, Portakal yagi, Tetranychus urticae.

*Sorumlu Yazar/Corresponding Author: ipek Yasar, Canakkale Onsekiz Mart Universitesi Ziraat Fakiiltesi Bitki Koruma Béliimii, Canakkale, Tiirkiye.

E-mail: ipek.yasar@comu.edu.tr OrcID: 0000-0002-1447-6232.
2Sahin Kok, Canakkale Onsekiz Mart Universitesi Lapseki Meslek Yiiksekokulu Bitkisel ve Hayvansal Uretim Boliimii, Bitki Koruma Programi, Canakkale,

Tiirkiye. E-mail: sahinkok@comu.edu.tr OrcID: 0000-0002-1092-8596.

3{smail Kasap, Ganakkale Onsekiz Mart Universitesi Ziraat Fakiiltesi Bitki Koruma Boliimii, Canakkale, Tiirkiye. E-mail: ikasap@comu.edu.tr OrclID: 0000-
0002-0015-4558. ) )

Atif/Citation: Yasar 1., Kok S., Kasap 1. (2023). Portakal yagmin laboratuvar kosullarinda iki noktali kirmizi 6riimcek, Tetranychus urticae Koch (Acari:
Tetranychidae) tizerine akarisit etkisi. Tekirdag Ziraat Fakiiltesi Dergisi, 20(2): 410-417.

*Bu makale 24-28 Agustos 2021 tarihlerinde gergeklegen 8. Uluslararasi Katilimli Bitki Koruma Kongresi’nde sozlii bildiri olarak sunulmus ve bildiri kitap¢iginda
Ozet bildiri olarak yer almistir. .

©Bu ¢alisma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisanst (https:/creativecommons.org/licenses/by-nc/4.0/) kapsaminda
yaymlanmigtir. Tekirdag 2023.

410


mailto:ipek.yasar@comu.edu.tr
https://orcid.org/0000-0002-1447-6232
mailto:sahinkok@comu.edu.tr
https://orcid.org/0000-0002-1092-8596
mailto:ikasap@comu.edu.tr
https://orcid.org/0000-0002-0015-4558
https://orcid.org/0000-0002-0015-4558
https://orcid.org
https://orcid.org
https://orcid.org

JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(2)

Abstract

Tetranychus urticae Koch (Acari: Tetranychidae) is one of the phytophagous pests that cause serious economic
losses in many cultivated plants. In the control of T. urticae, the use of chemicals usually comes to the fore.
However, the use of chemicals in excessive amounts and in inappropriate times and doses causes many negativities
because they leave residue and toxic effects on the products. Recently, studies on the effects of extracts obtained
from plants on agricultural pests have been increasing day by day and yield successful results. In the study, the
effect of an insecticide, which is a commercial formulation of orange oil, on egg laying behavior and acaricidal
effect on T. urticae at different doses were investigated. The experiments were carried out in laboratory conditions
at 65+10% humidity and 25+2°C temperature conditions, on bean leaves, using leaf disc dipping method, using 5
different application doses (0.2, 0.4, 0.6, 1 and 2 ml of 100 mI* water) and 5 was carried out recursively.
Observations were made at 1, 24, 48, 72 and 96 hours after the application by taking the counts of dead and live
individuals. As a result of this study, the highest acaricidal effect on T. urticae individuals was determined with a
mortality rate of 75.56% at 2% concentration of orange oil 96 hours after the application. In the 96th hour
observations, the lowest acaricidal effect was detected at a concentration of 20% to 0.2%. Accordingly, it was
observed that the acaricide effect increased as the concentration and duration of the orange oil studied in the study
increased. When the effect of the insecticide with orange oil active substance on the egg laying behavior of T.
urticae was examined, the number of eggs in the control group was determined as 99.40+1.26 at the same
observation time, at the 2% concentration of the insecticide used, while 8.80+1.87 eggs were detected at the end
of 96 hours. As a result, the acaricidal effect of orange oil on T. urticae shows that it can be used as an alternative
control agent to chemical control.

Keywords: Egg-laying, Acaricidal effect, Herbal extract, Orange oil, Tetranychus urticae.
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1. Giris

Tetranychidae familyasi igerisinde yer alan iki noktali kirmizidriimeek Tetranychus urticae Koch. (Acari:
Tetranychidae) diinyada oldugu gibi iilkemizde de bir¢ok kiiltlir bitkisinde 6nemli derecede ekonomik kayiplara
sebebiyet veren polifag bir tiirdiir (Helle ve Sabelis, 1985). Bu zararlinin 126 familyada 1100’den fazla bitkide
zarar olusturdugu bildirilmistir (Migeon ve Dorkeld, 2017). T. urticae sokucu emici agiz yapisiyla yaptigi emgi
sonucu yapraklarda kuruma, sararma ve dokiilmelere neden olarak primer olarak zarar olustururken, fotosentezin
azalmasi ve viriislerin tasinmasi nedeniyle de sekonder olarak zarar olusturmaktadir (Jeppson ve ark., 1975).

Diinyada oldugu gibi iilkemizde de akarlar ile miicadelede ilk sirada akarisit kullanimi gelmektedir. Ancak
akarlarin hizl1 dol verme yetenekleri, yasam siirelerinin oldukca kisa olusu ve sahip olduklar1 detoksifikasyon
yetenekleri sayesinde kimyasallara kars1 ¢ok kisa siirede direng gelistirebilmektedirler (Stumpf ve Nauen, 2001;
Van Leeuwen ve ark., 2006). T. urticae, 60 iilkede kullanilan 80’nin {izerinde akarisite karsi dayaniklilik
gelistirebildigi igin diinya genelinde aktif maddeye kars1 en fazla direng gelistiren zararl olarak bilinmekte ve bu
zararl “diren¢ sampiyonu” olarak degerlendirilmektedir (Miresmailli ve Isman, 2006; VVan Leeuwen ve ark., 2010;
Dermauw ve ark., 2013). Son yillarda kirmizidriimceklere karsi yaygin olarak kullanilan sentetik pestisitlerin fazla
miktarlarda ve uygun olmayan zaman ve dozlarda kullanimi ekolojik dengesizlige, ¢evre kirliligine, insan
sagliginda olumsuz etkilere, kalint1 problemlerine ve ekolojik denge i¢in biiyiik 6neme sahip faydali organizmalar
iizerinde de yan etkilere neden olmaktadir (Stumpf ve Nauen, 2002; Kim ve ark., 2004). Kimyasallarin neden
oldugu tim olumsuzluklar géz 6niine alindiginda alternatif miicadele yontemleri dikkat ¢ekmektedir (Kasap ve
Kok, 2019; Karabiiyiik ve Aysan, 2019; Budak ve ark., 2022).

Bitkisel ekstraktlar dogada mevcut bulunan, ¢evreye toksik etkisi bulunmayan, kolaylikla parcalanabilmesi
nedeniyle ¢evre kirliligine yol agmayan, hedef dis1 organizmalara daha az zararl olan ve kirmiziériimceklerin
miicadelesinde sentetik pestisitlere kars1 son zamanlarda iyi bir alternatif olarak karsimiza ¢ikmaktadir (Feng ve
Isman, 1995; Wewetzer, 1998; Erdogan ve ark., 2010; Yorulmaz Salman ve ark., 2014, 2015; Pavela, 2016; Kasap
ve Kok, 2019). Bu ekstraktlar 6ldiiriicti (toksik), uzaklastiric1 (repellent), beslenmeyi engelleyici (antifeedent),
yumurta birakmay1 engelleyici, beslenme ve gelismeyi engelleyici gibi zararli lizerinde birgok biyolojik aktivite
gostermektedir (Isman, 2006).

Tek terpene sahip olan veya kimyasal bilesimine tek bir bilesenin hakim oldugu bir ugucu yag olan portakal
yagi, portakal kabuklarinin soguk preslenmesiyle olusan, ana bileseninde %90 ve iizeri d-Limonen olan bir
biyopestisittir. Giiney Afrika’da Oro Agri firmas: tarafindan gelistirilen bu biyopestisit Prev-AM ticari ismi ile
bilinmekte ve igerisinde %5-6 oraninda aktif bilesen olarak portakal yagi bulunmaktadir. Ayrica, AB'de (Fransa
ve Belgika) ve ABD'de kullanim i¢in onaylanmustir (Isman, 2019). Bu ticari biyopestisit iilkemizde biber, patlican,
hiyar ve domates bitkilerinde zararli Bemisia tabaci (Genn.) ve Trialeurodes vaporariorum (Westw.) (Hemiptera:
Aleyrodidae) i¢in ruhsatlandirilmistir. Bu biyopestisit, zararlilarin kiitikulalarmin kurumasia neden olarak canlt
dokular1 yok etmektedir (Anonim, 2021). Turunggillerden elde edilen yaglarin T. urticae ve diger zararlilara kars
akarisit (Araujo-Junior ve ark., 2010; Attia ve ark., 2011), repellent (Da Camara ve ark., 2015), fumigant
(Motazedian ve ark., 2012; Reddy ve Dolma, 2017) ve insektisit (Akhtar ve ark., 2012; Pavela, 2013; El-Badawy,
2015) etkileri tizerine bazi ¢alismalar bulunmaktadir.

Bu calismada ise portakal yagi aktif maddeli ticari bir insektisitin farkli konsantrasyonlarimn T. urticae tizerine
akarisit ve yumurta birakma davranisi iizerine etkileri arastirilmigtir.

2. Materyal ve Metot
2.1. Tetranychus urticae iiretimi

Bu ¢alismada T. urticae ergin disi bireyleri kullanilmistir. Iki Noktali Kirmizidriimeek T. urticae daha nce
Canakkale’nin merkeze bagli Halileli kdyiinde (Batakovasi) yer alan sebze alanlarindan toplanarak 2542 °C
sicaklik, %65+10 nem ve 16:8 1s1klanma periyoduna ayarli iklim odasinda fasulye [Phaseolus vulgaris (Fabaceae)]
bitkileri {izerinde kiiltiire alinmistir. Iklim odasinda yetistirilen fasulye bitkileri 3-4 ger¢ek yapraga ulastiginda T.
urticae ile bulasik fasulye bitkileri lizerine yerlestirilerek gerekli zararl akar {iretimi yapilmistir.

2.2. Denemede kullanilan hiicrelerin hazirlanmasi

Denemelerde kullanilan hiicrelerin her biri 3 mm kalinliginda ve 60 x 45 mm boyutlarinda pleksiglass levhalar,
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iizerine saf su emdirilmis pamuk ve ayni ebatlarda kurutma kagidi lizerine temiz fasulye yapraklari yerlestirilmistir.
Ortasinda 25 mm gapinda agiklik bulunan bir bagka pleksiglass levha yerlestirilerek iistiine de zararlinin kagmasini
engellemek icin {izerinde kiigiik deliklerin bulundugu asetat kapatilmistir. Hiicrelerin igerisi, yapraklarm canli
kalabilmesi i¢in saf su ile siirekli nemli tutulmustur.

2.3. Portakal yaginin Tetranychus urticae iizerine akarisit ve yumurta birakma davranisina etkisi

Portakal yagmmin farkli dozlarda T. urticae lizerindeki akarisit ve yumurta birakma davranisi iizerine etkisini
belirlemek amaciyla ergin disi (1-5 giinlikk) bireyleri {izerine uygulamalar yapilmistir. Calisma laboratuvar
kosullarinda fasulye bitkisi tizerinde Erdogan ve ark. (2012)’nin yéntemi temel alinarak planlanmustir. Bu kapsamda
uygulamalar yaprak disk daldirma yontemi kullanilarak yiiritilmistiir. Ele alinan portakal yagmin ticari
formulasyonunun énerilen dozu ve bu dozun iist dozlar1 (0.2, 0.4, 0.6, 1 ve 2 ml 100 ml* su) saf su ile seyreltilerek
hazirlanmigtir. 3 cm ¢apindaki fasulye yapraklari hazirlanan dozlar igerisine pens yardimi ile daldirildiktan sonra
kurumaya birakilmigtir. Ardindan kuruyan yapraklar levhalara yerlestirilmistir. Kontrol hiicrelerine ise yalnizca saf su
ile uygulama yapilmig ve kurumaya birakilmistir. Yapraklarm canli kalabilmesi i¢in levhalara yerlestirilen pamuklar
saf su ile stirekli nemli tutulmusgtur. Uygulama yapilan her yaprak {izerine T. urticae’nin 10 ergin disi bireyi birakilmis
ve 1., 24, 48., 72. ve 96. saatlerdeki 6lii ve canli bireyleri ile birakmig olduklar1 yumurta sayilar1 kaydedilmistir.
Denemeler kontrol grubu ve her konsantrasyon igin 5 tekerriir olarak yiiriitiilmiistiir. Tiim ¢aligmalar 25+2 °C
sicaklik, %65+10 orantili nem ve 16:8 saat 1s1iklanma periyoduna ayarlanmig iklim kabini i¢erisinde yiirlitilmiistiir.

2.4. Verilerin degerlendirilmesi

Denemelerden elde edilen tiim veriler MiniTab 17 programu ile istatistik analize tabi tutulmus. Yiizde etki oranlari
Abbott formiilii ile hesaplanmustir (Abbott, 1925). Bu formiile gore Yiizde Oliim Orami=[(A-B)/A]*100 (A: Kontrolde
yer alan canli birey sayisi, B: Uygulama dozunda yer alan canli birey sayisi) olarak kontrolde ortaya ¢ikan 6liim sayilart
ile diizeltilmistir.

Denemeden elde edilen verilere 6nce karekok transformasyonu uygulanmistir. Daha sonra tek yonlii varyans
analizi (One-Way ANOVA) teknigi kullamilarak istatistik analizleri yapilmistir. Gruplar arasi1 farkliliklar Tukey testi
kullanilarak belirlenmistir.

3. Arastirma Sonuglari ve Tartisma
3.1. Akarisit etki

Yapilan bu ¢alismada, portakal yaginin farkli konsantrasyonlarmm (0.2, 0.4, 0.6, 1 ve 2 ml 100 mItsu) 1., 24.,
48., 72. ve 96. saat gozlemlerinde T. urticae ergin disi bireyleri {izerine akarisit etkisi belirlenmistir. Yapilan
analizler sonucunda portakal yaginin akarisit etkisi konsantrasyon ve saat faktorlerine gore kendi aralarinda
degerlendirildiginde hem dozlar hem de saatler arasindaki farklar istatistiksel olarak 6nemli bulunmustur (P<0.05).
Doz ve saat faktorleri birlikte incelendiginde 10 farkl: istatistiksel grup belirlenmistir. Buna gére Portakal yagimin
T. urticae tizerine en yiiksek akarisit etkisinin %75.56 ile 96. saatte %2’lik konsantrasyonda oldugu belirlenmistir.
96. saat gozlemlerinde en diisiik etki ise %20 ile %0.2°1ik konsantrasyonda gézlenmistir. Ayrica analizlerden elde
edilen sonuclara gore 1. saatte hicbir 6liimiin gerceklesmedigi ilk olimlerin 24. saatte bagladigi, doz ve siire
arttikca portakal yaginin akarisit etkisinin de arttigi gozlenmistir. Calismada kullanilan ve aktif maddesi portakal
yagi olan PREV-AM preperatinin T. urticae iizerine akarisit etkisini aragtirmak tizere belirlenen doz ve saat
faktorlerine gore istatistiksel analiz verileri Tablo 1°de ele alinmigtir.

3.2.Yumurta birakma davranist

Calisma sonucunda portakal yaginin dozlara ve gézlem siirelerine gére yumurta birakmay1 engelleyici yonde
etki gosterdigi belirlenmistir. Portakal yag: aktif maddesinin 7. urticae nin yumurta birakma davranisina etkisine
bakildiginda, doz ve zaman faktorlerinin birimleri arttikga T. urticae bireylerinin birakmis oldugu yumurta
sayisinda belirgin bir azalma oldugu gézlenmistir. Calisma sonucunda hem doz gruplar1 arasinda hem de saat
dilimleri arasindaki farkliliklar istatistiksel olarak oOnemli bulunmustur. Doz faktorii dikkate alinarak
incelendiginde portakal yaginin %0.2 konsantrasyonda, 72. saat ve 96. saat gdzlemleri ayn1 grupta yer alarak diger
gruplarla karsilastirildiginda aralarindaki fark istatistiksel olarak 6nemli oldugu tespit edilmistir (P<0.05). En
diisiik yumurta sayisi, 8.60+3.50 ortalama yumurta sayisi ile portakal yagimin %2 konsantrasyonda 72. saatte
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gozlemlenmistir. Ayn1 dozun 96. saatteki etkisi de 8.80+1.87 ortalama yumurta sayisi ile ayni istatistiksel grup
igerisinde yer almigtir. Kontrol uygulamalarinda ise 72. saatte 84.40+1.58 ortalama yumurta sayisi, 96. saatte ise
99.40+1.26 ortalama yumurta sayisi gozlemlenmistir. Uygulanmis olan portakal yagmm farkli

konsantrasyonlariin yumurta birakma davranigi tizerine etkileri Tablo 2’de verilmistir.
Tablo 1. Portakal yaginin farkli konsantrasyonlarimin Tetranychus urticae disileri iizerine akarisit etkisi

Table 1. Acaricidal effect of different concentrations of orange oil on Tetranychus urticae females

1. Saat 24. Saat 48. Saat 72. Saat 96. Saat
Uygulama Etki Etki Etki Etki Etki
Kons. (Abbott) (Abbott) (Abbott) (Abbott) (Abbott)
mi 1%§ml'1 0.00+0.00 a*C** 800+2.89 cB 18.00+2.89 cA 17.78+3.15 cA 20.00+3.05 CcA
4
ml 1?)0 mi 0.00+£0.00 aD 8.00+211 cC 1400+2.99 cB 1555+3.56 cB 33.33+333 CcA
ml 1(())§ml'1 0.00+£0.00 aD 6.00+2.34 c¢C 26.00+3.66 bB 28.89+3.86 bB 48.90+4.80 bA
1
ml 100 mI: 0.00+0.00 aD  14.00+234 bC 26.00+2.99 bB 31.11+3.81 bB 4444+333 bA
ml 1020 mi 0.00+0.00 ab 28.00+4.66 aC 48.00+439 aB 51.11+410 aB 7556+4.46 aA

* Uygulama dozlar1 arasindaki farklar, ayn1 gozlem siireleri siitununda kii¢lik harflerle gosterilmistir. Dozlar arasindaki farklar
istatistiksel olarak 6nemli bulunmusgtur (P<0.05).
** Gozlem siireleri arasindaki farklar, ayni uygulama dozu satirinda biiyiik harflerle gosterilmistir. Gozlem siireleri arasindaki
farklar istatistiksel olarak 6nemli bulunmustur (P<0.05).
Tablo 2. Portakal yaginin farkl konsantrasyonlarinin Tetranychus urticae’nin biraktigi yumurta sayisi
iizerine etkisi

Table 2. The effect of different concentrations of orange oil on the number of eggs laid by Tetranychus

urticae

U e 1. Saat 24, Saat 48. Saat 72. Saat 96. Saat

y}gons Yumurta Yumurta Yumurta Yumurta Yumurta

) Sayisi Sayisi Sayisi Sayis1 Sayisi

mi 1%'§m|_1 8.60+£1.29 a*D** 72.40+2.92 cA  53.00+2.38 cB  39.00+3.30 cC 44.00+1.82 bC
ml 1%'51m|_1 1.60+3.34 bD 105.00+5.14 aA 100.00+5.34 aA 66.40+4.89 bB 40.60+2.21 bC
mi lggml'l 7.20+1.81 aE 94.80+3.80 bA 67.40+4.07 bB 5840+4.70 bC 47.20+2.17 bD
ml 1010 mit 3.40+1.48 bE 67.00+£2.26 dA  49.20+2.35 cB 35.00£3.16 cC 22.00+1.78 cD
mi 1020 mi-t 2.00+1.66 bC 20.60+4.81 eA 15.20+4.07 dA 8.60+3.50 dB 8.80+1.87 dB

Kontrol 4.00+1.50 abE 103.80+2.38 aA 93.00+£3.54 aC 84.40+1.58 aD 99.40+1.26 aB

*Uygulama dozlar1 arasindaki farklar, ayn1 gozlem siireleri siitununda kii¢iik harflerle gosterilmistir. Dozlar arasindaki farklar
istatistiksel olarak 6nemli bulunmusgtur (P<0.05).

** Gozlem siireleri arasindaki farklar, ayni uygulama dozu satirinda biiytik harflerle gosterilmistir. Gozlem siireleri arasindaki
farklar istatistiksel olarak 6nemli bulunmustur (P<0.05).

Yapilan benzer calismalarda portakal yaginin akarisit, repellent ve fiimigant etkisi arastirilmistir. Yapilan bu
calismada ise elde edilen veriler portakal yaginmn T. urticae iizerine akarisit ve yumurta birakmay1 engelleyici
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etkilerinin oldugunu gostermistir. Hassan ve ark. (2021) portakal kabugu yag1 ve metanol yaprag: ekstraktlarinin
48 saat sonra en yiiksek konsantrasyonda (10.000 ppm) ergin T. urticae disilerinde yiiksek 6liim oranlarina neden
oldugunu tespit etmiglerdir. Portakal kabugu yaginin diger bitki ekstraktlarina gore T. urticae'ye karsi en yiiksek
etkiye sahip oldugunu ve kullanilan ektraktlarin akarisidal aktivitelerinin konsantrasyona bagli oldugunu ve
portakal kabugu yaginin ortalama 6ldiiriicli konsantrasyon (LC50) degerinin 2203 ppm oldugunu belirtmiglerdir.
Bir bagka ¢alismada ise Da Camara ve ark. (2015), iki tiir portakalin laranja lima (Citrus aurantium L.) ve laranja
pera (Citrus sinensis O.) meyve kabugundan su damitma yoluyla ugucu yaglarini elde etmislerdir. Pera ve Lima
yaglarinin icerik bakimmdan en yogun maddesinin d-limonen oldugunu ve her iki yagin da repellent etki
gostermesine ragmen Lima yagmin akarlarin bitkiler arasindaki hareketini de kisitlayict etki gosterdigini
bildirmisler. Ote yandan, Attia ve ark. (2011), denemede kullanmis olduklar1 31 bitki tiiriinden 7 tanesinin T.
urticae’ye karsi etkili oldugunu ve bunlar igerisinde C. aurantium ekstraktinin popiilasyon yogunlugunu %350
oraninda azalttigini bildirmislerdir. Bir bagka caligmada ise Roh ve ark. (2011), laboratuvar kosullarinda C.
sinensis'in kabuk esansiyel yaginin akarisit etkisini yaprak daldirma yontemi ile test etmislerdir. Caligma
sonunda %0.1 konsantrasyonda uygulamadan 24 saat sonra T. urticae disileri tizerinde %45.6 6liim gergeklestigini
ve disilerin birakmis oldugu toplam yumurta sayisinin da 6nemli 6l¢iide azaldigini belirtmislerdir. Diger bir
caligmada ise Araujo-Junior ve ark. (2010), Kuzeydogu Brezilya'da yetistirilen 3 farkli narenciye tiiriiniin; C.
sinensis var. péra (LP), C. sinensis var. mimo (LM), ve C. aurantium (LL) T. urticae'ye karsi repellent ve fiimigant
etkisini arastirmiglardir. Calisma sonucunda en yiiksek repellent etkinin %2.0 konstantrasyonda LM ig¢in
gozlendigini belirtmiglerdir. Bununla birlikte, en giiclii fumigant toksisitesi, LC50 degeri 1.63puL/L hava ile LL
yag1 oldugunu tespit etmislerdir. Ayrica narenciye kabugu yaglariin, 6zellikle C. aurantium ve C. senensis var.
mimo, T. urticae'nin kontroliinde avantaj saglayacagini bildirmislerdir.

4. Sonuc¢

Tarim alanlarinda zararlilar ile miicadelede yogun sekilde kullanilan kimyasallarin insanlar tizerindeki olumsuz
etkileri ve gevreye verdigi geri doniilmez zararlar1 nedeniyle, bu kimyasallara alternatif olarak kullanilan bitkisel
ekstraktlarin 6nemi giin gegtikge artmaktadir. Bu ¢aligmanin sonucunda akarlara karsi ruhsatlandirilmamis olan
ticari formiilasyonlu portakal yagi ekstraktinin, T. urticae bireyleri iizerinde akarisit ve yumurta birakma
davranislari iizerinde 6nemli derecede etkili oldugu belirlenmistir. Sonug olarak bitkilerden elde edilmis olan
ekstraktlarin 6nemli tarimsal zararlilar tizerine etkilerinin ele alindigi ¢aligmalarin artmasi entegre miicadele
kapsaminda pestisitlere karsi énemli bir alternatif miicadele yonteminin gelistirilmesine katki saglayacagi
diisiiniilmektedir. Portakal yagimin da bu alternatif miicadele yontemleri igerisinde kullanilabilecek 6nemli bir
alternatif {irlin olabilecegi diistiniilmektedir.

415



Yasar & Kok & Kasap
Portakal Yagimin Laboratuvar Kosullarinda Iki Noktali Kirmizidriimeek, Tetranychus urticae Koch (Acari: Tetranychidae) Uzerine Akarisit Etkisi

Kaynakg¢a

Abbot, W. S. A. (1925). Method of comparing the effectiveness of an insecticide. Journal of Economic Entomology, 18: 265-267.

Akhtar, Y., Isman, M. B., Lee, C. H., Lee, S. G. and Lee, H. S. (2012). Toxicity of quinones against two-spotted spider mite and three species
of aphids in laboratory and greenhouse conditions. Industrial Crops and Products, 37(1): 536-541.

Anonim (2021). Prev-am ® . Oro Agri Avrupa Sss. https://www.oroagri.eu/tr/faq/prev-am-faq/. (Erisim Tarihi: 09.09.2021).

Avraujo-Junior, C. P., Da Camara, C. A. G., Neves, I. A., Ribeiro, N. C., Gomes, C. A., Moraes, M. M. and Botelho, O. S. (2010). Acaricidal
activity and chemical composition of peel essential oils of three Citrus species cultivated in NE Brazil. Natural Product Communications,
5(3): 471 476.

Attia, S., Grissa, K. L., Ghrabi, Z. G., Mailleux, A. C., Lognay, G. and Hance, T. (2011). Assessment of the acaricidal activity of several plant
extracts on the phytophagous mite Tetranychus urticae (Tetranychidae) in Tunisian citrus orchards. Bulletin de la Société Royale Belge
d'Entomologie/ van de Koninklijke Belgische Vereniging Voor Entomologie, 147: 71-79.

Budak, E., Yigit, S., Askin, A. K., Akea, I. ve Saruhan, 1. (2022). Baz1 ugucu yaglarm Macrosiphum rosae (L.) (Hemiptera: Aphididae)'ya
insektisidal etkilerinin belirlenmesi. Tekirdag Ziraat Fakiiltesi Dergisi, 19(1): 101-107.

Da Camara, C. A. G., Akhtar, Y., Isman, M. B., Seffrin, R. C. and Born, F. S. (2015). Repellent activity of essential oils from two species of
citrus against Tetranychus urticae in the laboratory and greenhouse. Crop Protection, 74:110-115.

Dermauw, W., Wybouw, N., Rombauts, S., Menten, B., Vontas, J., Grbic, M., Clark, R. M., Feyereisen, F. and Van Leeuwen, T. (2013). A
link between host plant adaptation and pesticide resistance in the polyphagous spider mite Tetranychus urticae. Proceedings of the National
Academy of Sciences of the United States of America, 110: 113-122.

El-Badawy, S.S. (2015). Insecticidal and repellent activities of citrus peel oils against mealybug Icerya seychellarum (Westwood). Egyptian
Journal of Agricultural Research, 93(3):791-808.

Erdogan, E., Saltan, G. ve Sever, B. (2010). Ac1 Biber (Capsicum annum L.) ekstraktinin iki noktali kirmiziriimeek, Tetranychus urticae
Koch (Arachnida: Tetranychidae)’ye akarisit etkisi. Bitki Koruma Biilteni, 50: 35-43.

Erdogan, P., Yildirim, A. and Sever, B. (2012). Investigations on the effects of five different plant extracts on the two-spotted mite Tetranychus
urticae Koch (Arachnida: Tetranychidae). Hindawi Publishing Corporation Psyche, 2012: 1-5.

Feng, R. and Isman, M.B. (1995). Selection for resistance to azadirachtin in the green peach aphid, Myzus persicae. Experiantia, 51: 831-833.

Hassan, M. F., EI-Badawy, S. S., Draz, M. G. and lbrahim, E. S. (2021). New acaricidal activities and chemical compositions of orange oil and
extracts of (wild mint and henna) against Tetranychus urticae Koch (Acari: Tetranychidae). Archives of Phytopathology and Plant
Protection, 54(19-20): 1848-1863.

Helle, W. and Sabelis, M. W. (1985). Spider mites. Their biology, natural enemies and control. World Crop Pests, 1B. Elsevier, Amsterdam,
New York. 458 sf.

Isman, M. B. (2019). Commercial development of plant essential oils and their constituents as active ingredients in bioinsecticides.
Phytochemistry Reviews, 19(2): 235-241.

Isman, M. B. (2006). Botanical insecticides, deterrents, and repellents in modern agriculture and an increasingly regulated world. Annual
Review of Entomology, 51: 45-66.

Jeppson, L. R., Keifer, H.H. and Baker, E.W. (1975). Mites injurious to economic plants. University of California Pres, Berkeley 614 sf.

Karabiiyiik, F. ve Aysan, Y. (2019). Baz1 bitki ekstraktlarinin Pseudomonas syringae pv. tomato’nun neden oldugu domates bakteriyel benek
hastaligina antibakteriyel etkisi. Tekirdag Ziraat Fakiiltesi Dergisi, 16 (2): 231- 243.

Kasap, 1. ve Kok, S. (2019). Bazi bitki ekstraktlarinin iki noktali kirmizi riimcek, Tetranychus urticae Koch iizerine insektisit etkisinin
belirlenmesi. COMU Ziraat Fakiiltesi Dergisi, 2019(1): 137144,

Kim, Y. J., Lee, S. H., Lee, S. W. and Ahn, Y. J. (2004). Fenpyroximate resistance in Tetranychus urticae (Acari: Tetranychidae): cross-
resistance and biochemical resistance mechanisms. Pest Management Science, 60(10): 1001-1006.

Migeon, A. and Dorkeld, F. (2017). Spider Mites Web: A Comprehensive Database for the Tetranychidae. Montpellier: INRA-CBGP.
http://www.montpellier.inra.fr/CBGP/spmweb (Erisim Tarihi: 07.09.2021).

Miresmailli, S. and Isman, M. B. (2006). Efficacy and persistence of rosemary oil as an acaricide against two spotted spider mite (Acari:
Tetranychidae) on greenhouse tomato. Journal of Economic Entomology, 99: 2015-2023.

Motazedian, N., Ravan, S. and Bandani, A. R. (2012). Toxicity and repellency effects of three essential oils against Tetranychus urticae Koch
(Acari: Tetranychidae). Journal of Agricultural Science and Technology, 14(2): 275-284.

Pavela, R. (2013). Efficacy of naphthoquinones as insecticides against the house fly, Musca domestica L. Industrial Crops and Products, 43:
745-750.

Pavela, R. (2016). Acaricidal properties of extracts of some medicinal and culinary plants against Tetranychus urticae Koch. Plant Protection
Science, 52(1): 54-63.

416


https://www.researchgate.net/journal/Journal-of-Agricultural-Science-and-Technology-1680-7073
https://www.sciencedirect.com/journal/industrial-crops-and-products

JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(2)

Reddy, S. G. E. and Dolma, S. K. (2017). Acaricidal activities of essential oils against two spotted spider mite, Tetranychus urticae Koch.
Toxin Reviews, 37(1): 62—-66.

Roh, H. S, Lim, E. G., Kim, J. and Park, C. G. (2011). Acaricidal and oviposition deterring effects of santalol identified in sandalwood oil
against two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae). Journal of Pest Science, 84: 495-501.

Stumpf, N. and Nauen, R. (2001). Cross-resistance, inheritance and biochemistry of mitochondrial electron transport inhibitér-acaricide
resistance in Tetranychus urticae (Acari: Tetranychidae). Journal of Economic Entomololgy, 94(6): 1577-1583.

Stumpf, N. and Nauen, R. (2002). Biochemical markers linked to abamaectin resistance in Tetranychus urticae (Acari: Tetranychidae).
Pesticide Biochemistry and Physiology, 72: 111-121.

Van Leeuwen, T., Vontas, J., Tsagkarakou, A., Dermauw, W. and Tirry, L. (2010). Acaricide resistance mechanisms in the two-spotted spider
mite Tetranychus urticae and other important Acari: a review. Insect Biochemistry and Molecular Biology, 40(8): 563-572.

Van Leeuwen, T. V., Tirry, L. and Nauen, R. (2006). Complete maternal inheritance of bfenazate resistance in Tetranychus urticae Koch
(Acari: Tetranychidae) and its implications in mode of action considerations. Insect Biochemistry and Molecular Biology, 36: 869-877.

Wewetzer, A. (1998). Callus cultures of Azadirachta indica and their potential for the production of azadirachtin. Phytoparasitica, 26(1): 47-
52.

Yorulmaz Salman, S., Saritas, S., Kara, N., Aydinli, F. and Ay, R. (2015). Contact, repellency and ovicidal effects of four lamiaceae plant
essential oils against Tetranychus urticae Koch (Acari: Tetranychidae). Journal of Essential Oil Bearing Plants, 18(4): 857-872.

Yorulmaz Salman, S., Saritas, S., Kara, N. and Ay, R. (2014). Acaricidal and ovicidal effects of sage (Salvia officinalis L.) and rosemary
(Rosmarinus officinalis L.) (Lamiaceae) extracts on Tetranychus urticae Koch (Acari: Tetranychidae). Journal of Agricultural Science,
20: 358-367.

417



. . Mayis/May 2023, 20(2
» Journal of Tekirdag Agricultural Faculty Ba$vurj/ylfecefvye " 23/08/(23
Jo d Tekirdag Ziraat Fakiltesi Dergisi Kabul/Accepted: 16/01/23
DOI: 10.33462/jotaf.1165409

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

ARASTIRMA MAKALESI RESEARCH ARTICLE

Determination of the Factors Affecting the Level of Benefit from Young Farmer Project
Support in Rural Development: Tekirdag Sample, Tiirkiye*

Kirsal Kalkinmada Geng Ciftci Projesi Desteklerinden Yararlanma Diizeyini Etkileyen
Faktorlerin Belirlenmesi: Tekirdag Ornegi, Tiirkiye

Deniz SARI GEDIK!, Emine YILMAZ**
Abstract

Achieving development in the field of agriculture in a country passes through the development of rural areas.
Various plans, programs and policies are being developed for the sustainability of production and solving the
problems of those living in rural areas. In recent years, it has been given importance to support development and
entrepreneurship in agriculture in Tiirkiye in order to solve the existing problems. For this purpose, the Young
Farmer Project was put into effect with the decision of the Council of Ministers in 2016. With this project, it is
aimed to ensure that young farmers stay in the agricultural sector by providing the support they need, and to prevent
migration from rural to urban by encouraging their agricultural production and activities. In this research, the
application process of the farmers who received support between 2016 and 2017 in Tekirdag province with the
Young Farmer Project, how they carried out the project, what kind of difficulties they faced while carrying out,
how they continued it, and where they could carry it was determined. A survey was conducted with 106 young
farmers who received support within the scope of the research. 54% of the young farmers participating in the
research are woman farmers. The fact that male farmers have existing businesses registered on them that they work
in other paid jobs besides farming, positive discrimination against women within the scope of the project has
contributed to the increase in the number of female young farmer applicants and winners. 82.1% of the young
farmers involved in the project also reside in the rural area before the project, and 13.2% live both in the city center
and in the rural areas. The rate of those who started living in rural areas after receiving project support is 4.7%. It
has been determined that young farmers who own livestock enterprises do not have an increase in their income
levels, and they have difficulty in meeting their borrowing and operating input costs. Young people who receive
support within the scope of the Young Farmer Project express the opinion that the project will not encourage
agriculture and animal husbandry. For women farmers, the most important contribution of the project is that they
have owned businesses for the first time, and for male farmers, they have further expanded their existing businesses.
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Oz

Bir iilkede tarimsal anlamda gelismenin saglanmasi kirsal kesimin kalkindirilmasi yolundan ge¢mektedir.
Uretimin siirdiiriilebilirligi ve kirsal alanlarda yasayanlarin sorunlarini ¢dzmek icin cesitli plan, program ve
politikalar gelistirilmektedir. Son yillarda mevcut sorunlarin ¢dziimiine yonelik olarak Tiirkiye’de de tarimda
kalkinmanin ve girisimciligin desteklenmesine 6nem verilmistir. Bu amagla, 2016 yilinda Bakanlar Kurulu Karar1
ile Geng Ciftci Projesi yiirtirliige girmistir. Bu proje ile geng cift¢ilerin ihtiyaglar1 olan desteklerin verilerek tarim
sektoriinde kalmalarinin saglanmasi, tarimsal tiretimlerini ve faaliyetlerini tesvik ederek kirdan kente olan gogiin
onlenmesi amaglanmistir. Bu arastirmada Geng Cift¢i Projesi ile Tekirdag ilinde 2016-2017 yillar1 arasinda
destekleme kazanan giftcilerin projeye basvuru siireci, projeyi nasil yiiriittiikleri, yiiriitiirken ne tiir zorluklarla
kargilagtiklari, nasil devam ettirdikleri ve nereye tasiyabildikleri tespit edilmistir. Arastirma kapsaminda destek
alan 106 geng ¢iftci ile anket ¢aligmast yapilmigtir. Arastirmaya katilan geng ¢iftcilerin %54°{ kadin gift¢ilerden
olusmaktadir. Erkek cift¢ilerin iizerine kayitli mevcut isletmelerinin olusu, ¢ift¢iligin yanin da iicretli bagka islerde
calistyor olmalari, proje kapsaminda kadina pozitif ayrimcilik yapilmasi, kadin geng c¢iftci bagvuran ve kazanan
sayisinin artmasinda etkili olmustur. Proje de yer alan geng ciftcilerin %82.1°1 projeden 6nce de kirsal alanda
ikamet etmekte, %13.2’1 ise hem il ve ilge merkezinde hem de kirsal alanda yasamaktadir. Proje destegi aldiktan
sonra kirsalda yasamaya baslayanlarin oranini ise %4.7 olarak tespit edilmistir. Hayvancilik isletmelerine sahip
geng ciftgilerin gelir diizeylerinde artis olmadigi gibi bor¢lanma ve isletme girdi maliyetlerini karsilamada
zorlandiklar1 belirlenmistir. Geng Ciftgi Projesi kapsaminda destek alan gengler, projenin tarim ve hayvancilik
yapmay1 6zendirmeyecegi goriisiinii bildirmektedirler. Kadin ¢ift¢iler igin projenin en 6nemli katkisi ilk defa kendi
adina isletme sahibi olmalari, erkek ¢iftgiler igin ise var olan igletmelerini daha da biiyiitmiis olmalaridir.

Anahtar Kelimeler: Geng ¢ift¢i projesi, Kirsal kalkinma, Tarimsal destekler, Kirsal alan, Tekirdag.
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1. Introduction

The rapid increase in the world population and the depletion of natural resources have led humanity to use
scarce and limited resources correctly. Using natural resources correctly is possible by increasing their productivity.
The efficiency of human capital is possible with the increase of social and economic welfare. This situation has
led to the necessity to better understand the relationship between rural and urban. The relationship between rural
and urban is equivalent to development. It is not possible for a developed city in the world to be a backward
countryside. That's why various applications have been developed for rural development in the world and Tiirkiye.
For the applications to be successful, the countryside should be analyzed correctly. Realistic models that take into
account social, political, cultural, and sectorial realities should be developed. Different rural development policies
are applied in the world according to their development levels.

Tirkiye also rural development in terms of relevant institutions, especially the Ministry of Agriculture and
Forestry programs and organizations to improve the working and living conditions in rural areas, projects, realizes
investments and subsidies. The IPARD program, which is implemented within the scope of the EU harmonization
process, has special importance among these. 75% of this program budget was covered by the EU and the rest
from the national budget through Agriculture and Rural Development Support Institution (ARDSI) projects. This
includes the LEADER program, which tries to mobilize local action groups, the Ministry's Young Farmer support,
grants from development agencies, and other supports for rural development. All these programs, projects,
investments, and supports are aimed at improving the working and living conditions of those living in rural areas
and thus preparing the ground for returning to the village and rural areas. These works, which require a large,
medium, or small-scale investments, must be well-designed, sustainable, carried out by their purpose, scaled in a
way that will not remain idle, and designed to provide a social benefit (Yavuz and Dilek, 2019).

Tiirkiye also supports the promotion of farmers covered by rural development, entrepreneurship in rural areas
and promote the production, prevention of migration, it is important to support agriculture and animal husbandry.
The population living in rural areas is gradually decreasing. For the rural population, especially the young
population, to continue production where they are, they should be supported. Tiirkiye applied for the first time the
"Young Farmers Project” with the sustainability of the projects supported by the manufacturer, it is possible to
continue to live in rural areas and with the determination of entrepreneurial characteristics.

In 2016, young farmers from the project in Tiirkiye has benefited 11077 women and 3893 men, including a
total of 14970 people support. These 14970 projects; 10500 units were carried out for cattle and ovine breeding,
2030 for beekeeping, 525 for poultry and sericulture, 1915 for fruit growing, greenhouse cultivation, mushroom
cultivation, and medicinal and aromatic plant breeding. As a result of the evaluations, 337 million Turkish Lira
(TL) of this grant was reserved for cattle / ovine breeding projects, 68 million Turkish Lira for beekeeping and
poultry projects, and 45 million Turkish Lira for crop production projects. In 2017, 16067 people were granted
grants within the scope of the Young Farmer Project. In this support, 8375 cattle, 165 buffalo, 2860 small cattle,
1020 livestock facilities, and animal purchase, 1423 beekeeping, 513 poultry breeding facilities, 50 silkworm
breeding facilities, 67 Grant support was provided in the fields of seedling-sapling, ornamental plant production
facility, and 92 medicinal, aromatic and geographically marked products (Anonymous, 2017). In 2018, within the
scope of the Young Farmer Project, 503 million TL was allocated from the budget to support young farmers.

Planned rural development in Tiirkiye began with a five-year development plan in 1963. Regional development
programs, projects and supports have been implemented. The Young Farmer Project within the Scope of Rural
Development Supports entered into force with the Council of Ministers Decision numbered 2016/8540 in the
Official Gazette dated 26.02.2016. In this research, it is aimed to determine the application process of the young
farmers who gained support between 2016-2017 in Tekirdag Province with the "Young Farmer Project", how they
carried out the project, what kind of difficulties they faced while carrying out, how they continued and where they
could carry the project.

2. Materials and Methods
The research was carried out with farmers who received support from the "Young Farmer Project" in Tekirdag

Province between 2016-2017. 142 farmers in 2016 and 151 farmers in 2017 benefited from the support. In the
selection of the interviewed farmers, the number of Young Farmer Projects applied in the research area was taken
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as a basis. Accordingly, cattle breeding, ovine breeding, beekeeping, poultry breeding, and plant production
projects, which received the most grant support, were included in the research. The data were collected through
face-to-face interviews with 106 young farmers who agreed to participate in the survey. Collected data were
evaluated in the SPSS program.

3. Results and Discussion

The Young Farmer Project, which has been put into effect within the scope of rural development supports, has
been considered as a study and support model for the preference of agriculture as a profession among young people
living in rural areas, taking into account the average farmer age of 55 in our country. For this purpose, it is aimed
to have entrepreneurial, strong, reliable, and volunteer young people in the rural areas consciously and educated
at work while participating in the production. The program, which was decided to provide free support of 30,000
TL to Young Farmers in return for the project, was determined to last for three years in 2016-2018. In Tekirdag
Province, grant support was given to 142 farmers in 2016 and 151 farmers in 2017. The socio-demographic
characteristics of 106 young farmers participating in the study are given in Table 1.

Table 1. Socio-demographic characteristics of the producers within the scope of the research

Number of people Rate %
Gender
Woman 58 54.7
Male 48 45.3
Age range
19-25 9 8.5
26-33 48 45.3
34-40 49 46.2
Marital status
The married 82 77.4
Single 24 22.6
Education status
Primary school 37 34.9
Middle School 32 30.2
High school 24 22.6
College 7 6.6
Bachelor Science 6 5.7

When the distribution of young farmers participating in the study by gender is examined, 54.7% are female
and 45.3% are male farmers. In the evaluation of the applications, the fact that male farmers have existing
businesses registered on them, they work in other paid jobs besides farming, positive discrimination against women
within the scope of the project has been effective in the increase of the number of female young farmer applicants
and winners. The participation of women farmers in agricultural production as business owners is important in
contributing to the employment of young women. Therefore, the project, it is aimed to provide a balance between
women and men in rural areas by supporting women entrepreneurs more and making positive discrimination, and
benefiting from grant support more.

In this project, it is stated that young farmers are between the ages of 19-40. 46.2% of the young farmers
participating in the research are between the ages of 34-40, 45.3% of them are between the ages of 26-33. The
project aims to encourage farming, and there are 8.5% of young farmers between the ages of 19-25. Young people
between the ages of 19-25 continue their university education. Participation in the project was limited due to the
low rate of young population between the ages of 19-25 living in the villages and their continuing education. The
tendency of rural youth to continue farming as a profession is gradually decreasing. Alkan and Ozkan (2020), who
conducted research in enterprises implementing young farmer projects, determined that 86.7% of the young
farmers from whom data were obtained were primary and secondary school graduates, and Yerebakan (2017)
determined that 76.7% of them were primary school graduates. The educational status of the young people
participating in our study was determined to be higher than other researchers.
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In the study conducted by Dogan et al. (2018), 79% of those who benefited from young farmer support, 80%
in the study of Kan et al. (2018) were women. In 2016, young farmers from the project in Tiirkiye has benefited
11077 women and 3893 men, including a total of 14970 people support. Tirkiye is 73.99% of the women who
benefit from support in 2016. It is known that in the young farmer grant support program, it is known that women
farmers are encouraged to include women entrepreneurs in business life by making positive discrimination and
additional points are given (Anonymous, 2016). This practice seems to be reflected in the results as well. The
values we determined were determined by Dogan et al. (2018) and Kan et al. (2018) was determined to be lower
than the values determined by.

The labor force participation rate of women in the agricultural sector in Tiirkiye (34.9%) is well below the
European Union average. This situation is poor utilization of the potential female workforce in Tiirkiye; shows an
idle workforce capacity. Although women take an active role in agricultural production in Tiirkiye it is the unpaid
family workers (Yilmaz and Ozdemir, 2012; Ozdemir et al. 2017a).

77.4% of young farmers are married. Married ones were given a plus five points in the evaluation criteria for
applications. 34.9% of the young farmers participating in the study are primary school and 30.2% secondary school,
22% high school, 6.6% college, and 5.7% graduates. As the education level increases, the rate of sustainable
agriculture and livestock activities decreases. It has been determined that those who have a bachelor's degree are
graduates of agricultural faculties and have village backgrounds. The education level of women farmers is lower
than that of men. 43.1% of the female farmers are primary school graduates and no woman has a college degree.
It was determined that the elders of the family lived in the same house with their sons or another house opening to
the same garden.

82.1%
13.2%
4.7%
| was living in the countryside | live in both a village and a city When the project started | started
before the project started depending on the season to reside in the rural area

Figure 1. Residence status of young farmers

82.1% of the young farmers within the scope of the research reside in rural areas before the project, 13.2% of
them live both in the city center and in the rural areas. When the project started, the proportion of those living in
rural areas was determined as 4.7% (Figure 1). The limited opportunities, especially in rural areas, make it
compulsory to live in provincial and district centers for the education of their children. It was observed that only
those residing in rural areas bought a house in the city and district center and continued their education with the
help of their family elders. It is seen that the target of attracting young people and providing employment to the
rural areas targeted in the project has not been achieved. The young farmer project is seen as an attractive project
for those who live in rural areas and own agricultural property. It has been observed that those who do not have
agricultural experience or ties to rural areas have more difficulty in sustaining the young farmer project.

Here, especially with the young farmer project, it is necessary to carry out more comprehensive studies to
ensure that young people stay in agriculture and sustainability. When the developments on the subject in the world
are examined, it is seen that participation, environmental sustainability, and organization are important. Tiirkiye is
also needs to be addressed as a whole of a moment ago to rural development. Thus, we can prevent rural poverty
and migration from rural to urban (Y1lmaz et al., 2019).

Figure 2 shows where the supporting areas first heard about the Young Farmer Project. Producers in the Young
Farmer Project stated that 27.4% heard the project from the Provincial and District Directorates of Agriculture and
Forestry, and 3.8% from the neighborhood headman. The number of people who are aware of social media, the
internet, and TV shows that these sources take their place as an important communication network in rural areas.
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This shows that the farmers use different communication sources and are aware of where to get information.
Extension activities carried out by the Ministry of Agriculture and Forestry also maintain their importance.
Extension activities aimed at raising the awareness of farmers are extremely important. Before the rural
development projects start to be implemented, it is important to provide the farmers who have the qualifications
to apply for support and to eliminate the lack of training.

Reeve M 3.8%
Social media [ 6.6%
TV I 11.3%
The internet I 10.3%
Provincial / District Directorate staff [N 7.4%
Other NN 31.1%

Figure 2. Young farmers' awareness of the project

92.5% of the young farmers participating in the research stated that they did not have any difficulties during
the application process, and 7.6% stated that they had difficulties in applying. Those who did not experience any
difficulties in the application process reported that they received assistance from the staff of the Agriculture and
Forestry District Directorate regarding the project (Table 2).

Table 2. Situation of young farmers receiving assistance in the application

Getting help with the application ~ Number of people Rate %
Provincial / District Directorate staff 57 53.8
Wife/husband 27 25.5
Neighbor- relative 2 1.9
Reeve 4 3.8
Other 16 15.0

In Table 2, it is seen from whom young farmers get help in their application to the project. While applying for
the project, 53.8% of the young farmers stated that they received help from the district directorate personnel to
which they applied. They reported that the young farmers who participated in our survey received information and
support from the relevant personnel on how to make a lease agreement, from which institution to obtain documents,
how and where to obtain the equipment, and the suitability of the business locations.

Table 3. Education status of young farmers regarding their projects

Education status of young farmers regarding their projects Number of people  Rate %
Did not receive any education 29 27.3
I received training 34 321
| attended the training after the project started 43 40.6

The education status of young farmers related to the project subjects is included in Table 3. 32.1% of those
who run the "Young Farmer Project” consist of producers who received training before applying to the "Young
Farmer Project”. Five points are awarded to those who receive training in the project application. Young farmers
are required to receive training within the scope of the project. Uneducated persons must complete the education
certificate within two years. To meet the training needs, necessary trainings are carried out in cooperation with the
Provincial and District Directorates of Agriculture and Forestry and Public Education Center. The rate of young
farmers who received training after the project started is 40.6%.
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39.7%
33.3%
29.2%
24.1%
8.6% 6.3%
5.2% 6.9% ’ 4.2% ’
0 1.7%
| was My family Toincrease my Becauseitisa Togrow my To contribute to Other
unemployed encouraged income job I know business my family's
income

Woman Male

Figure 3. The purpose of applying for the project by young farmers by gender

Figure 3 shows the application purpose of young farmers, male and female, to the project. Female farmers
stated that they applied to the Young Farmer Project to contribute to the family and male farmers to expand their
existing businesses. Even if a woman works in an income-generating job in rural areas, she either gives the income
she earns to her husband or spends it for the needs of the family (Y1lmaz et al., 2019).

When the preliminary preparation status of the projects applied by young farmers is examined, we see that 34%
of the farmers do not make any preparations, 56.6% make preparations, and 8.4% complete their deficiencies while
the project continues. Farmers who do not prepare are farmers who already own a business. Those who applied to
livestock projects made preparations on the supply, location and repair of barns, mushroom farmers in terms of
breeding, and marketing, and beekeeping enterprises on the ground, tools and equipment.

When the young farmers within the scope of the research were asked about their status of knowing the content
of the project contract, 80.2% of the farmers stated that they knew the obligations they had to fulfill while signing
the contract, 16% knew partly, and 3.8% did not know the content. In a study conducted in Antalya on the subject,
49.6% of the farmers stated that they knew the contractual obligation partially, 18.9% fully, while 31.5% stated
that they did not know at all. This study shows that 1/3 of the farmers do not have information about their
contractual obligations (Alkan and Ozkan, 2020). The values we have determined are higher than the values found
by Alkan and Ozkan (2020). The fact that the personnel in the provincial and district directorate of Agriculture
helped the project owners and provided the necessary information played a role in the high rate of this issue.

72.6% of young farmers stated that they did not have difficulty while fulfilling their contractual obligations,
8.5% of them had difficulties, and 18.9% of them partially. The most difficult issue arises from the necessity of
buying animals instead of animals in case of dying of animals in livestock enterprises and slaughtering in case of
necessity. 69.8% of the producers participating in the survey stated that there was no increase in their income level
with the "Young Farmer Project"”, and 30.2% of them stated that their income increased. In the projects, cattle
breeding enterprises stated that they had difficulties in covering the costs of feeding, maintenance, artificial
insemination, and veterinary services. Livestock project owners stated that they had difficulties in meeting the
operating expenses due to the small size of the animals, the income-generating position, and the long feeding
period until calving. It has been observed that young farmers who do not have different agricultural incomes and
their livestock enterprises have more difficulty in this sense.

In the research conducted by Altintas et al. (2020), 65.83% of the producers who benefited from the support
stated that they started production in this way, 87.50% stated that they increased their current production, 9.17%
maintained their current production, 5% said that they solved their financial difficulties even though they did not
contribute to agricultural production. (Altintas et al., 2020). Many sources, such as the Farm Services Agency in
the United States and the Young Farmer Survey in the European Union, report that it is difficult for young
entrepreneurs to access finance, credit and land (NYFC, 2017). These findings also show parallelism with the data
obtained from the businesses included in the research. Young farmers reported the fastest turnaround in vegetable
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growing and beekeeping businesses in the controlled greenhouse facility. It was observed that those who received
support in fruit growing were technical and lacking in practical training.

Table 4. Status of young farmer project's encouragement to agriculture

Young people's admiration for agriculture Number of Rate %
people

“Young Farmer Project” encourages agriculture for young people 45 42.5

"Young Farmer Project" does not encourage young people to agriculture 44 41.5

"Young Farmer Project" encourages young people to partly agriculture 17 16

41.5% of the producers participating in the research stated that the "Young Farmer Project" would not
encourage young people to do agriculture and animal husbandry (Table 4). They reported that the Young Farmer
Project could be an attractive project for young people residing in the countryside, owning agricultural business
and property, and having experience in agriculture and animal husbandry. In a study conducted by Yerebakan
(2017), it was stated that 76.4% of the sheep farms have their own lands; In another study conducted by Ozsayin
and Everest (2018), 44.8% of the enterprises own more than 25 da of land, 39.2% of them have less than 25 da of
land, and 16% own land. It was reported that there was no property and the amount of owned land was 33.2 da on
average. This situation causes an increase in operating costs and negatively affects the financial strength of the
enterprise. The high operating costs and the problems they encountered in marketing made it difficult for young
farmers to continue their activities. In another study, it was observed that although the profitability of the young
farmers who received support within the scope of the project was low, the spouses and other family members
working as "paid workers in their own businesses" worked as a collective family company (Satar and Sakarya,
2021).

In the study conducted by Unakitan and Basaran (2018), 67.20% of the young farmers stated that the project
had an encouraging contribution to agricultural production, and 82.80% could not reach the income level they
expected as a result of the project. Although the young farmer project is the right approach for the employment of
young people in the agricultural sector, it does not fully meet the grant expectations given in today's market
conditions.

Table 5. Effecting the young farmer project's return to rural neighborhoods

Number of Rate %
Affecting return to rural neighborhoods people
Affects returning to rural neighborhoods 18 17.0
Does not affect return to rural neighborhoods 74 69.8
Returning to rural neighborhoods slightly affects 14 13.2

69.8% of the producers participating in the survey think that the "Young Farmer Project” will not make
returning to the village attractive (Table 5). Young farmers stated that it would not be possible to establish a
businesses from scratch and make a living with six cattle and forty ovine animals given to them within the scope
of the project. They stated that projects should be developed and their production and marketing should be
supported to prevent migration from the village to the city and to sustain the production. According to the research
conducted with young farmers in Yalova, it has been reported that 91.9% of the participants declared that they will
continue the production, which is the subject of the project, even after the control and inspection period is over
(Guder, 2019). In the study conducted in Isparta Province, it was reported that 67.27% of young farmers declared
that they would continue farming in the future (Bagaranoglu, 2019).

Figure 4 shows the most important contribution of the "Young Farmer Project" to young farmers. For women
farmers, the most important contribution (52.6%) of the project is that they own a business for the first time. The
most important contribution (41.7%) for male farmers is the growth of their existing businesses. The project
contributed more to women than men to increase their self-confidence (19.3%) and enlarge their goals (5.3%).

Figure 5 includes the goals of young farmers related to their projects. It is observed that female farmers (72.4%)
are more determined to grow their businesses than male farmers. Male farmers stated that the small and bovine
animals given within the scope of the project reduced the operating efficiency, therefore they wanted to continue
their business with new animals by disposing of the animals. The young farmers who received support reported
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that those who did not have a livestock business and did not plant forage crops had difficulty in meeting the
operating expenses and that the project was not possible to carry out, which negatively affected the success of the
project. Women are much more involved in post-harvest or animal production activities than men. Women are
more involved in agricultural activities when the family has a low level of mechanization (Y1lmaz et al., 2019). It
is understood that women mostly work in planting, planting and hoeing in the field of crop production. Considering
their participation in activities related to animal production, it has been determined that women do jobs such as
animal feeding, milking, irrigation, barn-barn cleaning. In rural areas, it is seen that women take part in every stage
of agricultural production (Ozdemir et al., 2017b). In a study conducted with 115 female young farmers in
Kahramanmarag, 80% of the entrepreneurs reported that their perspective in the society was more positive and
they were respected thanks to the project (Celik, 2018).

52.6%
41.7%
29.2%

9 20.8%

17.5% 19.3% ()
5.3% 6.3%

1.8% °2.1% 3.5%
My business has It was the first time My income My goals have My self confidence Other

grown I had a business in increased grown increased

my own name

Woman Male

Figure 4. Contribution of the young farmer project to young farmers by gender

72.4%
47.9%
25.0%
16.7%
12.1% 9
. 6.3% 10.3%
3.4% 4.2% 1.7%
Continue the project Growing my business Finding and selling my To be able to market Other
products in new my products by
markets processing

Woman Male

Figure 5. Targets of young farmers regarding their projects
4.Conclusions

Various programs for rural development in the world and Tiirkiye, projects, policies are developed and
implemented. After each program, deficiencies are identified, changes are made, new goals and development levels
are determined.

Projects that will attract the attention of young people between the ages of 19-25 should be developed in
preventing migration from the village to the city. Farming should become a professional profession to sustain
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agriculture and animal husbandry efficiently. In the supports, people who have a diploma in agriculture from
village origin should be given plus points, considering that they can contribute to agricultural employment.
Unemployment increased gradually as new jobs should be created in rural Tiirkiye. Rural development programs
should aim to provide the standards in which rural people can sustain their lives in their places.

The young farmer project is an attractive project for farmers who own agricultural property and have
knowledge and experience in agriculture. Those who do not have ties with the rural areas and experience in
agriculture cannot continue the project efficiently and the support ceases to be sustainable. The high operating
expenses and the low income of the products in marketing make it difficult to sustain agricultural activities. It has
been determined that young farmers who only have livestock businesses that do not make crop production have
more difficulty in meeting their operating costs compared to young farmers engaged in both crop and animal
production. Young farmers who do not have their livestock enterprises and different agricultural incomes have
more difficulty in running the project. The fastest financial return has been in vegetable growing and beekeeping
enterprises in the controlled greenhouse facility.

In livestock projects, fewer more qualified animals should be given. Giving the animals too small and not
giving qualified animals extended the maintenance and feeding period of the farmers and increased the operating
costs. Transition to production has been extended. Farmers' income did not increase, and their income decreased
due to borrowing due to long-term maintenance and feed expenses.

Before the implementation of Rural Development Projects, sufficient information should be given to the
personnel working in the field. Technical support should be provided regarding the application areas, and the
experience and knowledge deficiencies of the farmers, if any, should be eliminated. In case of need, inter-
institutional cooperation should be provided, relevant institutions, and other supports should be introduced.

Positive discrimination against women farmers is effective in women's participation in production. The
Ministry of Agriculture and Forestry needs to support more young women entrepreneurs by increasing the amount
of support.

In the sustainability of projects, input supply, appropriate repayment loans, and marketing opportunities should
be provided. Accelerating the possible return to rural with policies focusing on the improvement of working and
living conditions in the countryside will both reduce the overpopulation density in the city and prevent the
evacuation of the countryside and lead to economic, social and cultural vitality in the countryside.

One of the factors affecting the success of the project is the necessity of establishing the enterprise in the year
the project is signed, and the forced agricultural enterprises to be established in the unsuitable season. Especially
in beekeeping enterprises, serious bee losses were experienced because the project start date was started on the
wrong date of the bees' wintering period in 2016. This was not the case for those who qualified in 2017.

Young farmers, who had difficulties in growing their businesses and meeting operating costs, had trouble using
loans. They reported that especially in livestock enterprises there is a need for feed support and loan with favorable
payments. Giving the necessary credit support to the enterprises for the solution of this problem in terms of
production can provide positive contributions.

They reported that one of the most important problems was the high fuel and feed prices in livestock farms and
the fact that the sales of milk and juvenile animals did not meet the production costs.

Training and extension activities of farmers and personnel should be carried out before the projects in rural
development studies begin. The problems encountered by farmers while carrying out their projects and lack of
information should be identified and addressed on time.

Especially, it is necessary to create grounds where young people, who have received agriculture education, can
exist in rural areas, set an example, and are a family business that they took over from their family, where they can
develop their business ideas. It is necessary to bring together the increasingly educated unemployment and
agricultural production that turns into an idle state.

Also, such projects to be implemented in rural areas should consider the rural area as a whole and be
implemented with comprehensive thought. For example, young farmers migrate to the city especially for the
education of their children. In this context, projects that will prevent the migration of young people should be
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implemented by improving access to education in rural areas. It is important to have social security opportunities
for young farmers to stay in rural areas. Therefore, it would be appropriate to provide premium support for young
farmers in voluntary agricultural insurance premiums.

Our present study had some limitations. Firstly limitation was sample selection. Because the focus is on young
farmers in Tekirdag province, it is located in the northwestern part of Tiirkiye and in the European continent. The
literature on this subject is limited. However, this study is important in terms of laying the groundwork for future
studies. It can also guide the state support to be made. The second limitation is the method used in data collection.
A face-to-face survey method was used in this study. This method is considered to be more reliable than an online
or internet survey, since face-to-face survey researchers can evaluate whether the respondents are reliable or not,
and can explain questions that are misunderstood in the surveys.
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Abstract

Erosion and sediment in a basin can be estimated by calculating and forecasting using various methods. This
study aims to assess erosion and sedimentation in the Krueng Jreu sub-basin in the province of Aceh, Indonesia,
using the Gavrilovi¢ method. This research was carried out by analyzing secondary data for the last ten years,
from 2012 to 2021. Data include geology, slope, land use, and river channel networks. The observed parameters
include the coefficient of intensity of erosion, temperature coefficient, and sedimentation coefficient, which are
used to analyze the erosion volume, spatial sediment rate, and total sediment rate in the Krueng Jreu sub-basin
area. The results of calculations using the Gavrilovi¢ method show that four main parameters of the biophysical
characteristics of the sub-basin, including (1) sensitivity of soil and local geological conditions to erosion, (2)
land use, (3) erosion type, and (4) slope of land, have been shown to affect the occurrence of erosion and annual
sediment rates. Geological conditions and land use provide a high level of sensitivity to the results of the
coefficient of intensity of erosion. Temperature and rainfall are directly proportional to the annual erosion
volume and the spatial sediment rate. The lowest yearly erosion volume and spatial sediment rate in 2019 were
64965.41 m3km2year?! and 58206.18 m3km2year!. Meanwhile, the highest annual erosion volume and spatial
sediment rate will occur in 2021, 101500.71 m®km2year? and 90940.21 m®m-2year. Fluctuations in the annual
volume of erosion are caused by rainfall, affecting the spatial sediment rate and the total sediment rate.
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1. Introduction

A basin is an ecosystem unit that interacts with living things and their environment. This is inseparable from
the biophysical uniformity it has. The characteristics of the basin consist of morphology and morphometry. The
morphological characteristics of the basin consist of geology, geomorphology, topography, and basin area. At
the same time, basin morphometry consists of area and circumference, shape, length and width, river order, slope
(river gradient), and river density, which influence each other (Kironoto et al., 2021).

Biophysical characteristics will influence the response to rainfall that falls in the basin. This response affects
the magnitude or small value of characteristic hydrological parameters, such as evapotranspiration, infiltration,
surface runoff, and soil water content. These parameters must be considered when estimating surface runoff,
erosion, and sedimentation rates to provide a balance to the basin system (Lihawa, 2017; Sattari et al., 2020).

According to environmental services program data in 2006, several problems occurred in the Krueng Aceh
sub-basin, one of which was in the Krueng Jreu sub-basin area, namely illegal logging, forest burning, land
conversion, and over-exploitation at several points on the upstream side of the river. This will affect the
characteristics of the sub-basin so that it will impact the soil's ability to absorb rainwater. If the intensity of the
rain is high with the use of non-forest land and the steep slope, it will cause the surface runoff rate to be
significant so that the soil will be eroded and transported along with the water, which is called erosion
(McDonald et al., 2002; Meliho et al., 2019; Terranova et al., 2009). Erosion can cause nutrients to be lost in the
soil. Deposits that occur continuously can cause silting at the bottom of the reservoir. Furthermore, there is a
sedimentation process and there will be sedimentation or deposition in lower areas, such as rivers or reservoirs.
Following these conditions, it is necessary to conduct research to estimate the annual erosion and sediment that
occur.

Erosion in a basin can be estimated using calculations and estimates of erosion. This can be done directly
using various methods; generally, several methods have been used, namely the USLE (Universal Soil Loss
Equation), MUSLE (Modified Universal Soil Loss Equation), geographic information systems and sediment
routing methods, and RUSLE (Revised Universal Soil Loss Equation) methods (Devianti et al., 2021; Ikhsan et
al., 2021; Muntazar et al., 2021; Sari, 2022). These methods have differences in estimating the erosion that
occurs. The USLE method estimates the erosion that appears at the kinetic energy of the intensity of the rain for
30 minutes (EI30), and it is said that the erosion has occurred after 30 minutes (Kinnell, 2017; Marques et al.,
2007). The MUSLE method estimates erosion using surface runoff parameters that occur with runoff or peak
discharge. At the same time, RUSLE estimates erosion by predicting the annual average soil loss over a long
period caused by surface runoff (Hanafi and Pamungkas, 2021).

Several approaches for assessing sediment production and erosion intensity have been developed in recent
decades. The approach sensitivity and uncertainty evaluations are now being used more frequently to reduce
mistakes resulting from the model idea and its key assumptions to improve model performance. An empirical is
the Gavrilovi model (erosion potential model) designed to measure gross erosion, assess erosion coefficients,
and estimate yearly sediment yield. This semi-quantitative approach was developed through an experimental
study on a Serbian station, while it has also been used in Switzerland and Italy (Auddino et al., 2015). It is
known that this model can perform better than others. Unfortunately, this has not been proven for tropical areas
such as Indonesia, especially in the province of Aceh.

Other methods can be used to estimate erosion and sediment using the erosion potential method or the
Gavrilovi¢ method. This method calculates the level of erosion and annual sediment yields that occur in a basin
area by considering the characteristics of the basin, such as geology, geomorphology, topography, climate, and
land use, without evaluating the soil erodibility factor (Ali et al., 2016; Dalaris et al., 2013; Dragievi¢ et al.,
2018; El Badaoui et al., 2021). This erosion estimation method is often used in basin areas with a sub-tropical
climate. However, it has also been carried out under tropical climate conditions followed by the influence of
rainfall to provide information to determine erosion and sediment control measures in the Krueng Jreu sub-basin
area. Therefore, this paper aims to estimate the erosion and sediment in the Krueng Jreu sub-basin using the
erosion potential method or Gavrilovi¢ method.
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2. Materials and Methods

2.1. Research location and data collection

This research was carried out in the Krueng Jreu sub-basin, Indrapuri sub-district, Aceh Besar district, Aceh
province, Indonesia. The data collected related to this research was obtained from the Indrapuri Meteorological,
Climatology and Geophysics Agency and the maps were obtained from the Krueng Aceh Basin Management
Center. The data collected are for the last 10 years from 2012 to 2021.The administrative location of the Krueng

Jreu sub-basin can be seen in Figure 1.
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Figure 1. Research site map

2.2. Data analysis

The coefficient of erosion intensity (Z) is obtained by calculating parameters such as the coefficient of
sensitivity of geological conditions and soil to erosion (Y), the coefficient of land use (Xa), the coefficient of
erosion in facies or sampling units (@), and the average slope of the basin (I). Therefore, it can be calculated
using Equation 1. The average slope of the basin can be calculated using Equation 2. Ez, E;, and L are the
highest, lowest elevation and river length (km). The coefficient of sensitivity of geological conditions and soil to
erosion (), the coefficient of land use (Xa), and the coefficient of erosion in facies or sampling units (®),
respectively, were obtained from the research results Ali et al. (2016); Amiri (2010); Sakuno et al. (2020). After
obtaining the erosion intensity value, the next step is to classify the erosion intensity according to

Table 1 (Dunkerley, 2019; Toure et al., 2011).
z :Y-Xa-(¢+J|’)

|:E27E1
L

(Eq.2).

(Eq.2).
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Table 1. Erosion intensity coefficient

Z-Value Erosion Intensity
<0.20 Very low
0.20-0.40 Low
0.40-0.70 Currently
0.70-1.00 High
>1.00 Very high

The annual volume of erosion that occurs in the basin area is determined by the annual rainfall (H), the
coefficient of erosion intensity (Z), and the temperature coefficient (T). The annual erosion volume (WSP) can
be calculated using Equation 3. The temperature coefficient (T) can be calculated using Equation 4, considering
the yearly temperature in °C (t).

WSP=7.T-H-Z' (Eq.3).

T= Lol (Eq-4).
10

The spatial sediment rate (GSP) is obtained by multiplying the annual erosion volume (WSP) by the
sedimentation coefficient. The spatial sediment rate (GSP) can be calculated using Equation 5 considering the
sedimentation coefficient (Ru) obtained using Equation 6. The sedimentation coefficient (Ru) is calculated based
on the circumference of the basin in km (P), the length of the main river in km (L), and the elevation difference.
The highest and lowest elevations of thebasin (D). Furthermore, the total sediment rate (GS) can be calculated by
multiplying the results of the spatial sediment rate (GSP) by the area of the basin in km? (F) using Equation 7.

GSP =WSP-Ru (Eq.5).

Ru_4VP-D (Eq.6).
L+10

GS =GSP-F (Eq.7).

3. Results and Discussion
3.1. Description of the Krueng Jreu Sub-basinArea

Administratively, the Krueng Jreu sub-basin is part of the Krueng Aceh basin area, which is located in
Indrapuri District, Aceh Besar District. Geographically, the Krueng Jreu sub-basin is located at coordinates
between 5°12'39.8” to 5°25'18.6” North Latitude and 95°20'27.1” to 95°30'42.46” East Longitude. The Krueng
Jreu sub-basin has an area of 232.66 km?, with the main river being 24.80 km long.

3.2Distribution of Rainfall and Temperature Coefficient at the Study Site

The distribution of the rainfall and the temperature coefficient at the study site in the last ten years is
presented in Figure 2. Rainfall data and temperature coefficient (T) are used to analyze the annual erosion
volume in the Krueng Jreu sub-basin. Figure 2 shows that the annual rainfall in the Krueng Jreu sub-basin is
categorized as being in very low to high conditions and, for ten years, has very diverse values, with the highest
annual rainfall occurring in 2021, which is 2274.4 mm/year. Meanwhile, the lowest rainfall occurred in 2019 at
around 1450.5 mm/year. The level of rainfall will affect the amount of annual erosion and the rate of sediment
that occurs.

3.3 Erosion Parameters

The geological conditions in the Krueng Jreu sub-basin have several types: tangla formation, young alluvium,
idi formation, Ihoong formation, raba limestone formation, reef members, Indrapuri complex, meucampli
formation, and seulimeum formation. The percentage of geology in the Krueng Jreu sub-basin in succession
from large to small, namely the formation of raba limestone with the name clay-limestone, silica, is 26.40%. The
reef members with the name limestone, as in reefs, are 23.11%. Meucampli formation with the name micaan
sandstone, conglomerate of various materials, conglomerate sandstone, siltstone, limestone by 21.28%. Indrapuri
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complex, serpentinite tectonic melange, ultramafic serpentinite, igneous, and undifferentiated sediment of
8.77%. Lhoongformation with the name of a volcano, a small sandstone, and siltstone, mafic volcanic, is 7.67%.
The appearance of theseulimeumwith calcareous andtuffaceous sandstone, conglomerate, and mudstone is 5.22%
lower. The idi formation with the name Sand and gravel is 3.87%. The young alluvium with the name gravel,
sand, and mud is 3.48%. Tangla formation of volcanic origin, sandstone, gravel conglomerate, and 0.20% quartz
arenite.
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Figure 2. Distribution of rainfall and temperature coefficient on-site

The value of the Y coefficient for geological factors shows that geology sensitive to erosion is worth 1,
namely tangla formation, young alluvium, idi formation, seulimeum formation and Ihoong formation by 20.44%.
Meanwhile, the less sensitive value is 0.1, namely, the Indrapuri formation of 8.77%. Each type of geology has a
different value of the Y coefficient to show the level of sensitivity of geological conditions and soil to erosion.
The higher the Y value, the more sensitive it will be to erosion. According to Lihawa (2017),the potential for
erosion movement depends on the condition of the soil and geological conditionscomponents, including geology
as the leading cause of movement. The weathering process in geological conditions is influenced by high or low
rainfall and causes geological conditions strength to weaken and soil to thicken. Geological factors such as
tectonic and volcanic activity trigger soil movements such as erosion.

Based on the 2019 Krueng land use map, the Krueng Jreu sub-basin area is classified into protected and
cultivated areas. Protected areas include primary dryland forests, secondary dryland forest, and water bodies.
Meanwhile, the cultivation area includes settlements, dry land agriculture, mixed dry land agriculture, savanna,
rice fields, shrubs, and open land. The Krueng Jreu sub-basin area is dominated by regions protected with
64.33%, including primary dryland forest, secondary dryland forest, and water bodies. Protected areas have the
most significant percentage value of 57.87%, including primary dryland forests, and the smallest at 0.17%,
namely water bodies. Meanwhile, the cultivation area has a percentage of 35.67%, including settlements, dry
land agriculture, mixed dry land agriculture, savanna, rice fields, shrubs, and open land. The cultivation area has
the most significant percentage of savanna at 18.79%, and the smallest is a settlement at 0.58%. Based on the
classification of the land use coefficient (Xa), the Xa value for open land is 1, settlements and rice fields is 0.9,
dry land agriculture and mixed dry land agriculture is 0.8, the savanna is 0.7, rice fields are 0.6, primary land
agriculture and secondary land agriculture is 0.4.

The slope class in the Krueng Jreu sub-basin is divided into five categories, ranging from flat to very steep.
The slope of the Krueng Jreu sub-basin varies from the slope to the slope, with the widest percentage of 35.67%
being on a slope of 16% - 25% with a rather steep condition category. The narrowest rate, which is 3.14%, is in
steep conditions with a slope of 26% - 40%. Slopes less than 8% are usually used for the development of
agricultural, urban, and cultivation in a short time. According to Devianti (2016), a slope of land of 8% to 15%
should be used to cultivate annual crops and plantations. Areas with a slope of 16% to 25% are part of primary
dryland forests with forest plantations. Additionally, the slope of 26% to 40% with a steep category is usually
used for crops with agroforestry systems. Finally, land slopes greater than 40% with very steep conditions should
be planted with perennials to protect plants.
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The evaluation of the slope of the land using the Gavrilovi¢ method considers the average slope of the basin,
which is 0.028%. This is influenced by the morphological parameters of the sub-basin, such as the highest
elevation, the lowest elevation, and the length of the river. So different slope levels on land or basin have no
effect because the slope used is the average slope in the basin.

The Krueng Jreu sub-basin area with erosion in the form of landscapes and land with little erosion is 90.71%.
Furthermore, a50% cover area of the quarter covered by surface erosion is 8.72%. Additionally, the span with
the cover having surface erosion without severe erosion is 0.06%. The last is the form of erosion, with an area
covered by 80% by groove erosion, 0.51%. The values of the erosion coefficient also vary from 1 to 0.9.

3.4 Erosion of the Krueng Jreu sub-basin

The coefficient of erosion intensity is essential to calculate the annual erosion volume. The calculation of the
coefficient of erosion is carried out using several parameters such as the coefficient of sensitivity of geological
conditions and soil to erosion, the coefficient of land use, the coefficient of erosion form, and the average slope
of the sub-basin (Kouli et al., 2009; Solaimani et al., 2009; Sun et al., 2014). Additionally, the geometry of the
krueng jreu sub-basin includes the highest elevation, the lowest elevation, the elevation difference, the length of
the main river, the circumference of the sub-basin and the area of the sub-basin are 0.706 km, 0.021 km, 0.685
km, 24.80 km, 88.70 km and 232.66 km, respectively. The average slope of the Krueng-Jreu sub-basin is
0.028%. Table 2 shows the intensity coefficient of erosion for various land uses. The highest coefficient of
erosion is the use of open land of 4.38 or 2.98% of the total, and the lowest is the use of residential land, which is
0.91 or 0.58% of the total.

Table 2. Classification of erosion intensity values

Land Use Z-value Area(km?) Percentage (%)

Primary dryland forest 1.66 134.64 57.87
Secondary dryland forest 1.08 14.64 6.29

Settlement 0.91 1.35 0.58
Dryland farming 0.60 5.77 2.48
Mixed dry land farming 0.77 5.72 2.46
savanna 3.37 43.72 18.79
Ricefield 0.72 3.79 1.63
Shrubs 2.73 15.72 6.76
Open Ground 4.38 6.94 2.98
Total 232.66 100

The annual erosion volume calculates the amount of erosion in the Krueng Jreu sub-basin annually. The
yearly volume oferosion is calculated using the temperature coefficient, the annual rainfall, and the erosion
intensity coefficient. The volume of erosion in various land uses presented in Figure 3. During the 10 years, the
land use that experienced the most significant changes occurred on open land by up to 36.69%, savanna by
21.02% and shrubs by 15.93%. Meanwhile, land use such as primary dry land forest, secondary dry land forest,
settlements, dry land agriculture, mixed dry land agriculture, and rice fields provide a relatively stable erosion
volume of 26.37%.

Different uses of land influence the amount of erosion volume each year. The highest average volume of
erosion in 10 years appeared in the use of open land of 30832.99 mPkm=2year?, or 36.69% of the total.
Furthermore, the use of land as a savanna will contribute to an average volume of erosion of 17661.02 mkm-
2year?, or 21.02% of the total. The use of shrubs will contribute to an average erosion volume of 13384.07
m3km-2year? or 15.93% of the total. The lowest average volume of erosion occurred in dryland agricultural land
use of 2914.52 m3km2year?, or 3.47% of the total. This is influenced by land cover or vegetation on land use.
The open land with the highest erosion volume indicates that this land use is not covered by plants that can
withstand the erosion rate.
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Figure 3. Erosion volume on land use

The total annual erosion volume is presented in Figure 4. The lowest total annual erosion volume occurred in
2019, which was 64956.41 m3*km-2year™. The highest total erosion volume appeared in 2021, 101500.71 m3km-
2year?. The average volume of erosion that occurred for ten years from 2012 to 2021 in the Krueng Jreu sub-
basin is 84038.14 m®km-2year?. Rainfall parameters significantly affect the appearance of annual erosion
volume. The volume of erosion will decrease or increase after low or high rainfall.
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Figure 4. Annual erosion volume of Krueng Jreu sub-basin

This shows that temperature and rainfall influence the volume of erosion, but the level of sensitivity of
rainfall is higher than that of temperature. Therefore, temperature and rainfall are directly proportional to the
volume of annual erosion. The value of the coefficient of erosion will change when there is rain, resulting in an
annual erosion volume. The annual volume of erosion will influence the rate of sediment that occurs.

3.5 Sediment rate of Krueng Jreu sub-basin

The spatial results of the sediment rate come from sediment derived from the annual erosion volume
processes. The relationship of spatial sediment rate with various land uses is presented in Figure 5. Figure 5
shows that different types of land use have different spatial sediment rates. The highest spatial sediment rate for
ten years occurred in three types of land use: open land at 36.69%, savanna at 21.02% and shrubs at 15.93%.
Meanwhile, the lowest spatial sediment rate occurred in dry land agriculture at 3.47%.

The spatial sediment rate for ten years has increased and decreased, directly proportional to the annual
erosion volume. The highest spatial sediment rate occurred in 2021, 90940.21 m®km2year?, and the lowest
occurred in 2019, 58206.18 m®km2year®. The average spatial sediment rate for ten years is 75294.51 m3*km-
2year. The high or low annual volumes of erosion influence the sediment rate fluctuations that occur.
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Figure 5. Spatial sediment rate on land use

The relationship between annual erosion volume and spatial sediment rate can be seen in Figure 6. In Figure
6, it can be seen that rainfall, annual erosion volume, and spatial sediment rate are closely related. This can be
seen from the coefficient of determination for the relationship between rainfall and erosion volume which is
99.96%. Furthermore, the coefficient of determination for the relationship between rainfall and spatial sediment
rate is 99.96%. This indicates that rainfall will significantly affect the annual erosion volume and spatial
sediment rate occurrence. If the amount of rainfall that occurs is high, the volume of erosion and the rate of
sediment will also increase (vise versa). The resulting spatial sediment rate is directly proportional to the volume
of annual erosion. According to Sudrajat (2018), regression is an equation that states the relationship between
one variable and another or more variables. The regression equation is obtained from the relationship between
the independent variable (X) and the dependent variable (Y). According to Ghozali (2016), the value of the
coefficient of determination has a value range of 0-1. The closer the value is to 1, the independent variable will
significantly affect the dependent variable; on the contrary, if it is not close to the value of 1, then the
relationship between the two variables will be further away or other variables will affect it.

The total sediment rate is the result of sediment production in the entire basin. It is calculated using the
parameters of the spatial sediment rate and the sub-basin area. The results of the analysis of the total sediment
rate for various land uses are presented in Figure 7. Figure 7 shows that the spatial sediment rate affects the total
sediment rate. It can be seen that the increase and decrease in the total sediment rate follow the spatial sediment
rate. The highest total sediment rate occurred in the use of open land, savannas, and shrubs. At the same time, the
lowest occurred in dry and agricultural land use.

The total sediment rate has increased and decreased for ten years. There was an increase in the total sediment
rate from 12773680.87 m3 in 2019 to 19957353.88 m? in 2021. Based on the results of research by Ali et al.
(2016) and Amiri (2010), the total sediment rate produced is influenced by the total area of the basin. Therefore,
the total sediment rate produced is more than the annual erosion volume. Total sediment is the amount of soil
deposited in a place as a result of erosion (Asselman et al., 2003). Annual erosion volume is the amount of soil
that is eroded and moved from one place to another in volume units per year (Jakubinsky et al., 2019). The
amount of annual erosion volume is more significant than the total sediment thought to occur because the
complete sedimentation depends on the area of sediment, which may still be able to move back due to other
potentials, such as the amount of rainfall that is too high. The same phenomenon was also found by Ghimire et
al. (2013) in estimating soil erosion and sedimentation in Nepal. The unit used in the Gavrilovi¢ method to show
the erosion potential is m*km2year?! and can be converted into tonshayear?. The total annual erosion volume
and spatial sediment rate occurring in the krueng Jreu sub-basin are presented in pada Table 3.
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Figure 7. Total sediment rate on land use

Table 3. Erosion volume, spatial sediment rate and total sediment rate in the Krueng Jreusub-basin

Year Annual erosion volume Spatial sediment rate
m3 km2 year Tonhatyear? m® km2 year Tonhalyear
2012 74090.31 1185.44 66381.68 1062.11
2013 94431.72 1510.91 84606.70 1353.71
2014 91848.01 1469.57 82291.81 1316.67
2015 81404.90 1302.48 72935.24 1166.96
2016 75235.98 1203.78 67408.16 1078.53
2017 101107.99 1617.73 90588.35 1449.41
2018 73717.04 1179.47 66047.26 1056.76
2019 64965.41 1039.45 58206.18 931.30
2020 82079.33 1313.27 73539.50 1176.63
2021 101500.71 1624.01 90940.21 1455.04

4. Conclusions

Biophysical characteristics such as geology and land use have a high sensitivity to the coefficient of erosion
intensity produced, while different slopes do not. Annual erosion volume and spatial sediment rate results are
directly proportional to temperature and rainfall, but the sensitivity of rainfall is more significant than
temperature. The results of the erosion and sediment analysis using the Gavrilovi¢ method for ten years in the
Krueng Jreu sub-basin show an average annual erosion volume of 84038.14 m®km-2 and a spatial sediment rate
of 75294.51 m®km2. The volume of erosion and the rate of sediment are known to have a very close relationship
with rainfall. This is shown from the results of the coefficient of determination of these two factors, which is
99.96%.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Viransehir Ilgesindeki Siit Sigir1 Isletmelerin Kimi Yapisal Ozelliklerinin Siit Verimine
Etkisi

The Effect of Some Structural Features on Milk Production of Dairy Cattle Farms in
Viransehir District

Cigdem DELEBE", Kemal YAZGAN?

Oz

Bu ¢alismada, Sanliurfa ilinin Virangehir ilgesinde Damizlik Sigir Yetistiricileri Birligi (DSYB)’ne {iye olan siit
sigir1 isletmelerinin yapisal durumlart ve isletme sahiplerine iligskin bazi 6zellikler belirlenerek bunlarin siit
verimine etkisi arastirllmistir. Calismada ilgedeki 262 isletme sahibi ile yapilan anketlerden elde edilen veriler ve
DSYB’den temin edilen siit verim kayitlar1 kullanilmistir. Anketlerden alman cevaplar ile yetistiricilerin sosyal
durumlar1, hayvan barmaklarinin 6zellikleri, yetistirme uygulamalari, yem temini ve besleme yontemleri istatistik
yontemlerle degerlendirilmistir. Arastirmada yetistirici yas ortalamasinin 41.9 £ 13.14 ve ilgede hayvan basina
diisen aylik ortalama siit veriminin 351.28+86.33 kg oldugu saptanmustir. Siit verimi ile igletme sahiplerinin yaslar1
ve ailedeki erkek ¢ocuk sayisi arasindaki iligkinin diisiik ve pozitif yonde oldugu (Sirasiyla r=0.1529 ve 1=0.1380),
buna karsilik ailede tarim dis1 iglerle ugrasan kisi sayisi arasindaki iliskinin ise diisiik ve negatif yonde oldugu (r=-
0.1693) belirlenmistir. Durakli ya da duraksiz ahirlarda barindirma sekli, bariaklarda kullanilan gati materyali ve
isletme biiytikligii gibi faktorlerin siit verimine etkisi 6nemli bulunmustur (P<0.05). Caligmadan elde edilen
bulgulara gore; Viransehir ilgesinde daha verimli ve karli bir siit sigirciligi igin isletmelerde kullanilan duraklarin
yenilenmesi ve uygun olanlarin secilmesi, barinak ¢ati materyali olarak ahsap iskelet {izerine désenmis kiremit
kullanilmasi, Siyah Alaca ve Simmental gibi kiiltiir irki sigirlara uygun barinak i¢i kosullarin saglanmasi, Ziraat
Miihendisi hizmetlerinden daha fazla yararlamlmasi gerektigi soylenebilir. Ureticilerin yaslarinin genel olarak
gen¢ ve bunlarin yiiksek oranda okuryazar olmalart nedeniyle yetistiricilerin yeniliklere ve bilinglendirme
faaliyetlerine agik olduklari sdylenebilir. Bu nedenle iireticilere yonelik yapilacak egitim faaliyetlerinin yararlh
olacagi sonuca varilmistir. Ureticilere verilecek egitimler kapsaminda; hayvan barmaklarinda kullanilan durak
cesitleri ve boyutlari ile bunlarin kullanim alanlari, ekonomik verim seviyesi kavrama, kiiltiir irk1 sigir yetistiriciligi
ve hayvan besleme konularina agirlik verilmesinin daha yararli olacagi kanisina varimistir. Belirtilen egitimler
Harran Universitesi Ziraat Fakiiltesi Zootekni Boliimii, Sanlurfa DSYB ve diger ilgili kuruluslarin is birligi ile
diizenlenebilir.

Anahtar Kelimeler: Siit sigirciligi, Barmak 6zellikleri, Yemleme, Cevre faktorleri, Virangehir.
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Viransehir ilgesindeki Siit S1gir1 Isletmelerin Kimi Yapisal Ozelliklerinin Siit Verimine Etkisi

Abstract

In this study, the structural status of dairy cattle farms that are members of the Cattle Breeders' Association (CBA)
in the Viransehir district of Sanliurfa province and some characteristics of their owners were determined, and their
effects on milk yield were investigated. In the study, the data obtained from the survey conducted with 262 farm
owners in the district and the milk yield records obtained from CBA were used. With the answers from the
questionnaires, the social status of the breeders, the characteristics of the animal shelters, breeding practices, feed
supply, and feeding methods were evaluated with statistical methods. In the study, it was determined that the
average age of the breeder was 41.9 + 13.14 and the monthly average milk yield per animal in the district was
351.28 + 86.33 kg. While the milk yield showed a positive low correlation with the age of the breeders and the
number of boys in their families (r = 0.1529 and 0.1380, respectively), there was a negative low correlation (r = -
0.1693) with the number of people engaged in non-agricultural work in the families of breeders. The effects of
factors such as stall type in the barn, barn roofing material, and farm capacity on milk yield were found to be
significant (P<0.05). According to the findings obtained from the study, in Viransehir district, for a more
productive and profitable dairy cattle breeding, the renewal of the stalls used in the farms and the selection of the
appropriate ones, the use of tiles laid on a wooden skeleton as the shelter roof material, and the provision of suitable
in-barn conditions for high-yielding cows of foreign origin such as Holstein and Simmental, more use of
agricultural engineer services can be said to be necessary. It can be said that the breeders are open to innovations
and awareness-raising activities since their age is generally young and they are highly literate. For this reason, it
has been concluded that training activities for producers will be beneficial. Within the scope of the trainings to be
given to the producers, it was concluded that it would be more beneficial to focus on the types and sizes of stalls
used in animal shelters, their usage areas, the concept of breakeven price, high yielding foreign originated cattle
breeding, and animal feeding. The specified trainings can be organized with the cooperation of Harran University,
the Faculty of Agriculture, the Department of Animal Science, Sanliurfa CBA, and other relevant institutions.

Keywords: Dairy cattle, Barn characteristics, Feeding, Environmental factors, Viransehir.

442



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(2)

1. Giris

Tiirkiye’de niifus artisi sonucu olusan talep ve yiikselen sosyoekonomik refah diizeyi, hayvansal iiretimin
arttirilmasim gerekli kilmaktadir (iscan ve ark., 2010). Tarimsal faaliyetin bir parcasi olan hayvancilik, kalite
bakimindan insan tiiketimine uygun olmayan bazi besin kaynaklarinin besleyici ve kaliteli insan gidasina
doniisiimiini saglamas1 ve maliyeti diisiik istihdam yaratmasi gibi iki bilylik avantaji sayesinde bilyilk dnem
tagimaktadir. Hayvansal iriinlere giin gectikge artan talebin kargilanmasinda ya hayvan sayisini artirmak ya da
birim basina verimi yiikseltmek gibi iki segenek bulunmakla birlikte, hayvan sayisinin siirekli olarak artirilmast
miimkiin ve ekonomik olmayacagindan hayvan bagina verimin yiikseltilmesi gerekmektedir (Soyak ve ark., 2007).
Hayvancilikta verimi belirlemede en 6nemli iki unsur ise hayvanlarin sahip oldugu genetik potansiyel ve maruz
kaldiklari ¢evre faktorleridir (Diizgiines ve ark., 2003). Hayvanin sahip oldugu genetik seviye ne kadar yiiksek
olursa olsun iiretim potansiyelini ortaya ¢ikaracak uygun ¢evre sartlari saglanmadigi takdirde hedeflenen verim
seviyesine ulasilamaz. Bu durum ozellikle Sanlurfa ilinde yapilan hayvancilik faaliyetlerinde de goze
carpmaktadir. Kimi isletmelerde duraklarin ideal dlgiilere gore yapilmamast, igletmelerin tam kapasite ile ¢aligma
oranmin disiik olmasi, isletmelerde ekonomik agidan maliyeti diisiirmek adina yapilan yanlis uygulamalar ve
komsu ahirlar 6rnek alinarak kaliplasmis bilgilerin kullanilmasi (Mundan ve ark., 2018) bunlara 6rnek olarak
gosterilebilir. Ayrica isletme sahiplerinin yas ve egitim diizeyleri, aile yapilar1 ve yasadiklari bolgedeki
sosyokiiltiirel yap1 gibi faktorlerinde igletme verimine etkisi bulunmaktadir.

Sanlwurfa ili Damizlik Sigir Yetistiricileri Birligi (DSYB) 2022 yili aralik ay1 verilerine gore, Viransehir
ilcesinde 965 isletme ve 17.142 bas sagmal inek bulunmaktadir. flge gerek isletme sayis1 (%72.23) gerekse de
hayvan varligi (%72.01) bakimindan ilde ilk siradadir (Tablo 1). Bu baglamda Sanlurfa da siit sigirciligi
denildiginde ilk akla gelen yer Viransehir ilgesidir.

Tablo 1. Sanhurfa ilinde ilcelere gore DSYB’ye kayith isletme sayist ve hayvan varlig

Table 1. Number of dairy farm and livestock which member to DCBA (Dairy Cattle Breeders Association) by
districts in Sanhurfa

£ @
= S S 2 « 3 8 Toplam
. <8 o5 ET §5 <% &% 5% Haya
Isletme é’ £ E i ; g 23 8  x CE» =L Varh@
. sayIst = T B2 25 g X£ £ Total
L Number = E e = U E = Animal 0
District of farm 15 o presence Yo
Akgakale 9 65 30 7 9 12 4 8 135 0.28
Birecik 10 130 77 24 16 44 19 5 315 0.65
Bozova 12 220 144 72 30 55 77 32 630 1.30
Ceylanpina 33 127 501 252 272 35 163 226 2.719 5.60
Eyylibiye 67 140 478 178 85 245 147 81 2.615 5.39
Halfeti 6 175 20 6 3 27 8 7 246 0.51
Haliliye 75 544 271 105 38 172 98 33 1.261 2.60
Harran 11 18 15 2 2 9 2 5 53 0.11
Hilvan 51 324 151 47 33 113 73 13 754 1.55
Karakoprii 27 660 333 129 63 197 137 63 1.582 3.26
Siverek 47 170 558 186 13 462 209 18 3.153 6.50
Surug 23 41 25 16 6 21 10 4 123 0.25
Viransehir 965 17.1 7.19 2914 296 4.020 3.048 347 34.958 72.01
Total 1336 236 9.79 9.938 866 5.412 3.995 842 48.544 -

Ulkemizde birgok il ve ilgelerde, siit sigir1 isletmelerine iliskin yapisal dzelliklerin belirlenmesine yénelik
yapilmis calismalar mevcuttur (Onal ve Ozder, 2008; Kaygisiz ve Tiimer, 2009; Aygiil ve Ozkiitiik, 2012; Boz,
2013; Aksoy ve ark., 2014; Demir ve ark., 2014; Tiizemen ve ark., 2014; Akkurt ve Koknaroglu, 2016; Hozman
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ve Akcay, 2016; Yaylak ve ark., 2016; Atmak ve Yazgan, 2018; Aydin ve Keskin, 2019). Bu ¢alismada, diger
calismalardan farkli olarak Sanlmurfa Viransehir ilgesinde DSYB iiye siit sigir1 isletmelerinin yapisal 6zellikleri ve
isletme sahiplerine iliskin sosyodemografik 6zelliklerin belirlenmesinin yaninda bunlarin igletmelerdeki siit verimi
iizerine etkisi aragtirilmistir.

2. Materyal ve Metot
2.1. Materyal

Calismanin materyalini, Sanlmrfa ili Viransehir ilgesinde faaliyetlerine devam eden siit sigir1 yetistiricilerinden
anket yolu ile elde edilen elde edilen birincil veriler (Lorcu, 2015) ve Sanliurfa DSYB’den temin edilen siit verim
kayitlari ile suni tohumlama kayitlari olusturmustur. Siit verim kayitlar1 2020-2021 yillarini kapsamaktadir. Caligmada
toplamda 262 isletme sahibi ile yliz yilize anket yapilmistir. Calisma kapsaminda s6z konusu bu 262 isletmede
yetistirilen toplamda 10.083 sagmal inege ait siit verim kayitlar1 degerlendirilmistir. Bu kapsamda 5.711 Siyah Alaca,
1868 Simmental melezi ve 2.504 yerli irk melezi olarak nitelendirilen hayvanlarin siit verim kayitlari kullanilmistir.

Isletmelerde yetistiriciligi yapilan hayvan irklarmin tespitinde Sanlurfa DSYB tarafindan yapilan suni tohumlama
kayitlar1 esas alinmigtir. Calismada Simmental melezi olarak belirtilen hayvanlarin babalarinin suni tohumlama
kayitlarina gére saf Simmental oldugu kesin bilinmekle beraber analarmin irki tam olarak bilinmediginden bu
hayvanlar Sanlwurfa ili DSYB tarafindan Simmental melezi olarak nitelendirilmektedir. Siyah Alaca olarak
nitelendirilen hayvanlarm hem analarinin Siyah Alaca olduklari bilinmekle beraber babalarmin da suni tohumlama
kayitlarina gore Siyah Alaca olduklari kesin olarak bilinmektedir. Bununla birlikte yerli irk melezi olarak nitelendirilen
hayvanlarin ise analarmimn yerli irk oldugu (Kilis, Yerli Kara vs.) kesin olarak bilinmektedir.

Calismada kullanilan anket formu, isletme sahiplerinin siit sigirciligt yapma nedeni, yaslari, erkek ve kiz ¢ocuk
sayilari, ailelerindeki tarim ya da tarim disi islerle ugrasan birey ve toplam calisan sayilari, isletme sahiplerinin ne
kadar siire ile hayvancilikla ugrastiklari, isletmedeki hayvan sayilari, sahip olduklari igletmelerin fiziksel durumlar
(barmak tipi, durak yapisi, duvar, siva ve ¢ati materyalleri), yetistirme uygulamalart (kullanilan altlik, hayvanlar
yikama siklig1 vs.), kullanilan yemler ve yemleme metotlari ile yetistiriciligi yapilan rklar hakkinda gesitli sorulardan
olusturulmustur.

2.2. Yontem

Calismada 6rneklem biiyiikliigliniin hesaplanmasi i¢in 6ncelikle Viransehir ilgesinde faaliyet gosteren toplam
s1gir yetistirici sayisi tespit edilmistir. Sanlrfa ili DSYB verilerine gore Viransehir ilgesinde toplam 733 siit sigirt
isletmesi bulunmaktadir. Tespit edilen 733 yetistirici sayisi aragtirmanin evrenini olusturmustur. Caligmada anket
ile soru sorulacak yetistirici sayisinin tam olarak tespit edilebilmesi i¢in ise oransal ornekleme ydntemine
bagvurulmustur. Oransal Ornekleme yonteminde kullanilan matematiksel ifadeler (Esitlik 1 ve 2) asagida
verilmistir (Newbold ve ark., 2012);

= (N-ll\;*zgjp*q - (733—1)3(303.0(0)(‘)5650]-)10.5*0.5 =253 (Es.1)

o’= < ! ) = <%)2 =0.000651 (Es.2)
P \Ze,) \196) >

Esitliklerde;

n : Ornek biiyiikliigiinii,

N : Popiilasyondaki yetistirici sayisini (733),

6123 : Oranin varyansini (0.000651),

r : Ortalamadan izin verilen hata payini (%S5),

Zap : Z cetvel degerini (1.96),

p : Incelenen olayin gergeklesme olasiligint

ifade etmektedir. Burada %99 giiven araliginda ve ortalamadan %35 sapma ile anket yapilacak sigir yetistirici
sayisinin en az 253 olmast gerektigi belirlenmistir. Bununla birlikte calismada bastan Ongoriilemeyecek
problemlerin gerceklesebilecegi ihtimaline karsilik ilce kapsaminda birlik {iyesi olmak kaydiyla rastgele segilen
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262 igletme sahibi ile anket yapilmasina karar verilmistir. Ankete katilan isletmelerin siit verimleri
degerlendirilirken Sanlwurfa ili DSYB verileri esas alinmistir.

Olgek sorular olusturulurken hem benzer ¢alismalardan hem de arastirmacilar tarafindan olusturulan dlgek
kullanilmistir. Arastirmada isletme sahiplerine iligskin kimi veriler (sosyodemografik 6zellikler) ile isletmeye ait
aylik siit verimi arasindaki korelasyonlar belirlenmistir. Bununla birlikte on ti¢ farkli ¢evre faktoriiniin aylik siit
verimi iizerine etkisini saptamak ve siit verimine iligkin en kii¢iik kareler ortalamalarini elde etmek icin asagidaki
modelden (Esitlik 3) yararlanilmistir;

13
YX1X2X3.“X13: U + anxn-i_exlxz)(}“.xm (E$3)
n=1

Modelde;

) (PR Sirastyla, barmak tipi (x;= tamamen kapali ve kismen kapali), barindirilma sekli (xo=bagli ya da
serbest durakli ve durak yok), taban materyali (xs=beton ya da déseme tas ve toprak), duvar
materyali (Xs=tas, briket veya tugla, kerpi¢ ya da ahsap), barinak sivasi (xs=sivali ve sivasiz),
barinak ¢at1 materyali (xe=ahsap iskelet {izeri kiremit, tahta, toprak ve beton), kaba yem ¢esidi
(X7= bugday samani, mercimek samani, musir silaji ve bunlardan bir kagin1 verip ayrica merada
otlatma), yasa gore yem ¢esit ve miktar1 (xg= ziraat mithendisi ya da veterinere danigma, kendi
karar verme ve diger yetistiricilere danigma), altlik tiirii (xo=Saman, talas, kuru giibre ve diger),
hayvan yikama siklig1 (x10= alt1 ayda bir ve yilda bir), irk (x11= yerli, Siyah Alaca ve Simmental
melezi), siit verim seviyesine gore yemleme (x12=evet ve hayir) ve isletme biiytkligii (x13=<50
ve >50) gibi ¢evre faktorlerinin seviyelerine iliskin siit veriminin en kiiciik kareler ortalamasini,

u : Popiilasyon ortalamasini,

Ny, : Sirasiyla, barmak tipi (f1), barindirilma sekli (f2), taban materyali (f3), duvar materyali (f4),
barinak sivasi (f5), barinak ¢at1 materyali (f6), kaba yem ¢esidi (f7), yasa goére yem cesit ve
miktar1 (8), altlik tiirti (f9), hayvan yikama sikligt (f10), ik (f11), siit verim seviyesine gore
yemleme (f12) ve isletme biiyikligii (f13) gibi gevre faktorlerinin xn seviyesine gore etki
miktarlarmi (n=1, 2, 3 ... 13),

€x,x5%5. 13 : Tesadiifi ¢evre faktorlerinin etki miktarini

ifade etmektedir.

Aragtirmada kullanilan verilere iligkin tiim diizenlemeler ve gerceklestirilen tiim istatistiksel analizler SAS
(2000) yazilimi ile gergeklestirilmistir. Korelasyon hesaplamalarinda PROC CORR, en kiiciik kareler
ortalamalarinin elde edilmesinde ise “PROC GLM” yontemleri kullanilmustir.  Siit verimine iligskin en kiiciik
kareler ortalamalarin karsilagtirilmasinda ise “Tukey” testinden yararlanilmistir.

3. Arastirma Sonuclar1 ve Tartisma

Yetistiricilere sorulan siit sigircilig1 yapma nedeni sorusuna yetistiricilerin cogu sadece geg¢im igin (%46.18)
yanitini verirken bunu sirasiyla gegime katki (%39.31), kendi ihtiyacini karsilama (%9.54) ve hobi olarak (%4.96)
cevaplar takip etmistir. Bu sonuglar Onal ve Ozder (2008) tarafindan bildirilenlerle paralellik gdstermektedir.
Diger taraftan bu caligma igin tespit edilen tek ge¢im kaynagi olarak siit sigircilig1 yapanlarin orani (%46.18),
Tugay ve Bakir (2011)’1n bildirdigi degerin (%73.7) oldukc¢a gerisindedir. Diger taraftan, Aksoy ve ark. (2014),
Erzurum’da bulunan DSYB’ye iiye isletme sahiplerinin tarim disindaki baska alanlarla daha az ilgilendiklerini
bildirirken bu durum Virangehir’deki isletmeler i¢in sdylenememektedir.

Isletme sahiplerinin yas ortalamas1 41.9 + 13.14 olarak tespit edilmistir (Tablo 2). Elde edilen bulgular Aydin
ve Keskin (2019)’in bildirislerine benzerdir. Isletmelerden elde edilen siit verimi ile isletmelerin yas ortalamalari
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arasinda diigiik diizeyde pozitif yonlii bir iliski oldugu belirlenmis (r=0.1529) olup istatistiksel olarak énemlidir (P
<0.05). Ureticilerin yas1 ile siit verimi arasindaki pozitif yonlii iliski, isletmecilerin yaslarmin ilerledik¢e sahip
olduklar1 deneyim ve biling diizeylerinin artmis olmasi ile agiklanabilir. Siit verimini pozitif yiinden etkileyen
diger bir etken ise erkek ¢cocuk sayisi (r=0.1380) olup istatistiksel olarak dnemli bulunmustur (P <0.05). Bu durum,
erkek ¢ocuklarin ig giiciinde daha fazla kullaniliyor olmasi ile agiklanabilir. Buna karsilik ailede tarim dis1 islerle
ugrasan kisgilerin sayis1 arttikga siit veriminin olumsuz olarak etkilendigi belirlenmekle (r= -0.1693) birlikte bu
faktorde istatistiksel olarak onemli tespit edilmistir (P <0.01). Bu durum ise isletme bireylerinin tarimsal faaliyet
dis1 diger islere zaman ayirdikca isletme ile ilgili islere olan ilgilerinin azaliyor olmasi ile agiklanabilir. Ayrica
tarimsal faaliyet hayvancilig1 da kapsayan bir biitlin olarak degerlendirildiginde 6zellikle de kirsal kesimde girdi
maliyetlerini diisiirebilme adina aile iggiicliniin onemiyle de alakalidir. Tarim dig1 faaliyetlere olan ilginin azalmasi
ailede bu ¢aligmaya konu olan igletmeler igin kullanilacak is giiciiniin de azalmasi anlamina gelmektedir. Bu da

isletme 6zelinde siit verimine olumsuz olarak yansiyabilmektedir. Buna karsilik, kiz cocuk sayisi, ailede ¢iftcilikle
ugrasan sayisi, ailede toplam c¢alisan sayist ve hayvancilik yapma siiresi gibi faktorlerin siit verimi ile olan
korelasyonlar1 nemsizdir (P>0.05). Ozellikle hayvancilik yapma siiresi ile siit verimi arasidaki iliskinin dnemsiz
olmasi; yetistiricilerin uygulamada gelenekg¢i yaklagimlari tercih etmelerinden, yenilik ve diger tiretim tekniklerine
karg1 pasif kalmalarindan kaynaklaniyor olabilir. Bu sonu¢ Mundan ve ark. (2018)’nin bildirisleriyle uyumludur.

Calismada isletmelerdeki barmak 6zellikleri ve bunlara ait ¢esitli unsurlarin, kaba yemlerin, kullanilan altlik
tiirlerinin ve isletme biiyiikliigili gibi faktorlerin hayvan bagina elde edilen aylik toplam siit verimine etkisi en kiigiik
kareler yontemi ile analiz edilmis ve bunlara iliskin sonuglar Tablo 3 ile Tablo 4’te verilmistir. Buna gore belirleme
katsayis1 (R?) degeri 0.2085 bulunmustur. Diger bir ifade ile s6z konusu faktdrler siit verimlerinde olusan
varyasyonun yaklasik %20’sini agiklayabilmistir. Bunun sebebi hayvanlara iliskin laktasyon sirasi, laktasyona
baglama yasi, buzagilama mevsimi, kuruda kalma siiresi ve bunun gibi ¢evre faktorlerine iliskin verilere
ulasilamamig ve modele (Esitlik 3.3) dahil edilememis olmas1 olabilir. Bununla birlikte barindirma sekli, barmak
cat1 materyali ve isletme biiyiikliigiiniin siit verimine etkisi 6nemli bulunurken (P<0.05), diger faktorlerin etkisi
ise dnemsizdir (P>0.05).

Tablo 4’de goriildugii tizere barindirma sekli bakimindan durak bulunmayan isletmelerde aylik siit verimi
ortalamasi 379.89+17.37 kg iken, bagli ya da serbest durak sistemine sahip igletmelerde aylik siit verim ortalamast
333.58+16.15 kg olarak tespit edilmis olup iki ortalama arasindaki farkin istatistiksel bakimdan 6nemli oldugu
belirlenmistir (P<0.05). Serbest sisteme sahip isletmelerde siit veriminin daha yiiksek olmasina durak sistemi
kullanan isletmelerde hayvanlarin baglaniyor olmasi ya da durak yapilarinin hayvanlarin irklarina gére uygun
yapida olmamas1 sebep olmus olabilir. Diger taraftan bu calismadan farkli olarak Onal ve Ozder (2008) Edirne ve
ilgelerinde DSYB {iyesi isletmelerin tamaminda durak bulundugunu ve %96.5’inin baglh durak ve %3.6’sinin da
serbest durak sistemine sahip oldugunu bildirmistir.

Isletmelerde kullanilan barmak cati materyalleri ele alindiginda en yiiksek aylik siit verimi ortalamasi ahsap
iskelet {izeri kiremit materyale sahip isletmelerin oldugu gruptan elde edilmistir (395.37+£16.0 kg). Bunun tahta
materyale iligkin ortalamadan (341.48+19.85 kg) farki 6nemli bulunurken (P<0.05), toprak (343.28+26.49 kg) ve
beton (346.82+17.30 kg) materyalden fark: ise 6nemsiz (P>0.05) bulunmusgtur (Tablo 4). Tahta, toprak ve beton
materyallere iliskin ortalamalar aras1 farkliligin 6nemsiz oldugu tespit edilirken, benzer durum ahsap iizeri kiremit
materyal ile toprak ve beton materyallerin ortalamalari arasi fark i¢inde s6z konusudur (P>0.05). Bu durumda
Viransehir kosullarinda barinak tasariminda gat1 materyali olarak imkanlar geregi sadece “ahsap iizeri kiremit” ya
da “tahta materyal” kullanim alternatifleri varsa tahta materyalin tercih edilmemesi gerektigi sdylenebilir. Betonun
maliyetinin daha yiiksek olmasi, toprak materyalinde dayaniksiz olmasi sebebiyle ahsap iizeri kiremit kullanimi
iyi bir tercih gibi gozilkkmektedir. Cati materyali tercihinin siit verimine etkisi sagladigi sicaklik izolasyonu ile
ilgilidir. Viransehir’in iilkemizin yaz aylarinda hava sicakliginin en yiiksek degerlere ulastig1 bolgelerinden birinde
yer aldigi diisliniildiigiinde cati materyalinin 6nemi daha iyi anlagilabilir. Barmak ortaminda giines 1s18in1
yansitmada uygun materyal se¢imi yapilmaz ise hayvanlarin sicaklik stresine maruz kalma olasilig: artacak ve bu
da siit verimini olumsuz olarak etkileyecektir.
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Tablo 2. isletme sahiplerine iliskin veriler ve igletmeye ait aylik siit verimi ile iligkisi

Table 2. The relationship between data about dairy farm owners and monthly milk yield

Ortalama
Ozellik Mean Simflar
Item X+£S) Classes N % r P
22-32 100 38.16
32-42 101 38.54
+ . * .
Yas (y1l) 419+ 13.14 4952 7 10.30 0.1529 0.013
>53 34 12.97
Erkek Kk 1-5 246 93.59
SR 2.7+1.99 6-10 15 572 0.1380* 0.025
sayisi (kisi) >11 1 038
K k <3 172 65.64
(klizic);ocu Savist 20+1.55 3-6 85 32.44 0.0966 0.118
i 7 5 100
Ailede cifteilikle 2-7 200 76.33
ugrasan sayisi 6.0+2.91 8-13 52 19.84 0.0256 0.679
(kisi) >14 10 3.81
Ailede tarim dis1 =3 230 87.78
islerle ugrasan 0.7+1.19 3-5 23 8.77  .0.1693** 0.006
sayisi (kisi) >6 9 3.43
Ailede toplam 2-6 143 54.58
calisan sayisi 6.7 £3.56 7-10 102 38.93 -0.0356 0.566
(kisi) >11 17 6.48
Hayvanciltk 202+ 12.36 1-20 179 6832  0.0498 0.422
yapma siiresi (y1l)
*P<0.05
**p<0.01
Tablo 3. Bazt ¢cevre faktorlerinin siit verimine etkisi
Table 3. The effect of some environmental factors on milk yield
Faktor SD Kareler ortalamasi
Factor Degrees of freedom Mean of squares P
Barmak tipi 1 4.081,90 0.426
Barindirilma sekli 1 94.379,94
Taban materyali 1 4.863,24 0.385
Duvar materyali 2 5.756,71 0.640
Barnak si1vasi 1 9.553,69 0.224
Barinak ¢at1 materyali 3 123.324,73
Kaba yem ¢esidi 3 5.759,26 0.826
Yaga gore yem cesit ve miktar belirleme 2 8.241,15 0.528
Althk tird 3 2.620,04 0.938
Hayvan yikama siklig1 1 14.300,92 0.137
Irk 2 385.02 0.970
Siit verim seviyesine gore yemleme 1 17.77 0.972
Isletme biiyiikliigii 1 44.436,69
Hayvan bas1 aylik siit verimi ortalamasi 351.28+86.33
Belirleme katsayis1 (R?) 0.2085

SD: Serbestlik derecesi
**P<0.01
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Tablo 4. Siit verimine iliskin en kiiciik kareler ortalamalari ve standart hatalart

Table 4. Least squares means and standard errors of milk yield

En kiiciik kareler
ortalamasi (kg)*
Least squares

Faktor Seviye means (kg)
Factor Level n X+S5)
K tii Tamamen kapali 238 348.12+12.66
Bannak tip1 Kismen kapali 24 365.36+23.75
. Bagli ya da serbest durakl 92 333.58+16.16%
Barmdiril kl
Arndirima sext Durak yok 170 379.89+17.37°
. Beton ya da doseme tas 168 362.02+16.38
Taban materyali Toprak 94  351.46:17.18
Tas 54 359.48+19.91
Duvar materyali Briket ya da tugla 136 349.70+17.74
Kerpic¢ ya da ahsap 72 361.04+16.86
Barinak sivasi Sivali 220 347.85+15.54
Sivasiz 42 365.63+18.83
Abhsap iskelet {izeri kiremit 84 395.37+16.052
. Tahta 54 341.48+19.85°
Barmnak gati materyali Toprak 16 343.28+26.49%
Beton 108 346.82+17.30%®
Bugday Samani 84 359.79+17.24
Mercimek Samant 45 347.41£19.10
L Misir Silaji 35 358.11£20.08
Kaba yem gesidi Yukaridakilerden bir ya da
birkagini veriyorum ve 98 361.63£17.11

merada otlatiyorum
Ziraat Miihendisi ve

Veteriner Hekime 27 361.91+20.89
) ) ] danisiyorum
Yasa gore yem c¢esit ve miktar belirleme . .
Kendim karar veriyorum 209 346.65+15.04
Diger yetistiricilere
danigtyorum 26 361.65+21.33
Saman 153 361.22+15.86
- Talas 35 356.00+20.58
Altlik tiir Kuru giibre 52 360.17+18.86
Diger 22 349.56+22.26
Havvan vikama sikhizi Alt1 ayda bir 56 366.26+17.85
yvany & Yilda bir 206 347.22+15.90
Yerli irk melezleri 77 355.30£17.26
Irk Siyah Alaca 139 358.23+16.51
Simmental melezi 46 356.69+19.19
. . L . Evet 42 356.50+15.12
Siit verim seviyesine gore yemleme Haylr 220 356.98+18.90
Havvan savisi <50 89 340.80+17.63%
Y Y >50 173 372.67+15.89°

Ay siitunda farklt harf tagiyan ortalamalar arasi farklar istatistiki olarak dnemlidir (P<0.05).

Bu ¢alisma da 50 bas ve iizeri hayvana sahip isletmelerin sayis1 173 olarak tespit edilmis olup toplam isletme
varlig1 igerisindeki pay1 %66’ya tekabiil etmektedir. Bu deger Soyak ve ark. (2007), Kaygisiz ve ark. (2008) ve
Onal ve Ozder (2008) tarafindan bildirilenlerin {izerindedir. Diger taraftan Akkurt ve Kéknaroglu (2016) Isparta
ilindeki igletmelerin %27.71'sinin 31 bag ve istii sigir varligina sahip oldugunu belirlemislerdir. Bununla birlikte
bu caligmada 262 isletmede bulunan toplamda 10.083 sagmal inek varlig1 géz 6niinde bulunduruldugunda isletme
bagina diisen sagmal inek sayist yaklasik 38’dir. Bu deger Tatar (2007) tarafindan Ankara ve Aksaray icin
bildirilenlerden (sirasiyla 13.2 ve 9.7), Tugay ve Bakir (2011) tarafindan da Giresun ve ilgeleri i¢in bildirilen
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degerden (8) oldukga yiiksektir. Ancak, gerek hayvan varligimin isletme sayisina gore dagilimi, gerekse de isletme
bagina diigen hayvan varlig1 gibi parametreler, bu arastirma ile diger arastirmalarin arasindaki yil farklarindan
dolay1 direkt karsilastirilamaz olsa da, Virangehir ilgesinin bu ¢alisma ile ortaya ¢ikan mevcut durumu ile bu il ve
ilgelerin gegmis donemlerindeki mevcut durumu hakkinda bir fikir verebilir. Hayvan sayis1 bakimindan igletme
biiyiikliigiiniin aylik siit verim seviyesi tizerine etkisi ele alindiginda, Tablo 4’te goriilecegi lizere 50 bag ve tizeri
slit sigirina sahip isletmelere iligkin aylik siit verimi ortalamasinin (372.67+15.89), bu saymin asagisinda hayvana
sahip isletmelere iligkin ortalamadan (340.80+17.63) daha yiiksek oldugu ve bu ortalamalar arasindaki farklarin
istatistiksel bakimdan 6nemli oldugu (P<0.05) saptanmustir. Elli bag ve iizeri kapasiteye sahip isletme sahiplerinin
gerek bilgi gerekse de sahip olduklar1 teknik ekipman dolayisiyla daha bilingli hayvancilik yapiyor olmalar1 ve
maddi imkanlarinin diger kiigiik isletmelerinden daha iyi olmasi bu duruma sebep olarak gdsterilebilir.

Siit sigir1 irk1 se¢imi konusunda yetistiricilerin ilk tercihi Siyah Alaca kiiltiir irk1 iken (%53.05), bunu yerli irk
melezleri (%29.39) ile Simmental melezi hayvanlar (%17.56) takip etmistir. Kiiltiir, melez ve yerli hayvan
bakimindan ele alindiginda bu ¢aligmadan elde edilen bulgular, Tugay ve Bakir (2011) ile Seker ve ark. (2012)’nin
bildirdiklerinden farklilik arz etmektedir. Bu farkliliklar yetistiricilerin mesleki biling ve gelir seviyeleri ile
baglantili olabilir. Virangehir’de de iilkemizin diger illerinde oldugu gibi Siyah Alaca hayvanlar siit {iretiminde
agirlikli olarak kullanilmaktadir. Bunun nedenleri arasinda bu irka iligkin damizliklara bolgede erisimin kolay
olmasi, yetistiricilerin bu irka diger irklardan daha asina olmalar1 ve bu irkin yetistirilmesinde daha deneyimli
olmalari sayilabilir. Ayrica Siyah Alacalarin iri ciisseli ve kombine verimli irk olmasi sebebi ile de erkek hayvanlar
beside kullanildigindan erkek Siyah Alaca buzagilar piyasa sartlarinda iyi fiyata alict bulmaktadir. Diger taraftan
Tilizemen ve ark. (2014) Erzincan’in Cayirli ilgesinde Siyah Alacanin gorece daha az ilgi gordiigiinii bildirmistir.
Buna sebep olarak aragtirmanin yapildigt yerde Esmer irkinin bolge sartlarina daha iyi uyum saglamis olmasi
sebep olabilir.

Irk bazinda siit verimi ortalamalarinin birbirlerine ¢ok yakin degerler aldigi goriillmekte olup daha dnce de
belirtildigi gibi aralarindaki farkin da 6nemsiz oldugu (P>0.05) saptanmstir (Tablo 4). Yerli ik melezleri ile Siyah
Alaca ve Simmental melezi gibi irklarin benzer ortalamalara sahip olmalar1 hayvanlara sunulan ¢evre sartlarinin
Siyah Alaca gibi kiiltiir irklar1 i¢in yeterli olmadigini gostermektedir. Tablo 4’te goriilecegi lizere hayvan bagia
aylik siit verimi ortalamalar1 yerli irk melezleri, Siyah Alaca ve Simmental melezleri i¢in sirastyla 355.30+17.26,
358.23£16.51 ve 356.69+19.19 kg olup giinliik olarak yine sirastyla 11.84, 11.94 ve 11.88 kg/hayvan degerlerine
karsilik gelmektedir. Bu degerler Onal ve Ozder (2008)’in bildirdigi degerden (20-25 kg) diisiik buna karsilik
Demir ve ark. (2014)’nin bildirdigi degerden (6.98 1t) ise yiiksektir. Ayrica, bu ¢alismadaki Siyah Alaca ve
Simmental melezlerine iliskin verim ortalamalar1 Tiirkiye geneli diistiniildiigiinde kiiltiir irki hayvanlarin ve
bunlarin yerlilerle melezlerine iliskin giinliik siit verimi ortalamalarinin da gerisindedir.

Tablo 4’te hayvanlar igin tedarik edilen kaba yem g¢esidinin de siit verimi lizerine etkisi olmadigi
goriilmektedir (P>0.05). Buna neden olarak kaba yem g¢esitlerinin niteliginin diisiik olmasi ve hayvanlara yeterli
miktarda saglanamiyor olmasi gosterilebilir. Virangehir’de nitelikli mera alanlari sinirh ve kisa siire yesil
kalmaktadir. Ayrica asir1 otlatma da meralarin niteligini zayiflatmaktadir. Yemleme konusunda iireticilerin Ziraat
Miihendisi Zooteknist gibi saha uzmanlarina danismaya meyilli olmamalari, kaba yem g¢esit ve miktarmin
hayvanlarin yas ve verim diizeyine bakilmaksizin hayvanlara yedirilmesi gibi nedenler de bu sonucu dogurmus
olabilir.

4. Sonu¢

Bu calisma da diger calismadan farkli olarak Viransehir ilgesindeki siit sigir1 yetistiricilerine iligkin gesitli
ozelliklerin, yetistirme bigimlerinin ve igletmelerin fiziksel durumlari gibi faktorlerin elde edilen siit verimine
direkt etkisi aragtirilmigtir.

Isletme siit veriminin isletme sahiplerinin yaslar1 ve ailedeki erkek cocuk sayisiyla diisiik de olsa pozitif korelasyon
gosterdigi ve isletme biiyiikliigi arttikca siit veriminin de de buna paralel olarak artis gosterdigi saptanmustir. Diger
taraftan, Isletme siit veriminin, ailede tarim dis1 islerle ugrasan kisi sayisi ile diisiikte olsa negatif yonlii korelasyon
gosterdigi belirlenmistir. Bu ¢aligmada siit sigirciliginin, isletme sahiplerinin yariya yakinin (%46.18) asil isi olmadig1
tespit edilmistir. Ancak, siit sigircilig1 faaliyetinin ciddi anlamda bilgi, deneyim ve zaman gerektirdigi gergegi goz
oniinde bulundurulursa 6zellikle yiiksek hayvan kapasitesine sahip isletmeler igin alternatif ya da ikinci bir ge¢im
kaynagi olarak ele alindiginda basar1 sansinin diisecegi ger¢egi unutulmamahdir. Bununla birlikte elli bas ve tizeri
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kapasiteye sahip isletme sahiplerinin gerek bilgi gerekse de sahip olduklari teknik ekipman dolayisiyla daha bilingli
hayvancilik yaptiklari gdze ¢arpmaktadir. Bu durum bu igletmelerin siit verimlerine de pozitif yonde yansimaktadir.

Isletmelerin %90.83’{i bolge sartlarma uygun olmayan tamamen kapali tipte barmak yapismna sahiptir.
Isletmelerin % 53’iinde Siyah Alaca irk1 kullanilmakta olup bunlarmn siit verimi ortalamast yerli irk melezlerine
yakindir. Diger bir deyisle isletmeler bu rkin talep ettigi ¢evre kosullarini saglayamamaktadir. Barmaklarim %
64.88’1 duraksizdir. Verilen kaba yemin kalitesinin diisiik oldugu anlagilmaktadir. Kaba yem konusundaki
sorunlarin giderilebilmesi i¢in bdlgede saman haricinde nitelikli alternatif kaba yemlerin nasil elde edilebilecegi
aragtirllmalidir. Kaba yemlerin hayvanlarin yaslarina ve verimlerine gére ne miktar ve oranda verilmesi gerektigi
konusunda tireticilerin siirekli Zooteknist Ziraat Miihendislerine danismalar1 gerekmektedir.

Viransehir kosullarinda barmak tasariminda gati materyali olarak imkanlar geregi sadece “ahsap iizeri kiremit” ya
da “tahta materyal” kullanim alternatifleri varsa “ahsap tizeri kiremit” materyalin tercih edilmesi gerektigi soylenebilir.

Kiiltiir irk1 hayvanlarin gevre isteklerinin mutlaka géz 6niinde bulundurulmasi gereklidir. Uretici yatirim
maliyeti yiiksek modern isletmeler kurmayi arzu ediyorsa yiiksek verimli kiiltiir irklari ile ¢alisabilir. Ancak bu
sekilde kiiltiir irk1 hayvanlarin ¢evre istekleri karsilanabilir. Aksi takdirde zarar edecegi ya da kazancinin istedigi
diizeye ulasamayacagi konusunda igletme sahipleri bilinglendirilmelidir.

Yetistiricilerin yas ortalamalari 42°dir. Yas1 42 ve altinda olan yetistiricilerin orani ise %76 civarindadir.
Yetistiricilerin yiiksek oranda okuryazar olmalar1 sebebi ile yeniliklere ve bilinglendirme faaliyetlerine agik
olmalar1 beklenildiginden diizenlenecek egitim faaliyetleri yetistiriciler adina yararh olabilir. Yetistiricilere,
barinaklardaki durak cesit ile boyutlar1 ile bunlarin kullanim alanlari, ekonomik verim seviyesi kavrami, kiiltiir
ki sigir yetistiriciligi ve hayvan besleme konularinda kapsamli egitim verilmesi gerekmektedir. Bu baglamda
Harran Universitesi Ziraat Fakiiltesi Zootekni Béliimii, Sanlrurfa DSYB ve diger ilgili kuruluslarin is birliginde
egitim faaliyetleri diizenlenebilir.

Tesekkiir

Katkilarindan dolay1 Sanliurfa ili Damizlik Sigir Yetistiricileri Birligi calisanlarina tesekkiir ederiz.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Fortification of Yoghurt with Xanthan Gum Biosynthesized from Grape Juice Pomace:
Physicochemical, Textural and Sensory Characterization

Uziim Suyu Posasindan Biyosentezlenen Ksantan Gam ile Yogurdun Zenginlestirilmesi:
Fizikokimyasal, Tekstiirel ve Duyusal Karakterizasyon

Ahmet Sukru Demircil", Basak Gurbuz?

Abstract

The impact of adding xanthan gum (0.05, 0.1 and 0.2%) biosynthesized from grape juice pomace on the
physicochemical characteristics (pH, titratable acidity, total solid, water holding capacity and syneresis) of set-
type yoghurt was examined during 21 days of storage period at 4 °C in this study. Textural, color (L*, a* and b*)
and sensory attributes (appearance, color, texture, taste and odor) were also assessed in samples with and without
biosynthesized xanthan gum. The textural properties and water-holding capacity of the yoghurt were significantly
(p<0.05) improved with the increase of the xanthan gum concentration. Accordingly, 0.2% of xanthan
supplementation resulted in the best texture of yoghurt and obtained an average firmness of 411.52 g. The pH
decrease trend was more pronounced in samples containing more than 0.1% xanthan on the first day of storage.
The susceptibility to syneresis of yoghurt samples increased with the addition of xanthan gum however, there was
no significant difference (p>0.05) between the samples at the end of storage, except for the sample with 0.2%
xanthan gum. The addition of the highest concentration of xanthan gum increased the a* and b* values while
decreasing the L* value (p<0.05). There was no significant difference (p> 0.05) between BXo 10 and BXo.2%, the
samples with the lowest L* value. The addition of biosynthesized xanthan had no significant effect (p> 0.05) on
the total solid, protein and ash content of yogurt. Besides, the biosynthesized xanthan gum had no negative impacts
on the sensory characteristics of yoghurt, except for the appearance. The findings indicated that biosynthesized
xanthan may be a desirable additive since it enhances the physical characteristics of yoghurt without affecting its
nutritional value or sensory properties.

Key words: Yoghurt, Biosynthesized xanthan, Gum, Grape pomace, Hydrocolloid.
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Oz

Bu ¢alismada, {iziim suyu posasindan biyosentezlenen ksantan gam (%0.05, 0.1 ve 0.2) ilavesinin set tipi yogurdun
4°C'de 21 giinliik depolama siiresi boyunca fizikokimyasal 6zellikleri (pH, titre edilebilir asitlik, toplam kati, su
tutma kapasitesi ve sineresiz) lizerindeki etkisi incelenmistir. Biyosentezlenmis ksantan gam igeren ve icermeyen
numunelerde tekstiirel, renk (L *, a * ve b *) ve duyusal ozellikler (goriiniis, renk, tekstiir, tat ve koku) de
degerlendirilmeye tabi tutulmustur. Yogurdun tekstlirel Ozellikleri ve su tutma kapasitesi, ksantan gam
konsantrasyonunun artmast ile beraber onemli dlglide (p<0.05) iyilesmistir. Buna gore, yogurtta en iyi tekstiir
ortalama 411.52 g sertlik degeri olarak %0.2 oraninda ksantan ilavesi ile elde edilmistir. Depolamanin ilk
giintinde %0.1'den fazla ksantan igeren numunelerde pH diisiis egilimi daha belirgin olmustur. Yogurt drneklerinin
sineresiz duyarliligi ksantan gam ilavesiyle artmig ancak depolama sonunda %0.2 ksantan gam igeren 6rnek
disinda ornekler arasinda dnemli bir fark goriilmemistir (p>0.05). Ksantan gamin en yiiksek konsantrasyonda
eklenmesi yogurdun L * degerini diisiiriirken a * ve b * degerlerinin yiikselmesine neden olmustur (p<0.05). En
diistik L * degerine sahip 6rnekler olan BXgq 19 V& BXg .29 arasinda 6nemli farklilik olmadigi belirlenmistir (p>0.05).
Biyosentezlenmig ksantan ilavesinin yogurdun toplam kati madde, protein ve kiil igerigi tizerinde 6nemli bir etkisi
olmamustir (p>0.05). Ayrica biyosentezlenmis ksantan gamin yogurdun duyusal 6zellikleri {izerinde goériiniim
disinda herhangi bir olumsuz etkisi olmadigi belirlenmistir. Elde edilen bulgular, biyosentezlenmis ksantan
ilavesinin yogurdun besin degerini veya duyusal 6zelliklerini etkilemeden fiziksel 6zelliklerini gelistirdigi i¢in
arzu edilen bir katki maddesi olabilecegini gostermistir.

Anahtar Kelimeler: Yogurt, Biyosentezlenmis ksantan, Gam, Uziim posas1, Hidrokolloid.
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1. Introduction

Yoghurt is a frequently consumed fermented dairy food that is recognized for its nutritional content,
digestibility, and health advantages (Nguyen et al., 2017). Since it aids in lactose digestion, yoghurt made using
typical yoghurt cultures (Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus salivarius subsp.
thermophilus) is currently regarded as a probiotic product (Hill et al., 2014). The taste and texture of probiotic
products are significant factors that affect customer preference in addition to their health advantages. Various
factors, like the starter type, fermentation period, total solid and water content have an impact on the texture, which
is a crucial characteristic of yoghurt quality (Vareltzis et al., 2016). However, a number of quality issues such as
poor firm and texture, low viscosity and syneresis are also encountered in non-fat or low-fat yoghurts, which have
recently been in high demand by consumers. Reducing fat in yoghurt also leads to sensory problems such as
reduced smoothness and creamy mouthfeel, which are considered important consumer expectations (Lee and
Lucey, 2010). Therefore, the desired physicochemical characteristics and sensory qualities of yoghurt are produced
by adding dietary fiber, pectin, protein, and hydrocolloids in order to meet consumer expectations.

Researchers have investigated the benefits of adding various hydrocolloid stabilizers to the milk base to
preserve or improve yoghurt characteristics like texture, mouthfeel, appearance, viscosity, and consistency as well
as to prevent whey separation (Nguyen et al., 2017; Mohsin et al., 2019; Ghasempour et al., 2020). Apart from
that, hydrocolloids have also been reported to may have prebiotic potential and antioxidant properties (Tiwari et
al., 2021). The hydrocolloids must be effective at the typical pH range of 4.0-4.6 and must not change the product’s
natural flavor for the consumer. However, the most issue with the use of hydrocolloids is its high production cost,
which is still a major problem. Therefore, the choice of hydrocolloid to be used to improve the quality of yoghurt
is important.

Xanthan gum is a microbial extracellular hydrocolloid produced by aerobic fermentation by Xanthomonas spp
and widely used in many industries as a stabilizer and thickening due to its unique properties (Sen et al., 2022). It
has been found to be effective in improving the viscosity, firmness, and texture of yoghurt without altering pH and
acidity values (Soukoulis et al., 2007). Hence, xanthan is also regarded as an excellent stabilizer that may be able
to create curd with a larger total solid content and less syneresis without altering any sensory properties.

The production cost of xanthan gum is high due to the expensive substrates such as glucose and sucrose used
as carbon sources. The main factor that raises the cost of producing xanthan gum is substrate cost, which accounts
for around 30% of the overall price (Demirci et al., 2019; Bhat et al., 2022). Since more economical carbon sources
are needed to reduce the raw material costs in xanthan gum production, many researchers have used alternative
substrates such as waste bread (Demirci et al., 2019; Apaydin et al., 2019) or kitchen waste (Li et al., 2016), etc.
for xanthan biosynthesis. However, studies on the use of biosynthesized xanthan (BX) from waste material to
produce food products are very limited. Therefore, research focusing on the use of BX from waste materials to
produce some food products will be of significant value as an economic step forward.

In this study, yoghurt was prepared using xanthan gum, which is biosynthesized by using pomace with high
soluble carbohydrate content, which is formed as a waste in high amounts as a result of the processing of grape
juice. Our earlier laboratory study reported the whole fermentation and characterisation of xanthan gum
synthesized from grape juice pomace (GJP) (Sen et al., 2022). In current study, it was aimed to investigate the
effect of xanthan addition produced from GJP on the physicochemical, textural and sensory properties of yoghurt.

2. Materials and Methods
2.1. Materials

Pasteurized cow milk (3.1% protein, 3.2% fat, 3.54% lactose, pH:6.97) purchased from AK Gida (Adapazari,
Turkey). Commercial freeze-dried yoghurt starters containing Lactobacillus delbrueckii ssp. bulgaricus and
Streptococcus thermophilus was obtained from Maysa Gida (Istanbul, Turkey). All of the chemicals used in the
study were obtained by Merck (Darmstadt, Germany).

2.2. Xanthan gum fermentation and recovery

Xanthomonas axonopodis pv. vesicotoria strain of xanthan gums, which in our previous study shown the best
production efficiency and rheological characteristics from GJP, was used in the production of yoghurt. In our
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previous study, the whole preparation of inoculum and the content of the medium used in xanthan production were
reported (Sen et al., 2022). GJP was used as a sole carbon source (40 g Lt). The fermentation experiments were
conducted at 220 rpm agitation rate, 28°C, 7.2 pH on an orbital shaker for 72 h (Infors HT Ecotron). The fermented
broth was centrifuged for 30 minutes at 4°C and 11,000 g-force to remove the cells. For the purpose of precipitating
the biopolymer, isopropanol (Merck) was added 1:3 (v/v) into the supernatant. To recover the precipitated gum,
the mixture was centrifuged once more at 11,000 g for 30 minutes at 4°C after being kept at 4°C for 24 h. The
precipitate was dried in an oven at 50°C until stable weight to determine the xanthan gum concentration. After
that, a disk mill was used to grind the dried polymer until the granule size was 0.5 pm.

2.3. Production of yoghurts

Branded and pasteurised milk was used to make yoghurt that resembled homemade yoghurt, without using any
additional milk powder. Pasteurized milk was conducted to heat treatment at 85°C 10 min in a water bath.
Biosynthesized xanthan was added in accordance with the experimental plan, at concentrations of 0, 0.05, 0.1, and
0.2% respectively, and the mixture was once again heated at 55°C for 20 min and then quickly cooled in chilled
43°C. Yoghurt culture was propagated in one liter sterilized skim milk at 30°C for 30 min. The propagated culture
(2.5 mL kg milk) was inoculated into xanthan supplemented milk. The inoculated milk was later transferred to
100 g plastic containers and incubated at 42°C until the pH dropped 4.6. For subsequent testing, all of the samples
were maintained at 4 +1°C.

The total solid, pH, titratable acidity, water holding capacity (WHC) and syneresis of samples were evaluated
on days 1, 7, 14, and 21 of the cold storage period. Protein, mineral (ash), texture, color and sensory properties
were assessed one day after production.

2.4. Physicochemical analysis

The pH value of samples was measured with a pH meter (Interlab, Turkey) after calibration it (Eser and Inang,
2022). The titratable acidity and total solids of yoghurt samples was assessed using the techniques described in
AOAC (2000). The ash and protein content of samples were measured by the dry-ash and Kjeldahl methods,
respectively (Aziznia et al., 2008). Syneresis index and WHC were analyzed according to the methods described
by Garcia-Pérez et al. (2005). The colour of the yoghurt samples was measured by a Chroma meter CR 400 (Konica
Minolta Sensing, Inc., Japan), and the data were reported as L*, a*, and b*. The L* parameters indicate the degree
of brightness (0-100), the a* red to green and the b* yellow to blue (Garcia-Pérez et al., 2005).

2.5. Texture profile analysis

The texture analyzer (TA. HD. PLUS, Stable Micro Systems, Godalming, Surrey) was used to evaluate
firmness, adhesiveness, cohesiveness, and gumminess index. The probe was a 25 mm acrylic cylinder moved speed
of 1 mm/s and test speed of 1 mm s through 10 mm within the sample. The data were presented as the average
of three measurements.

2.6. Sensory analysis

The fifteen expert panelists conducted sensory profiling (appearance, color, texture, odor and taste) of the
yoghurt samples using a 5-point hedonic scale in accordance with the procedure described by Mousavi et al.
(2019). These 15 expert judges were chosen from among the lecturers and students of the Department of Food
Engineering, Tekirdag Namik Kemal University, Tekirdag, Turkey.

2.7. Statistical analysis

ANOVA was used to analyze the data in JMP 5.0.1 (SAS Institute) in order to determine significant differences
between means of samples and storage days. The Tukey test was used to compare various groups at p< 0.05, and
significant differences were shown by different letters.

3. Results and Discussion

3.1. Effect of biosynthesized xanthan on total solid, pH, acidity, syneresis and WHC of yoghurt during the
21 day storage
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Table 1 displays the results of total solid, post-acidification (pH), titratable acidity, WHC and syneresis during
the storage period of yoghurts. As can be seen from the results of the first day of storage BX had no effect on the
total solid content of yoghurt samples (p> 0.05). In addition, there was no significant change in the total solids of
the yoghurt samples during storage.

The pH and acidity of yoghurt are crucial indicators of its quality. The texture, syneresis, and taste of the
yoghurt are significantly influenced by the pH. On the other hand, post-acidification during storage could be
viewed as a negative aspect by yoghurt customers. The addition of biosynthesized xanthan caused a decrease in
the pH of yoghurt (p< 0.05). While the pH of all samples decreased up until the 14th day of storage, there was a
significant increase following that day. The control group showed the lowest pH (p< 0.05) at the end of storage
time. The addition of xanthan gum slightly increased the acidity value, but this increase was statistically
insignificant (p> 0.05). During the storage period, the samples with added BX showed an increase in acidity values,
except for the control sample. This can be interpreted as increased bacterial activity in the presence of the xanthan
content. In other words, yoghurt bacteria may have shown more acid-forming activity in the presence of xanthan
gum during storage. Xanthan can act as an additional carbon source, causing slightly higher acidity than the non-
xanthan yoghurt sample. This result was similar to those reported by Mohsin et al. (2019), who mentioned that the
acidity of yoghurt samples with xanthan increased during storage.

WHC assesses the yoghurt's ability to hold water and its resistance to whey expulsion. As shown in Table 1,
the WHC values of the yoghurts ranged from 42.26 to 50.75% on the initial of storage. WHC was significantly
increased by BX addition, with the highest WHC value found in a yoghurt sample containing 0.2% BX. Stabilisers
strengthen the structure of yoghurt and increase its capacity to bind water, enhancing the overall texture of yoghurt.
(Bulca et al., 2019). It was determined that exopolysaccharides interact with protein micelles to increase the
yoghurt's ability to hold water (Yang et al., 2014). The WHC of the BXo.1% and BXgo.24 samples significantly
increased during the storage period, whereas the WHC of the control and the BXg.s0 Samples remained constant.

Table 1. Total solid, post-acidification (pH), titratable acidity, WHC and syneresis during cold (4+1°C) storage
of yoghurt samples

Parameter Samples 1.day 7.day 14.day 21.day
Total solid (%) C 12.41+0.14A2 12.93+0.24A0 13.30+0.33A2 12.93+0.24A0
BXo.05% 12.16+0.1682 13.93+0.08”2 12.28+0.32B® 13.93+0.0872
BXo.1% 11.45+0.23A2 11.91+0.167¢ 11.61+0.12Ab 11.91+0.167¢
BXo.2% 12.40+0.09A2 12.53+0.08A¢ 12.09+0.30A° 12.53+0.08A¢
pH C 4.56+0.0142 4.33+0.02A2 4.27+0.0182 4.45+0.01A4
BXo.05% 4,53+0.02A2 4.28+0.018" 3.96+0.04¢¢ 4.48+0.01A¢
BXo.1% 4.48+0.008" 4.29+0.01C® 4.16+0.025° 4.57+0.01A72
BXo.2% 4.48+0.01AP 4.27+0.008° 4.22+0.01¢2 4.51+0.01AP
Titratable acidity C 2.99+0.02A2 3.24+0.03A4 3.34+0.014¢ 3.31+0.02A°
(% lactic acid) BXo.05% 3.12+0.0282 3.47+0.02A42 3.69+0.024° 3.59+0.02A4
BXo.1% 3.06+0.0382 3.31£0.0142 3.57+0.01Abc 3.46+0.01A°
BXo.2% 3.09+0.03¢2 3.59+0.0182 3.89+0.0142 3.81+0.017B2
WHC (%) C 42.26+0.23A¢ 42.42+0.72A¢ 42.34+0.367° 42.38+0.15AP
BXo.05% 43.07+0.77A° 45.91+0.79A° 44.49+1.23A0 45.2042.15A0
BXo.1% 49.26+0.12B® 56.55+0.70A2 52.90+1.27B2 54.72+0.17A2
BXo.2% 50.75+0.38¢2 57.79+0.89A2 54.27+0.21B2 56.03+0.14A2
Syneresis (%0) C 40.29+1.38A¢ 39.29+0.55A2 41.01+0.10A 41.66+0.23A0
BXo.05% 47.96+0.33AP 40.33+0.2582 42.42+0.328® 43.93+0.21ABD
BXo.1% 48.95+0.19A2 41.51+0.6082 44.78+0.03AB3  43,87+(0.29ABD
BXo.2% 48.52+0.26A2 44.97+0.18B2 47.22+0.52A2 49.47+0.01A2

C: Control. 2*<9Different lowercase superscripts in the same column depict the significant difference between the samples for the same period

of storage (p < 0.05).

ABCDifferent uppercase superscripts in the same row depict the significant difference between means for same type of yoghurt sample at 1st,

7th, 14th, and 21th day of refrigerated storage (p < 0.05).

456



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(2)

Xanthan addition significantly increased the yoghurt syneresis and this effect increases with the concentration
of xanthan (Table 1). The findings are consistent with the earlier results; an increase in syneresis was noted as the
concentration of xanthan was increased (Nguyen et al., 2017; Andig et al., 2013). According to the literature, by
adding different hydrocolloids, the syneresis percentage of yoghurt changed differently. For instance, whereas
gelatin dramatically reduced the syneresis, other hydrocolloids (xanthan, carrageenan etc.) had the opposite effect
(Nguyen et al., 2017). The interconnected protein network is strengthened by the addition of xanthan gum, but on
the other hand, depleted flocculation causes more syneresis (Hemar et al., 2001). The syneresis of yoghurt samples
did not differ significantly during storage time from 1 to 21 days.

3.2. Effect of biosynthesized xanthan on the protein, ash contents and colour values of yoghurt

The protein and ash content and color analysis of yoghurt formulations were measured in 1 day and the results
were given in Table 2. The protein and ash contents of the yoghurts ranged from 3.73 to 3.81%, and 3.86-4.62%,
respectively and did not significantly (p> 0.05) differ. The protein and ash content of the yoghurt samples
fluctuated irregularly as BX levels increased, but these variations were not statistically significant (p>0.05). These
findings are in accordance with those of Mohsin et al. (2019), who found that the addition of the biosynthesized
xanthan from orange waste and storage time had no significant effects on the protein content of the yoghurt.

Color is one of the important criteria affecting the acceptance of consumers. L*, a* and b* values of yoghurts
supplemented with or without BX stored at 4°C are presented in Table 2. After 1 day of storage, plain control
yoghurt had considerably higher L* value than BX-supplemented yoghurts (p< 0.05). As the added BX
concentration increased (up to 0.1%), the brightness of the samples decreased, however, there was no significant
difference between samples BXg.1% and BXo.1%. All yoghurt formulations had negative a* (greenness) levels and
also the addition of BX significantly increased a* value when we compared to control and BX- added samples
(Table 2). The highest a* value (-1.59) was observed in the sample with 0.1% BX (p<0.05). Increasing BX
concentration caused irregular changes on the b* value of the yoghurt samples. The addition of 0.1% BX decreased
the value of b* but raised it by an additional 0.2% when compared to the control sample (p<0.05), whereas a 0.05%
concentration had no noticeable impact (p>0.05). Other studies found similar trends for color values of different
hydrocolloid-added yoghurts (Nguyen et al., 2017; Mohsin et al., 2019).

Table 2. Physicochemical characteristics of yoghurt samples*

Parameter Yoghurt samples

Control BXo.05% BXo0.1% BXo0.2%
Protein (%) 3.81+0.134 3.80+0.14A 3.73+0.047 3.80+0.28%
Ash (%) 3.86+1.48% 4.24+1.147 4.62+0.48" 4.16+0.66"
L* 91.36+0.43A 89.86+0.408 87.96+0.22¢ 87.64+0.06°
a* -3.45+0.028 -2.84+0.05"B -2.58+0.024B -1.59+0.084
b* 5.83+0.558 6.06+0.48B 4.80+0.20°¢ 7.2240.12A

ABCDifferent superscript letters in the same row indicate significant difference (p < 0.05). * The results were given for 1 days.
3.3. Effect of biosynthesized xanthan on the textural characteristics of yoghurt

Texture is another crucial factor for evaluating yoghurt qualities as it directly affects sensory perception by
consumers. The TPA results in Table 3 summarize the yoghurts' textural attributes (firmness, adhesiveness,
cohesiveness and gumminess). The firmness of the yoghurt increased with the addition of BX in direct proportion
to the xanthan concentration (p<0.05) and 0.2% of xanthan supplementation resulted in the best texture of yoghurt
and obtained an average firmness of 411.52 g. Similarly, the addition of xanthan in yoghurt caused an increase
(p<0.05) in adhesiveness and the highest adhesiveness was the yoghurt sample with a concentration of 0.2%. In
low pH conditions, the positively charged surface of casein micelles interacts with xanthan gum, a negatively
charged hydrocolloid, to create highly structured and accessible protein networks (Sanchez et al., 2000). The
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improvement in texture caused by the addition of xanthan gum is in accordance with previous research (Nguyen
etal., 2017; El-Sayed et al., 2002). On the contrary, the addition of xanthan reduced the gumminess of the yoghurts
and this decrease was also concentration dependent (p<0.05). In addition, BX did not significantly affect (p>0.05)
the cohesiveness of the yoghurt at lower concentrations (0.05 and 0.1%) while a higher level (0.2%) of BX was
required to increase cohesiveness (p<0.05).

Table 3. Texture analyis of yoghurt samples*

Parameter Yoghurt samples

Control BXo.05% BXo0.1% BXo0.2%
Firmness (g) 320.95+29.70P 360.19+15.69¢ 396.84+14.858 411.52+33.94A
Adhesiveness (g. sec)  -1205.61+26.87° -1038.02+15.56¢ -494.96+43.848 -124.60+26.16~
Cohesiveness (g) 0.38+0.068 0.34+0.018 0.49+0.0018 0.68+0.114
Gumminess (g) 126.12+1.41A 119.18+0.038 85.88+0.01 ¢ 56.48+0.01°

ABCDifferent superscript letters in the same row indicate significant difference (p<0.05). * The results were given for 1 days.
3.4. Effect of biosynthesized xanthan on the sensory properties of yoghurt

Table 4 presents the sensory evaluations of all yoghurt treatments on the first day of storage at 4°C. As seen in
Table 4, the addition of biosynthesized xanthan (BX) had no significant effects on the color, texture, odor, and
taste sensory attributes of yoghurt samples (p>0.05). Whereas, the appearance of the yoghurt samples was
significantly reduced by the addition of 0.1% and 0.2% BX (p<0.05). Control and BXg.050% yoghurt samples scored
the highest preference rating based on appearance sensory parameter, with a rating of 4.60 and 4.40, respectively
(p> 0.05). Mohsin et al. (2019) reported that the sensorial attributes for yoghurt samples in terms of texture and
appearance were significantly higher for yoghurt prepared using xanthan (p<0.05) while non-significant difference
was found in aroma, taste and flavor of the yoghurt samples.

Table 4. Sensorial attributes of yoghurt samples*

Characteristic Yoghurt samples

Control BXo0.05% BXo0.1% BXo.2%
Appearance 4.60+0.554 4.40+0.55% 3.40+1.3478 2.40+1.148
Color 4.80+0.457 4.60+0.55” 4.40+0.55” 4.60+0.554
Texture 3.80+1.30° 3.60+1.34A 3.65+1.34A 3.70+1.30A
Odor 4.20+1.307 4.40+0.894 4.80+0.45% 4.80+0.454
Taste 3.60+1.147 3.10+1.414 3.20+0.844 3.00+0.714

ABCDifferent superscript letters in the same row indicate significant difference (p < 0.05). * The results were given for 1 days.
4. Conclusions

In this study, the utilization strategy of using biosynthesized xanthan from grape juice pulp, which is a waste
material, was adapted for the preparation of yoghurt. The incorporation of xanthan gum (0.05-0.2%), a novel
stabilizing agent biosynthesized from grape juice pomace, in yoghurt caused some changes in physicochemical
properties. These changes in physicochemical properties were more pronounced, especially when high
concentrations of BX (0.1 and 0.2%) were added. The addition of BX had no significant effect on the total solid,
protein and ash content of yogurt (p>0.05). Yoghurt's physical characteristics were improved by BX, which
increased firmness and WHC while reducing gumminess. Although the addition of xanthan increased the syneresis
on the first day of storage, only the BXq.25% sample had a significantly higher syneresis value than the other samples
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after 21 days of storage. Our findings show that, except for appearance, the BX had no adverse effects on the
sensory qualities of yoghurt. In conclusion, BX can be a promising alternative to use as a low-cost hydrocolloid
by improving the physical properties of yoghurt without changing its nutritional and sensory properties.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Tekirdag ili’nde Tingidae (Hemiptera) Tiirlerinin Dogal Diismanlarr*

Natural Enemies of Tingidae (Hemiptera) Species in Tekirdag Province

Tolga AYSALY, Miijgan KIVAN?

Oz

Bu ¢alisma Tekirdag ili'nde Malkara, Saray, Siileymanpasa ve Sarkdy ilcelerinde Tingidae familyas: tiirlerinin
dogal diigmanlar1 ve yayilislarini saptamak amaciyla yiriitilmiistiir. Soérveyler 2011-2012 yillarinda odunsu
bitkiler tizerinde yapilmistir. Arazi ¢ikiglar1 Nisan ay1 basi-Ekim ay1 sonu arasinda, 10 giin araliklarla
gerceklestirilmistir. Orneklemelerde darbe ve gozle kontrol yontemleri kullamlmistir. Sorveyler sonucunda,
Tingidae familyas tiirlerinin dogal diismani olarak; Coleoptera takimi1 Coccinellidae familyasindan; Coccinella
septempunctata (Linnaeus, 1758), Exochomus quadripustulatus (Linnaeus, 1758), Oenopia conglobata (Linnaeus,
1758), Stethorus gilvifrons (Mulsant, 1850), Hemiptera takimi1 Anthocoridae familyasindan; Anthocoris nemoralis
(Fabricius, 1794), Orius niger (Wolff, 1811), Orius vicinus (Ribaut, 1923), Miridae familyasindan; Deraeocoris
lutescens (Schilling, 1837), Stethoconus pyri (Mella, 1869) ve Neuroptera takimi Chrysopidae familyasindan;
Chrysoperla carnea (Stephens, 1836) olmak fiizere toplam 10 predator tiir saptanmistir. Hymenoptera takimi
Mymaridae familyasindan ise Erythmelus panis (Enock, 1909) tiirii yumurta parazitoiti olarak tespit edilmistir.
Tekirdag genelinde en ¢ok bulunan tiir S. pyri olmustur. Bu tiirii C. septempuctata takip etmistir. {lde en az bulunan
tirlerin ise sirasiyla A. nemoralis ve S. gilvifrons oldugu saptanmistir. Dogal diismanlarin yayihislarinin da
bulunma oranlariyla hemen hemen benzer oldugu belirlenmistir. Ilde bulunan tiim dogal diismanlarin Stephanitis
pyri (Fabricius, 1775) (Armut kaplani) ile beslendigi tespit edilmistir. O. conglobata’nin Armut kaplani diginda
Monosteira unicostata (Mulsant ve Rey, 1852) ile; A. nemoralis, O. niger ve O. vicinus’un da Corythuca ciliata
(Say, 1832) ile beslendigi kaydedilmistir. Tespit edilen dogal diismanlarin birgogu Tekirdag faunasi igin ilk kayittir.
Bu tiirler igerisinde, yapilan gozlemler ve el edilen bulgulara gore; Armut kaplani ile beslenen S. pyri ve C. ciliata
ile beslenen Orius tiirlerinin diger dogal diismanlara gore daha 6nemli oldugu diistiniilmektedir. Bu nedenle ileriye
yonelik caligmalarda, dncelikle bahsi gecen bu tiirlerin laboratuvar ve/veya arazi kosullarinda biyolojileri ve
etkinliklerinin arastirilmast daha uygun olacaktir.

Anahtar Kelimeler: Tingidae, Predator, Parazitoit, Odunsu bitkiler, Tekirdag, Turkiye.
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Abstract

This study was carried out to determine the natural enemies and distribution of Tingidae family species in Malkara,
Saray, Siileymanpasa, and Sarkdy districts in Tekirdag. Surveys were conducted on woody plants in 2011-2012.
Field surveys were carried out at 10-day intervals between the beginning of April and the end of October. Visual
inspection and shaking methods were used for sample collection. As a result of the surveys, as a natural enemy of
Tingidae family species belonging Coleoptera order from the Coccinellidae family; Coccinella septempunctata
(Linnaeus, 1758), Exochomus quadripustulatus (Linnaeus, 1758), Oenopia conglobata (Linnaeus, 1758),
Stethorus gilvifrons (Mulsant, 1850), Hemiptera order from Anthocoridae family; Anthocoris nemoralis (Fabricius,
1794), Orius niger (Wolff, 1811), Orius vicinus (Ribaut, 1923), from Miridae family; Deraeocoris lutescens
(Schilling, 1837), Stethoconus pyri (Mella, 1869) and Neuroptera order from Chrysopidae family; Chrysoperla
carnea (Stephens, 1836), a total of 10 predatory species were identified. Erythmelus panis (Enock, 1909) from
Mymaridae family of Hymenoptera order was determined as egg parasitoid. Stethoconus pyri was the most
common species in Tekirdag province, followed by C. septempuctata while A. nemoralis and S. gilvifrons were
the least common species, respectively. The distribution of natural enemies was almost similar to the rate of their
presence. It has been determined that all natural enemies in the province feed on Stephanitis pyri (Fabricius, 1775)
(Pear lace bug). O. conglobata with Monosteira unicostata (Mulsant & Rey, 1852), except the Pear lace bug; A.
nemoralis, O. niger and O. vicinus were also recorded to feed on Corythuca ciliata (Say, 1832). Many of the
detected natural enemies are the first record for Tekirdag fauna. Among these species, according to the
observations and the data obtained, S. pyri feeding on Pear lace bug and Orius species feeding on C. ciliata are
thought to be more important than other natural enemies. Therefore, in future studies, it would be more appropriate
to investigate the biology and activities of these species in laboratory and/or field conditions.

Keywords: Tingidae, Predator, Parasitoid, Woody plants, Tekirdag, Turkey.
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1. Giris

Diinyada genis bir yayilma alanina sahip ve 300 cinse ait 2500 tiirii bulunan, Hemiptera takimina bagh Tingidae
familyasi; diinyada dantel bocekleri (Guidoti ve ark., 2015), Tiirkiye’de ise Armut kaplanlar1 veya Ag kanath
tahtakurulari ismi ile taninmaktadir (Lodos, 1982). Ulkemizde bu familyadan yaklagik 89 adet tiir saptanmugtir
(Dursun ve Fent, 2017; Aysal ve Kivan, 2018a). Kozmopolit olan bu familyaya ait tiirler, otsu bitkilerin veya
agaclarin yumusak govdelerinin, yapraklarinin ve tireme organlarmin 6z suyu ile beslenen bocekler olup, tam
olarak fitofagtirlar (Péricart ve Golub, 1996). Armut, ayva, badem, elma, gibi meyve agaclarinda; domates,
patlican gibi sebzelerde; ay¢icegi, tiitiin, patates gibi tarla bitkilerinde; ates dikeni, ¢inar, kavak, mese gibi birgok
orman, park ve siis bitkilerinde; yabani otlarda ve yosunlarda beslenebilmektedirler (Lodos, 1982; Onder ve Lodos,
1983; Neal ve Schaefer, 2000; Bolu, 2007). Genel olarak 5 mm’den kiigiik boyda ve dantel goriiniimlii kanatlara
sahip bu bocekler, konukg¢u yapraklarinin alt yiiziinde bitki 6z suyunu emerek beslenmeleri sonucu, yapraklarin
kurumasina veya dokiilmesine sebep olurlar (Lodos, 1982). Dolayisiyla verdikleri bu zararla 6nemli verim kaybina,
bitkilerin zayiflamasina hatta 6liimiine sebep olabilirler. Ayrica bu familya igerisinde bitkilerde gal olusturarak
(Lodos, 1982) ve fungal patojenleri konukgularina tagiyarak zararli olan tiirler de bulunmaktadir (Prado, 1990;
Malumphy ve ark., 2007). Iliman iklimlerde ergin, yumurta, bazen de son nimf déneminde kiglarlar (Péricart ve
Golub, 1996).

Ulkemizde Tingidae familyasina bagh tiirlerle ilgili olarak, cesitli sérveyler esnasinda, daha cok tiir
tespitlerinin yapildigi ¢alismalar (Onder ve Lodos, 1983; Bolu, 2007; Aysal ve Kivan, 2011; Maral ve ark., 2013;
Yildirim ve ark., 2013; Kiigiikkbasmaci, 2014; Dursun ve Fent, 2017; Yiicel ve Kivan, 2018) ile baz tiirlerin
yayilislari, zararlari, biyolojileri ve miicadeleleri hakkinda arastirmalar bulunmaktadir (Giilpergin ve Onder, 1999;
Aysal, 2008; Aysal ve Kivan, 2007, 2008, 2018b; Kivan ve Aysal, 2011; Maral, 2021; Aysal ve Saglam, 2022).
Ancak dogal diismanlarmin belirlenmesine yonelik ¢alismalarin sinirl sayida oldugu dikkat cekmektedir (Onder
ve ark., 1986; Bolu, 2007; Kivan ve Aysal, 2009; Maral, 2012; Maral ve ark., 2014, 2020). Diinyada ise Tingidae
familyasi tiirlerinin predatérleri, parazitoitleri ve entomopatojenleri iizerine yapilmis arastirmalar az da olsa
literatiirde mevcuttur (Horn ve ark., 1983; Akbarzadeh-Shoukat, 2006; Tarasco ve Triggiani, 2006; Humeres ve
ark., 2009; Ji ve ark., 2011; Verfaille ve ark., 2011; Nair ve Braman, 2012; Shapiro-llan ve Mizell, 2012).

Diinyada artan niifusla paralel olarak, gida ihtiyaci artis géstermektedir. Bu ihtiyacin giderilmesi igin birim
alandan kaliteli ve daha fazla iiriin elde etmeye yonelik bir¢cok caligma yapilmaktadir. Bu ¢alismalar her ne kadar
iiriin verimi ve kalitesini artirsa da zararli, hastalik ve yabanci otlarin verdigi zararlardan kaynaklanan 6énemli
kayiplart da azaltmak gerekmektedir. Bu kaybi azaltabilmek i¢in zarar veren etmenlere karst uygun miicadele
yontemlerini belirlemek ve bu yontemleri dogru uygulamak gerekir. Miicadelede basar1 i¢in 6ncelikle zararlilarin
taninmasi, bunun yaninda dogal diismanlart hakkinda iyi bir bilgi birikimine sahip olunmasi énemlidir. Ayrica
¢evre ve insan sagligia dost miicadele yontemleri de tiretimin en 6nemli ihtiyaglarindan biri haline gelmistir. Bu
nedenle yapilan bu galigma ile Tekirdag ili’nde, tarim ve tarim dist odunsu bitkiler iizerinde bulunan Tingidae
familyasi zararli tiirlerinin dogal diismanlari belirlenmistir. Elde edilen bu bulgular bolge igin bu familyanin dogal
diismalar1 iizerindeki ilk kayitlardir. Bu kayitlar, 6zellikle kimyasal miicadeleye alternatif olan biyolojik
miicadeleye bir alt yap1 olusturmustur. Buna bagli olarak daha saglikli, kaliteli iiriin elde etmeye ve verim kaybini
engellemeye yonelik ¢calismalari yonlendirmek i¢in bir bakis agisi olugmasina referans saglamistir.

2. Materyal ve Metot

Calismanin ana materyalini Tekirdag li’ne bagli Malkara, Saray, Siileymanpasa ve Sarkdy ilgelerinde yetistiriciligi
yapilan meyve agaglari ile tarim dis1 alanlardaki odunsu bitkiler iizerinde bulunan Tingidae familyasima ait tiirlerin
dogal diismanlar1 olusturmaktadir.

2011-2012 yillarinda, Nisan ay1 basi-Ekim ay1 sonu arasinda yiiriitiillen ¢alismada, arazi ¢ikiglar1 periyodik olarak
10 giinliik araliklarla yapilmistir. Orneklemeler darbe (Steiner, 1962) ve gozle kontrol ydntemleri kullanilarak
gerceklestirilmistir. Sorveylerden toplanan ergin bocekler falkon tiiplere (50 ml) aktarilarak, ergin olmayan biyolojik
donemler ise bulunduklar1 av ve yapraklarla birlikte cam kavanozlara veya buzdolabi posetlerine alinarak laboratuvara
getirilmigtir. Sorveylerden canli olarak getirilen tiim ergin 6ncesi biyolojik donemler, bulunduklar bitki yaprag: ile
birlikte 9 cm boyutlarinda petri kaplarinda, 26+1 °C sicaklik, %60-70 nem ve 16:8 saatlik aydinlatmali kosullara sahip
iklim odasmda kiiltiire alinmistir. Petrilerin tabanina, bitki yapragmin daha ge¢ kurumasini saglamak igin, iki kath
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nemlendirilmis kurutma kagidi1 koyulmus, yapraklarin ucuna da nemlendirilmis pamuk sarilmugtir.

Predator olabilecegi diistiniilen tiirlerin erginleri ve ergin dncesi dénemleri, laboratuvarda ayr ayr1 olacak sekilde,
bulundugu Tingidae tiirii ve konuk¢u yapragr ile petrilerde (9 cm) kiiltiire alinmigtir. Bu tiirlerin birlikte bulunduklart
Tingidae tiirii ile beslenip beslenmedigi giinlilk olarak g6zlenmistir. Ayni zamanda tiim predator tiirlerin, Tingidae
tiirlerinin predatdrii olup olmadig ayrintili literatiir calismast ile belirlenmistir.

Parazitoitlerin belirlenmesi i¢in, Tingidae tiirlerinin yumurta, nimf ve erginleri ile bulasik yapraklar, laboratuvarda
stereo mikroskop altinda diger bocek tiirlerinden temizlenerek, Tingidae tiiriiniin her bir biyolojik dénemi ayr1 olacak
sekilde petri (9 cm) ve cam tiiplere (16 cm) aktarilmistir. Giinliik gozlemlerle bu dénemlerden ¢ikis yapan parazitoit
bireyler %70’1ik alkol igerisine alinarak etiketlenmistir.

Tingidae tiirlerinde hastalik etmenlerinin saptanmasi amaciyla, toplanan biyolojik donemler stereo mikroskop
altinda incelenmis ve hastalikli oldugundan stiphelenilenler, izolasyon ve patojenite testi i¢in petri kutularina ayrilmistir.

Teshis edilen her dogal diisman tiiriiniin sayisi, ilge, mahalle, konuk¢u, ay bazinda sayilarak belirlenmistir.
Belirlenen her bir dogal diisman sayisi toplanan birey sayisina oranlanarak, her bir tiiriin % deger cinsinden oOrani
saptanmuistir.

Sorveyler sonunda toplanan tiim 6rnekler teshise hazir hale getirilmis ve konunun uzmanlarma gonderilmistir.
Predator olarak saptanan Hemiptera takimi Anthocoridac ve Miridae familyalarina ait tiirlerin teshisi Dr. Berend
AUKEMA (Kortenburg, 31 6704 AV Wageningen, Netherland) tarafindan, Neuroptera takimi, Chrysophidae
familyasina ait tiirlerin teshisi Dr. Nesrin ONAR (Edirne Giizel Sanatlar ve Spor Lisesi, Merkez, Edirne, Tiirkiye)
tarafindan, Coleoptera takimi, Coccinellidae familyasina ait tiirlerin teshisi Dr. Ogr. Uyesi Derya SENAL (Bilecik
Seyh Edebali Universitesi, Tarim Bilimleri ve Teknolojileri Fakiiltesi, Bilecik, Tiirkiye) tarafindan yapilmustir.
Mymaridae (Hymenoptera) familyasina ait yumurta parazitoiti ise Dr. Emilian PRICOP (Natural Sciences Museum,
Piatra Neamt, Petru Rares No. 26, RO-610119, city: Piatra Neamt, Neamt County, Romania) tarafindan teshis
edilmigtir.

3. Arastirma Sonuglari ve Tartisma
3.1. Tekirdag Ili’nde Saptanan Tingidae Familyas: Tiirlerinin Dogal Diismanlart

Tekirdag Ili’nin Malkara, Saray, Siileymanpasa ve Sarkdy ilgelerinde, 2011 ve 2012 yillarinda yapilan sérvey
caligmalar1 sonucunda, Tingidae familyas: tiirlerinin dogal diigmani olarak; Coleoptera takimi Coccinellidae
familyasindan; Coccinella septempunctata (Linnaeus, 1758), Exochomus quadripustulatus (Linnaeus, 1758),
Oenopia conglobata (Linnaeus, 1758), Stethorus gilvifrons (Mulsant, 1850), Hemiptera takimi Anthocoridae
familyasindan; Anthocoris nemoralis (Fabricius, 1794), Orius niger (Wolff, 1811), Orius vicinus (Ribaut, 1923),
Miridae familyasindan; Deraeocoris lutescens (Schilling, 1837), Stethoconus pyri (Mella, 1869) ve Neuroptera
takimi1 Chrysopidae familyasindan; Chrysoperla carnea (Stephens, 1836) olmak iizere toplam 10 predatér tiir,
Hymenoptera takimi Mymaridae familyasindan ise Erythmelus panis (Enock, 1909) tiirii yumurta parazitoiti olarak
tespit edilmistir Orneklenen Tingidae familyas tiirleri iizerinde herhangi bir entomopatojen saptanmamistir.

3.1.1. Coccinella septempunctata (Linnaeus, 1758) (Coleoptera: Coccinellidae)

Sérvey sonuclari: C. septempunctata Tekirdag ili Malkara Ilgesi’nde 5 (Camiatik, Deliller, Evrenbey, Ishakgca,
Kirtiillii), Saray ilgesi’nde 5 (Bahgekdy, Biiyiikyoncali, Edirkdy, Kemalpasa, Kiigiikyoncali), Siilleymanpasa
ilcesi’'nde 7 (Altinova, Barbaros, Degirmenalti, Ferhadanli, Hiirriyet, Yazir, 100.Y1l) ve Sarkdy ilgesi’'nde 4
(Istiklal, Eriklice, Miirefte, Ugmakdere) mahallede tespit edilmistir. Orneklenen 71 adet C. septempunctata’nin
24’ Malkara, 17’si Saray, 18’1 Siileymanpasa ve 12’si Sarkdy ilgelerinden toplanmis ve tamami Armut kaplani
(Stephanitis pyri) ile iligkili olarak bulunmustur. Toplanan érneklerin 50 adedi elma (Pyrus malus), 6 adedi ayva
(Cydonia vulgaris) ve 15 adedi armut (Pyrus communis) agaglar {izerinde tespit edilmistir. C. septempunctata
Haziran, Temmuz, Agustos ve Eyliil aylarinda toplanmis ve en yogun Agustos ayinda bulunmustur.

Yurdumuzun hemen her bolgesinde bulunan tiir; Adana, Adiyaman, Aksaray, Amasya, Ankara, Antalya,
Artvin, Aydin, Balikesir, Burdur, Bursa, Canakkale, Denizli, Diyarbakir, Edirne, Elazig, Erzincan, Erzurum,
Eskisehir, Hatay, Igdur, Igel, Istanbul, Isparta, Izmir, Kahramanmaras, Karaman, Kars, Kayseri, Kirklareli, Konya,
Malatya, Manisa, Mardin, Mersin, Nigde, Osmaniye, Rize, Samsun, Siirt, Sanlwurfa, Tekirdag, Tokat, Van ve
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Yozgat illerinde kaydedilmistir (Yigit ve Uygun, 1982; Erkin, 1983; Kili¢ ve Aykag, 1989; Cevik, 1996; Ayyildiz
ve Atlihan, 2003; Tezcan ve Uygun, 2003; Becan ve ark., 2004; Bolu, 2004; Aslan ve Uygun, 2005; Isikber ve
Karci, 2006; Kaya, 2007; Ozcan, 2007; Elma ve Alaoglu, 2008; Portakaldali, 2008; Caglar, 2009; Yesilayer, 2009;
Keles, 2011; Yildirim ve Bagpinar, 2011; Keskin, 2012; Yanpar, 2013; Demirozer ve Karaca, 2014; Alaserhat ve
Giiglii, 2020; Coskun, 2021; Siinter, 2022).

Coccinellidae familyas: tilirlerinin uzun yillardir genis alanda biyolojik miicadelede kullanildigi, yaprakbitleri
bagta olmak iizere bir¢ok bocek tiiriiniin 6nemli dogal diismanlarindan olan C. septempunctata’nin da bu tiirlerden
birisi oldugu bilinmektedir (Uygun, 1981). Bu ¢alismada Armut kaplani ergin ve nimfleriyle bir arada bulunan C.
septempunctata erginlerinin laboratuvarda yiiriitiilen beslenme gozlemleriyle, bu tiiriin predatérii oldugu
saptanmistir. Onceki calismalarda Giineydogu ve Dogu Anadolu bdlgelerinde antepfistig1, badem ve kiraz ile
agaclarinda tespit edilen C. septempunctata’nin; Monosteira lobulifera, Monosteira unicostata ve Armut kaplani
ile (Bolu, 2007; Bolu ve ark., 2007); Diyarbakir, Mardin ve Elazig illerinde ise, tarim ve tarim dis1 alanlarda
odunsu bitkiler {izerinde M. lobulifera, M. unicostata, Physatocheila confinis ve Armut kaplani ile beslendigi
saptanmistir (Maral, 2012). Ayrica C. septempunctata’nin bahsi gegen tiirler diginda Tingidae familyasindan
Cochlochila bullita ve Stephanitis pyrioides’in de predatorii oldugu bildirilmistir (Neal ve Schaefer, 2000;
Klingeman ve ark., 2001).

3.1.2. Exochomus quadripustulatus (Linnaeus, 1758) (Coleoptera: Coccinellidae)

Sérvey sonuclar: E. quadripustulatus tiiriinden, Malkara Ilgesi’nde 2 mahallede (Camiatik, Evrenbey) 7 birey
ve Siileymanpasa Ilcesi’nde 4 mahallede (Altinova, Degirmenalt1, Hiirriyet, Kay1) 10 birey érneklenmistir. Elma
ve armut agaclarindan toplanan predatoriin sadece Armut kaplani ile iligkili oldugu saptanmistir. Toplanan 17
Ornegin 12’si elma agacinda, 5’i armut agacinda bulunmustur. Bu predatdre sorveyler boyunca Haziran’dan,
Ekim’e kadar tiim aylarda rastlanmig; ancak tiirlin en yogun bulundugu ayin Agustos ay1 oldugu belirlenmistir.

Yurdumuzda Akdeniz, Dogu Karadeniz, Ege, Giineydogu Anadolu ve I¢ Anadolu bélgelerinde yaygin olarak
bulunan bu tiir; Adana, Adiyaman, Ankara, Antalya, Aydin, Balikesir, Bursa, Denizli, Diyarbakir, Edirne, Elaz1g,
Erzurum, Hatay, Igdir, Isparta, Istanbul, Izmir, Kahramanmaras, Karaman, Kayseri, Konya, Malatya, Manisa,
Mardin, Mersin, Mugla, Samsun, Siirt, Sanliurfa, Tokat ve Van illerinde tespit edilmistir (Uygun, 1981; Yigit ve
Uygun, 1982; Erkin, 1983; Kili¢c ve Aykag, 1989; Yurtsever, 2001; Olmez ve Ulusoy, 2002; Tezcan ve Uygun,
2003; Bolu, 2004; Aslan ve Uygun, 2005; Sahbaz ve Uysal, 2006; Ozcan, 2007; Narmanlioglu ve Giiglii, 2008;
Ozgen ve Bolu, 2009; Yesilayer, 2009; Yildirim ve Bagpinar, 2011; Goziiagik ve ark., 2012; Keskin, 2012; Maral,
2012; Yigit ve Telli, 2013; Demirozer ve Karaca, 2014; Coskun, 2021; Siinter, 2022).

Literatiirde, E. quadripustulatus’un Tekirdag ili’nde bulunusu ile ilgili bir kayda rastlanmamustir.

Avlarmin bulundugu yerlerde ¢ok sik rastlanilan ve biyolojik savasta onemli bir avel olarak bilinen E.
gaudripustulatus’un Tingidae familyasindan Armut kaplami, M. lobulifera ve M. unicostata tiirleri ile iligkili
oldugu ve/veya beslendigi bildirilmistir (Uygun, 1981; Bolu ve ark., 2007; Maral, 2012).

3.1.3. Oenopia conglobata (Linnaeus, 1758) (Coleoptera: Coccinellidae)

Sérvey sonuglari: O. conglobata Malkara Tlgesi’nde 5 mahallede (Ahmetpasa, Deliller, Evrenbey, Ibribey,
Yenidibek), Saray Ilgesi’nde 1 mahallede (Kiigiikyoncal1), Siileymanpasa Ilgesi’nde 4 mahallede (Altinova,
Degirmenalt, Hiirriyet, Yukarikiligli) ve Sarkdy ilcesi’nde 3 mahallede (Bulgur, Cinarli, Hoskdy) tespit edilmistir.
Toplanan 30 6rnegin; 12’si Malkara, 2’si Saray, 9’u Siileymanpasa ve 7’si Sarkdy Ilgesi’nde bulunmustur. Bu
ornekler icerisinde sadece 1 birey Malkara flgesi Evrenbey Mahallesi’nde, ségiit yapraklarinda beslenen M.
unicostata tiirii ile iliskili bulunmus, diger tiim 6rnekler Armut kaplanu ile iligkili olarak elma (18 birey), armut (6
birey) ve ayvada (5 birey) tespit edilmistir. Tiire Temmuz-EKim arasinda tiim aylarda rastlanmis ve en yogun
Agustos ayinda tespit edilmistir.

Ulkemizin hemen her yéresinde bulunan O. conglobata’nin Adana, Adiyaman, Amasya, Ankara, Antalya,
Artvin, Aydin, Balikesir, Bursa, Denizli, Diyarbakir, Elazig, Erzurum, Hatay, Isparta, Izmir, Kahramanmaras,
Karaman, Kayseri, Konya, Manisa, Mardin, Mersin, Nigde, Rize, Samsun, Siirt, Sanliurfa, Tokat, Van ve Yalova
illerinde kaydedildigi bildirilmistir (Uygun, 1981; Erkin, 1983; Kili¢ ve Aykag, 1989; Olmez ve Ulusoy, 2002;
Ayyildiz ve Atlihan, 2003; Bolu, 2004; Aslan ve Uygun, 2005; Sahbaz ve Uysal, 2006; Bolu, 2007; Kaya, 2007;
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Elma ve Alaoglu, 2008; Narmanlioglu ve Giiclii, 2008; Portakaldali, 2008; Caglar, 2009; Yildirim ve Bagpinar,
2011; Hazir ve Ulusoy, 2012; Keskin, 2012; Hantas ve ark., 2014; Alaserhat ve Giiglii, 2020; Coskun, 2021; Siinter,
2022).

Oenopia conglobata’nin Tekirdag ili’nde kaydedildigine dair bir ¢aligmaya rastlanmamustir.

Mardin ili’nde badem agaglarinda O. conglobata’nin ilde en bol bulunan tiirlerden birisi oldugu ve Armut
kaplani, M. lobulifera ve M. unicostata ile beslendigi (Bolu, 2007); yine buna benzer, Diyarbakir, Elazig ve Mardin
illerinde yiiriitiilen bagka bir ¢caligmada tiiriin, tarim ve tarim dis1 alanlardaki odunsu bitkilerde bulunan Armut
kaplani, M. lobulifera, M. unicostata ve P. confinis tiirleri ile beslendigi belirlenmistir (Maral, 2012). Irak ve
[ran’da yiiriitiilen calismalarda ise kavaklarda zararli M. unicostata’nin dogal diismanlar1 arasinda O.
conglabata’nin da bulundugu bildirilmistir (Selim, 1977; Sadegi ve ark., 2009)

3.1.4. Stethorus gilvifrons (Mulsant, 1850) (Coleoptera: Coccinellidae)

Sérvey sonuclar: S. gilvifrons Tekirdag ili’nde sadece Siileymanpasa Ilgesi’nde 2 mahallede (Degirmenalts,
Hiirriyet) bulunmustur. Elma yapraklar: tizerinde Armut kaplani nimfleri ile beslenirken tespit edilen bu tiirden
sadece 7 birey 6rneklenmistir. Tiire Eyliil (3 birey) ve EKim (4 birey) aylarinda rastlanmustir.

Yurdumuzda Giineydogu Anadolu Bélgesi’'nde yaygm oldugu bildirilen S. gilvifrons; Adana, Adiyaman,
Ankara, Antalya, Aydin, Balikesir, Bursa, Canakkale, Diyarbakir, Elazig, Erzincan, Giimiishane, Hatay, Isparta,
[zmir, Kahramanmaras, Karaman, Konya, Manisa, Malatya, Mardin, Mersin ve Sanliurfa illerinde kaydedilmistir
(Uygun, 1981; Ciftci ve ark., 1985; Tezcan ve Uygun, 2003; Aslan ve Uygun, 2005; Bolu, 2007; Ozcan, 2007;
Elma ve Alaoglu, 2008; Caglar, 2009; Hazir ve Ulusoy, 2012; Varli ve ark., 2013; Alaserhat ve Giiglii, 2020;
Stinter, 2022).

Stethorus gilvifrons’un Tekirdag Ili’nde bulunusu ile ilgili bir bilgiye literatiirde rastlanmamustir.

Stethorus gilvifrons akarlarin 6zellikle de Tetranychidae familyas: tiirlerinin kontroliinde 6nemli bir biyolojik
kontrol ajani1 olarak bilinmekte olup (Uygun, 1981; Ciftgi ve ark., 1985; Senal ve Karaca, 1999; Bayoumy ve ark.,
2014; Jafari ve ark., 2023) yapilan ¢alismalarda Tingidae familyasindan Armut kaplani, M. lobulifera ve M.
unicostata tiirlerinin predatorii oldugu bildirilmistir (Bolu, 2007; Maral, 2012).

3.1.5. Anthocoris nemoralis (Fabricius, 1794) (Hemiptera: Anthocoridae)

Sérvey sonuclari: A. nemoralis tiirii Tekirdag ili’nde, Malkara Ilgesi’nde 2 mahallede (Cinarlidere, Saglamtas)
3 birey, Siileymanpasa ilcesi’'nde 1 mahallede (Yukarikiligh) 1 birey olarak bulunmustur. Dogada 3 bireyin elma
yapraklarinda Armut kaplani ile, 1 bireyin ise ¢marda (Platanus sp.) Corythuca ciliata nimf ve erginleri ile
beslendigi gozlemlenmistir. Tiire Temmuz, Agustos ve Ekim aylarinda rastlanmustir.

Ulkemizin hemen her yerinde bulunan A. nemoralis’in; Adana, Ankara, Antalya, Balikesir, Bolu, Burdur,
Bursa, Erzincan, Erzurum, Gaziantep, Giimiishane, izmir, Kastamonu, Kayseri, Kirikkale, Konya, Manisa, Mardin,
Mersin, Samsun ve Tokat illerinde tespit edildigi bildirilmistir (Onder, 1982; Erkin, 1983; Cift¢i ve ark., 1985;
Kilig ve Aykag, 1989; Cam, 1993; Cevik, 1996; Tezcan ve Onder, 2003; Onciil, 2006; Onder ve ark., 2006; EIma
ve Alaoglu, 2008; Yildirim ve ark., 2013; Matocq ve ark., 2014; Kaplan ve ark., 2016; Alaserhat ve Guiglii, 2020).

Literatiirde A. nemoralis’in Tekirdag ili’nde bulunusu ile ilgili bir kayda rastlanmamustir.

Yapilan ¢aligmalarda da Anthocoris tiirlerinin Armut kaplaninin, A. nemoralis tiiriiniin de C. ciliata’nin dogal
diismani oldugu bildirilmistir (Neal ve Schaefer, 2000; Anonim, 2014).

Avrupa’da ve yurdumuzda A. nemoralis’in, Psylidae familyas: tiirleri gibi bazi Onemli zararlilarin
popiilasyonlarin1 kontrol altina almada dnemli bir yere sahip oldugu ve bu amagla kitle {iretiminin yapildig:
bildirilmistir (Onder, 1982; Jerini¢-Prodanovié ve Proti¢, 2013; Carapezza ve Cusimano 2014). Tiiriin Tingidae
familyasi ile alakali olarak yapilan g¢alismalarinda ise; Anthocoris cinsine bagli Anthocoris nemorum tiiriiniin
Tingis cardui ve Stephanitis chinensis’in; Anthocoris minki minki tiriiniin Armut kaplani, M. lobulifera, M.
unicostata ve P. confinis’in; Anthocoris minki pistaciae tiiriiniin Armut kaplani, M. lobulifera, M. unicostata ve P.
confinis’in dogal diismani olduklar1 bildirilmistir (Neal ve Schaefer, 2000, Bolu 2007, Maral 2012).
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3.1.6. Orius niger (Wolff, 1811) (Hemiptera: Anthocoridae)

Sérvey sonuclari: Yapilan sérveyler sonucunda O. niger tiiriinden, Malkara Ilgesi’nde 3 mahallede (Alaybey,
Deliller, Dolukdy) 9 ornek, Saray Ilgesi’nde 2 mahallede (Beyazkdy, Kiigiikyoncal1) 6 &rnek, Siileymanpasa
Ilgesi’nde 5 mahallede (Altinova, Degirmenalti, Ferhadanli, Gazioglu, Koseilyas) 14 6rnek, Sarkoy Ilcesi’nde 3
mahallede (Cnarl, Ishakli, Mursalli) 4 6rnek toplanmustir. Doga ve laboratuvar gézlemlerinde, tiiriin elma (8 adet),
kiraz (Prunus avium) (3 adet), ayva (2 adet) veya armut (1 adet) yapraklarinda beslenen Armut kaplaninin, ¢mar
yapraklarinda ise C. ciliata’nin (19 adet) ergin ve nimflerini tiikettigi belirlenmistir. Toplanan birey sayisi
acisindan bakildiginda tiiriin, C. ciliata’y1 Armut kaplanina gére daha ¢ok tercih ettigi saptanmustir. En ¢cok Eyliil
ayinda toplanan O. niger’e Haziran, Temmuz, Agustos ve Ekim aylarinda da rastlanmistir.

Dogu, Bati, Kuzey Bat1 ve Giiney Anadolu’da yayilist gosteren O. niger; Adana, Adiyaman, Ankara, Antalya,
Artvin, Balikesir, Bayburt, Bursa, Canakkale, Diyarbakir, Edirne, Erzincan, Erzurum, Giimiishane, Igdur, Icel,
Istanbul, Izmir, Kars, Konya, Manisa, Nigde, Sanlurfa illerinde tespit edilmistir (Onder, 1982; Yigit ve Uygun,
1982; Olmez ve Ulusoy 2002; Ayyildiz ve Atlihan, 2003; Tezcan ve Onder, 2003; Becan ve ark., 2004; Onder ve
ark., 2006; Biiyiik, 2008; Yildirim ve ark., 2013; Kaplan ve ark., 2016; Yazici, 2019; Alaserhat ve Giiglii, 2020;
Pehlivan ve Atakan 2020; Tatlicioglu, 2021).

Literatiirde O. niger’in Tekirdag’da tespiti ile ilgili bir ¢aligmaya rastlanmamugtir.

Zararl boceklere kars etkili bir biyolojik miicadele ajani olma potansiyeline sahip, ekonomik énemde bir tiir
oldugu bildirilen O. niger’in (Onder ve ark., 2006) Tingidae familyasindan Armut kaplaninin dogal
diismanlarindan biri oldugu, Orius tiirlerininde C. ciliata ile beslendigi bildirilmis (Onder, 1982; Ji ve ark., 2011);
ancak ayrintili bir ¢alismaya rastlanmamistir. O. niger’in bahsi gegen tiir disinda Tingidae familyasindan Dictyla
echii’in yumurta ve I. nimf dénemi ile (Neal ve Schaefer, 2000), Orius insidius tiiriiniin ise C. ciliata’nin ¢mar
yapraklarina birakti1 yumurtalar ile beslendigi yapilan ¢alismalar ile belirlenmistir (Horn ve ark., 1983).

3.1.7. Orius vicinus (Ribaut, 1923) (Hemiptera: Anthocoridae)

Sorvey sonuglari: O. vicinus, Malkara’da 3 (Camiatik, Tetekdy, Yenidibek), Siileymanpasa’da 2
(Degirmenalti, 100.Y1l) ve Sarkéy’de 1 mahallede (Palamutkdy) tespit edilmistir. Toplanan 21 6rnegin 8 adedi
Malkara, 10 adedi Siileymanpasa, 3 adedi ise Sarkdy il¢elerinde saptanmistir. Tiirliin elma ve armut agaglarinda
Armut kaplani ile ¢inar agaglarinda da C. ciliata ile beslendigi belirlenmistir. Yapilan 6rneklemelerin 17 adedi
¢imnarda, 3 adedi elmada ve 1 adedi armutta bulunmustur. Sérveyler boyunca tiire en yogun Agustos ay1 olmak
iizere Haziran’dan Ekim’e kadar tiim aylarda rastlanmistir.

Ulkemizde Orta ve Giiney Anadolu Bélgeler’inde daha ¢ok bulunan O vicinus; Ankara, Antalya, Diyarbakir,
Elazig, [zmir, Kayseri, Konya, Mardin, Nigde ve Nevsehir illerinde tespit edilmistir (Bolu, 2007; Biiyiik, 2008;
Onder, 1982; Onder ve ark., 2006; Pehlivan ve Atakan 2020; Tatlicioglu, 2021).

Orius vicinus’un Tekirdag ili’nde kaydedildigine dair bir calismaya rastlanmamustir.

Yapilan ¢alismalarda da C. ciliata’nin dogal diismanlar1 arasinda Orius horvathi, O. insidiosus, O. majusculus
ve O. vicinus’un bulundugu bildirilmistir (Horn ve ark., 1983; Ji ve ark., 2011; Anonim, 2014). O. horvathi tiiriiniin
Tingidae familyasindan C. ciliata disinda Armut kaplani, M. unicostata ve M. lobulifera tiirlerinin de dogal
diismani oldugu belirtilmistir (Bolu, 2007). Ayrica O. insidius tiiriiniin Gargaphia solani’nin predatorii oldugu
(Kearns ve Yamamoto, 1981) tespit edilmistir.

3.1.8. Deraeocoris lutescens (Schilling, 1837) (Hemiptera: Miridae)

Sérvey sonuclari: D. lutescens tiiriine ait, Malkara {lgesi’nde 1 mahallede (Izgar) 1 6rnek, Saray Ilgesi’nde 1
mahallede (Kiigiikyoncali) 2 6rnek, Siileymanpasa Ilgesi’nde 2 mahallede (Degirmenalti, Husunlu) 4 &rnek,
Sarkdy Ilgesi'nde 4 mahallede (Bulgur, Ishakli, istiklal, Palamutkdy) 14 &rnek tespit edilmistir. Doga ve
laboratuvar gézlemlerinde D. lutescens’in ergin ve nimflerinin, 6zellikle Armut kaplaninin L. ve IT. nimf dénemleri
ile beslendigi belirlenmistir. Bu tiire ait ahlatta (Pyrus elaeagnifolia) 1, armutta 7, elmada 13 birey orneklenmis
ve ornekler sorveyin son aylari olan Agustos, Eyliil ve Ekim aylarinda toplanmistir. Ekim ay1 en bol bulundugu
ay olmustur.
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Ulkemizin tiim bélgelerinde yaygin bulunan bir tiir olup, Adana, Ankara, Antalya, Bartin, Bolu, Cankiri,
Corum, Eskisehir, Erzincan, Giimiishane, Izmir, Kahramanmaras, Karabiik, Karaman, Kastamonu, Kayseri,
Konya, Manisa, Nigde, Tokat, Yozgat ve Zonguldak bulundugu bildirilen illerdir (Yigit ve Uygun, 1982; Cam,
1993; Ulusoy ve ark., 1999; Lodos ve ark., 2003; Tezcan ve Onder, 2003; Onder ve ark., 2006; Kaplan ve ark.,
2016; Yazici, 2019; Alaserhat ve Giiglii, 2020).

Tekirdag ili’nde D. lutescens’in bulunusu ile ilgili bir kayda rastlanmamustir.

Literatiirde D. lutescens’in Armut kaplani ile iligkili olduguna dair bir bilgiye rastlanmamustir. Ancak yapilan
caligmalarda Deraeocoris nebulosus, D. flavilinea ve D. lutescens’in C. ciliata’nin (Horn ve ark., 1983; Neal ve
Schaefer, 2000; Anonim, 2014) ve Corythuca arcuata’nin (Wheeler ve ark., 1975) predatdrii, Deraeocoris sp.’nin
Armut kaplaninin predatérii (Akbarzadeh-Shoukat, 2006) oldugu kayitlidir. Ayrica Bolu (2007) Deraeocoris
sp.’nin M. lobulifera, M. unicostata ve Armut kaplaninin, Maral (2012) Deraeocoris serenus’un M. lobulifera, M.
unicostata, P. confinis ve Armut kaplaninin dogal diismani oldugunu belirlemislerdir.

3.1.9. Stethoconus pyri (Mella, 1869) (Hemiptera: Miridae)

Sérvey sonuclari: S. pyri Malkara flcesi’nde 10 (Ahmetpasa, Camiatik, Develi, Dolukdy, Evrenbey, Halickdy,
Hemit, Karaigdemir, Kavak¢esme, Kiirtiillii), Saray Ilgesi’nde 4 (Biiyiikyoncali, Kiiciikyoncali, Kemalpasa, Servi),
Siileymanpasa Ilgesi’nde 6 (Altinova, Degirmenalt1, Ferhadanli, Hiirriyet, Kay1, Koseilyas), Sarkoy Ilcesi’nde 3
(Bulgur, istiklal, U¢makdere) mahallede saptanmistir. Toplanan 6rneklerin 56’s1 Malkara, 17°si Saray, 75’
Siileymanpasa, 9’u Sarkdy ilgesi’nde bulunmustur. S. pyri’nin bulundugu tiim il¢elerde, sadece Armut kaplaninin
ergin ve nimfleri ile beslendigi gozlenmistir. Ayrica predator, ilde Armut kaplaninin en yogun bulundugu
donemlerde goriilmiis olup, bu donem Armut kaplaninin birinci doliinden sonraki donemlere denk gelmistir. S.
pyri arastirma bolgesinde, alt1 farkl bitki tizerinde tespit edilmistir. Tespit edildigi bitkilerde drnekleme sayilari;
armutta 24, ayvada 14, elmada 107, erikte (Prunus domestica) 2, kirazda 4, visnede (Prunus cerasus) 6 adettir.
Predatore, Haziran’dan Eyliil’e kadar tiim aylarda rastlanmistir. Bocegin en yogun bulundugu aylar ise Agustos
ve Eyliil aylar1 olmustur.

Tiir Tiirkiye’de Adana, Bursa, Izmir, Hatay, Tekirdag ve Sakarya illerinde tespit edilmistir (Onder ve ark.,
1986, 2006; Lodos ve ark., 2003; Kivan ve Aysal, 2009).

Stethoconus pyri’nin Armut kaplaninin en iyi bilinen ve bu zararliya 6zellesmis predatorlerinden biri oldugu
ve bu zararli ile iligkili olarak elma, kayis1 (Prunus armeniaca), seftali (Prunus persica), armut, ali¢ (Crataegus
orientalis), thlamur (Tilia spp.), kestane (Castanea sativa), kekreyemis (Vaccinium vitisidaea) ve bircok genis
yaprakl bitki iizerinde bulundugu bildirilmistir (Onder ve ark., 1986, 2006). Daha énce Tekirdag ili’nde, elma
yapraklari izerinde, Armut kaplani ile beslenirken belirlenen (Kivan ve Aysal, 2009) predatoriin, iilkemizde tespit
edildigi diger sehirlerde Haziran, Temmuz, Agustos ve Eyliil aylarinda dogadan toplandig1 belirtilmistir (Onder
ve ark., 1986).

Diinyada Stethoconus cinsine bagh sekiz tiiriin (S. bimaculatus, S. distanti, S. scutellaris, S. cyrtopeltis, S.
frappai, S. japonicus, S. praefectus, S. pyri) bulundugu ve bu tiirlerden en az altisinin Tingidae familyasi tiirlerinin
obligat predatorii oldugu degerlendirilmektedir (Mathen ve Kurian, 1972; Henry ve ark., 1986, 2009; Neal ve ark.,
1991; Holguin ve ark., 2009; Poorani ve ark., 2019; Ahmad ve ark., 2021; Noel ve ark., 2023). Bu cinse bagl S.
pyri lizerine basta da belirttigimiz gibi tiiriin tespiti diginda ayrmtili bir ¢aligma bulunmamaktadir. Ancak bu cinse
bagli bazt tiirler lizerine yapilan ¢alismalarda; S. japonicus tiiriiniin Stephanitis pyrioides’in (Henry ve ark., 1986)
ve Armut kaplaninin (Akbarzadeh-Shoukat, 2006) predatdrii oldugu ve S. pyrioides’e kars1 IPM calismalarinda
kullanilma olasiligimim bulundugu bildirilmistir (Neal ve Haldemann, 1992).

3.1.10. Chrysoperla carnea (Stephens, 1836) (Neuroptera: Chrysopidae)

Sorvey sonuglari: C. carnea Malkara’da 7 (Cinarlidere, Evrenbey, Halickéy, Hemit, Izgar, Karaigdemir,
Karamurat), Saray’da 1 (Sinanli), Siileymanpasa’da 3 (Ferhadanl, Hurriyet, Yazir), Sarkéy’de 4 mahallede
(Eriklice, Istiklal, Palamutkdy, Yorgiic) tespit edilmistir. Sérveyler sonucunda Malkara, Saray, Siileymanpasa ve
Sarkoy ilgelerinde, Armut kaplani ile iliskili olarak, toplanan 6rnek sayisi sirasiyla 15, 1, 7 ve 6 adettir. Toplanan
bu drneklerin bulundugu bitkiler; ahlat (4 adet), armut (7 adet), ayva (3 adet) ve elma (15 adet) agaclaridir. C.
carnea, Haziran, Temmuz, Agustos ve Eyliil aylarinda bulunmus ve Agustos ay1 en ¢ok toplandigi ay olmustur.

468



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(2)

Chrysoperla carnea yurdumuzun hemen her tarafinda az veya ¢ok bulunmaktadir. Adana, Adiyaman, Agri,
Aksaray, Amasya, Ankara, Antalya, Artvin, Aydin, Balikesir, Bitlis, Burdur, Bursa, Canakkale, Denizli,
Diyarbakir, Edirne, Elazig, Erzincan, Erzurum, Gaziantep, Giimiishane, Hakkari, Hatay, Igdir, Isparta, Istanbul,
[zmir, Kahramanmaras, Karaman, Kayseri, Kirklareli, Kirsehir, Kilis, Konya, Malatya, Mardin, Mersin, Mugla,
Nevsehir, Nigde, Ordu, Osmaniye, Samsun, Siirt, Tekirdag, Tokat, Trabzon, Sanliurfa ve Van tiiriin saptandigi
illerdir (Tozlu ve Alaoglu, 1994; Cevik, 1996; Ayyildiz ve Atlihan, 2003; Cinar ve ark., 2004; Isikber ve Karc,
2006; Elekgioglu ve Senal, 2007; Kaya, 2007; Onar, 2007; Kagar ve Ulusoy, 2011; Keles, 2011; Demirdzer ve
Karaca, 2014; Kaplan ve ark., 2016; Alaserhat ve Giiglii, 2020; Goriir, 2023).

Chrysopidae familyasi igerisinde, Tingidae familyasi tiirlerinin 6nemli dogal diismanlarinin bulundugu
bildirilmis olup (Rinehart ve Boyd, 2006); bu familyadan Armut kaplaninin predatorii olarak C. carnea ve bir
Chrysopa tiirii belirlenmistir (Akbarzadeh-Shoukat, 2006; Maral, 2012). C. carnea tiiriiniin Armut kaplani diginda
Tingidae familyasindan; Corythuca cydoniae, C. ciliata, Elasmotropis testacea, M. lobulifera, M. unicostata, P.
confinis ve S. pyrioides tiirleri ile de beslendigi, C. cydoniae ve S. pyrioides’in popiilasyonunu da etkili bir sekilde
azalttig1 bildirilmistir (Neal ve Schaefer, 2000; Shrewsbury ve Smith-Fiola, 2000; Sadegi ve ark., 2009; Ji ve ark.,
2011; Rui ve ark., 2011; Nair ve Braman, 2012; Maral, 2012; Anonim, 2014). Literatiirde, Chrysoperla rufilabris
tirtiniin C. cydoniae, C. ciliata, P. perseae ve S. pyrioides’in predatorii oldugu, P. perseae ile S. pyrioides tiirlerinin
kontroliinde timit verici goziktigii ve C. cydoniae tiirliniin popiilasyonunu 6nemli derece disiirdiigii tespit
edilmistir (Pefia ve ark., 1998; Horn ve ark., 1983; Rinehart ve Boyd, 2006; Pena ve ark., 2007; Humeres ve ark.,
2009; Pena ve ark., 2012; Anonim, 2014). Ayrica Chrysoperla nipponensis tiiriiniin C. ciliata’nin (Ji ve ark., 2011,
Rui ve ark., 2011); Chrysopa septempunctata’nin Metasalis populi’nin, Chrysopa sinica’nin M. populi’nin (Neal
ve Schaefer, 2000); Chrysopa exerior, Nodita vegana ve N. cerverai tiirlerinin de P. perseae’nin (Torre ve ark.,
1999) predatorii oldugu ve Chrysoperla lucasina’nin ise C. ciliata’nin bahar dénemine karsi biyolojik miicadelede
kullanilabilecegi (Verfaille ve ark., 2011) yapilan ¢aligmalarla belirlenmistir.

3.1.11. Erythmelus panis (Enock, 1909) (Hymenoptera: Mymaridae)

Sérvey sonuglart: Tekirdag ili’'nde yapilan sérveyler sonucunda E. panis tiirii sadece Siileymanpasa Ilgesi
Hiirriyet Mahallesi’nde saptanmistir. Cok az sayida toplanan tliriin armut (5 adet) ve elma (8 adet) agaglarinda
bulunan, Armut kaplaninin yumurtalarini parazitledigi belirlenmis ve tiire Temmuz ve Eylil aylarinda
rastlanmustir.

Erythmelus panis yapilan bu ¢alisma ile Tekirdag faunasinda ilk defa kaydedilmistir.

Hymenoptera takimi, Mymaridae familyasindan Erytmelus cinsine ait bir¢ok tiiriin Tingidae familyasi
tirlerinin yumurta parazitoitleri olduklar: ve bu tiirlerden E. panis’in de Tingidae familyasindan Armut kaplaninin
en iyi bilinen yumurta parazitoiti oldugu bildirilmistir. (Neal ve Schaefer, 2000; Triapitsyn, 2003; Triapitsyn ve
ark., 2007; Lotfalizadeh, 2015; Egonyu ve ark., 2022). Yapilan ¢alismalarda bu tiiriin elma agaglarinda beslenen
Armut kaplaninin yumurtalarini parazitledigi belirlenmistir (Akbarzadeh-Shoukat, 2006; Fallahzadeh ve Huber,
2011).

Erythmelus pannis disinda Erythmelus cinsne ait; E. tingitiphagus tiiriiniin Corythaica cyathicollis, Corythaica
monacha, Gargaphia lunulata, Leptodictya tabida ve Leptopharsa heveae tiirlerinin parazitoiti oldugu
belirlenmistir (Triapitsyn, 2003; Santos ve ark., 2012). Yine bu cinse ait Erythmelus vladimir’in Acanthocheila
armigera tiriinin; Erythmelus rex’in Corythaica venusta, Dictyla nassata ve Derephysia foliacea tiirlerinin
yumurtalarmi parazitledigi saptannustir (Triapitsyn, 2003). Ayrica E. teleonemiae’nin Armut kaplani ve M.
lobulifera tiirlerinin (Triapitsyn, 2003; Maral, 2012; Maral ve ark., 2014), E. klopomor’in C. arcuata (Puttler ve
ark., 2014) ile P. perseae’nin (Pefia ve ark., 2012); Erythmelus sp.’nin C. ciliata tiiriiniin (Horn ve ark., 1983; Neal
ve Schaefer, 2000) ve E. panis’in Stephanitis typica’nin (Poorani ve ark., 2019; Poorani ve ark., 2022) yumurta
parazitoitleri olduklar1 bildirilmistir.

Literatiirde Erythmelus cinsine bagl tiirlerin muhtemelen, tarimsal agidan zararl birgok Tingidae familyasi
tiirlinlin popiilasyonlarmi diizenlemede etkili olduklar1 bildirilmis; ancak biyolojik miicadele programlarinda
kullanilma olasiliklart bulunan bu parazitoitler hakkinda, yeterli bilginin bulunmamasindan dolay: pratikte
kullanilamadiklari belirtilmistir (Triapitsyn, 2003).
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3.2. Tespit edilen dogal diismanlarin Tekirdag ilindeki durumu

Tekirdag ili'nde, Tingidae familyas: tiirlerinin dogal diismanlarmi belirlemeye yonelik yapilan arazi ve
laboratuvar ¢alismalarinda; Tingidae familyasindan Armut kaplani, C. ciliata ve/veya M. unicostata tiirlerinin
parazitoiti ve/veya predatorii olarak toplamda 11 tiir belirlenmistir. Belirlenen bu dogal diismanlarin toplanan birey
sayilarina gore yogunluklari Sekil 1°de verilmistir. Sekil 1°de goriildiigii gibi, il genelinde en ¢ok bulunan tiir S.
pyri olmus ve bu tiirii C. septempuctata takip etmistir. Aragtirma boélgesinde en az bulunan tiirlerin ise sirasiyla A.
nemoralis ve S. gilvifrons oldugu saptanmistir. Dogal diigmanlarin yayiliglarinin da bulunma oranlariyla hemen
hemen benzer oldugu belirlenmistir (Sekil 2). Dogal diismanlar igerisinde, S. pyri’nin 23, C. septempuctata’nin da
21 mahalle ile en yaygin, E. panis, S. givifrons ve A. nemoralis tiirlerinin ise en az yayilig gosteren tiirler oldugu
tespit edilmistir.

E. panis

C.carnea

S. pyri

D. lutescens

O. vicinus

O. niger

A. nemoralis

S. gilvifrons
O.conglobata

E. quadripustulatus
C. septempunctata

% 38.96

Toplanan tiirler

% 17.61
0 10 20 30 40 50

Toplam birey sayis1 orani

Figure 1. Ratio of collected individuals of natural enemies detected on Tingidae family species in Tekirdag
province in 2011 and 2012

Sekil 1. Tekirdag ilinde 2011 ve 2012 yillarinda Tingidae familyast tiirleri iizerinde saptanan dogal
diismanlarin toplanan birey sayilart orani
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Figure 2. Number of neighborhoods where natural enemies were found on Tingidae family species in
Tekirdag province in 2011 and 2012 (unit)

Sekil 2. Tekirdag ilinde 2011 ve 2012 yillarinda Tingidae familyast tiirleri iizerinde saptanan dogal
diismanlarin bulunduklari mahalle sayilar: (adet)

Sorvey yapilan ilgeler igerisinde, Siileymanpasa dogal diismanlarin en bol bulundugu ilge olurken, bu ilgeyi
sirastyla Malkara, Sarkdy ve Saray ilgeleri takip etmistir. Ayrica Siilleymanpasa ilgesinde, tespit edilen tiim dogal
diismanlara rastlanirken (11 adet), Malkara’da dokuz, Sarkoéy’de yedi ve Saray’da alt1 tiir saptanmustir.

Aragtirma bolgesinde bulunan tiim dogal diigmanlarin Armut kaplani ile beslendigi belirlenirken, O.
conglobata’nin Armut kaplani diginda M. unicostata ile; A. nemoralis, O. niger ve O. vicinus’un da C. ciliata ile
beslendigi tespit edilmistir. Buna baglh olarak dogal diismanlarin bilyiik bir ¢ogunlugu da Armut kaplaninin
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konukg¢usu oldugu armut, ahlat, ayva, elma, erik, kiraz ve visne agaclarinda bulunmustur. Bu agaclarin diginda
dogal diigmanlara ¢mar ve sogiit agaclarinda da rastlanmigtir. Dogal diismanlarin toplandigr bu dokuz agag
icerisinde elma, hem iizerinde tiim dogal diigmanlarin tespit edilmesi, hem de dogal diismanlarin en yogun
bulundugu aga¢ olmasi ile dikkat ¢gekmektedir. Elmadan sonra dogal diismanlarin en bol bulundugu agaclar ise
armut, ayva ve ¢inar olmustur. Tespit edilen tiir sayis1 ve toplanan birey sayisinin en diisiik oldugu agag ise sogiit
agact olarak belirlenmistir.

Sorveyin yapildig1 sezon igerisinde Agustos ay1 dogal diigmanlarin en fazla bulundugu ay olmus ve bunu
sirastyla Eyliil ve Temmuz ay1 takip etmistir. Dogal diismanlarin tespit edildigi diger aylar olan Haziran ve EKim
aylar ise tiirlerin en az bulundugu aylar olarak belirlenmistir.

4. Sonug

Tekirdag ili’nde Tingidae familyas: tiirlerinin dogal diismani olarak 10 predatér tiir ile bir yumurta parazitoiti tiir
tespit edilmistir. Tespit edilen tiirler i¢erisinde toplanan birey sayilar1 agisindan en bol bulunan tiir predator Stethoconus
pyri olmustur. Armut kaplaninin yumurta parazitoiti olarak belirlenen Erythmelus panis tiirii ise Tekirdag faunast i¢in
yeni kayittir. Konukgularina bagli olarak dogal diismanlar sirasiyla en ¢ok elma, armut, ahlat, ayva, erik, kiraz, visne,
¢nar ve sogiit agaclarinda bulunmustur. Mevsim igerisinde dogal diismanlara en ¢ok Agustos ayinda rastlanmustir.

Stethoconus pyri’nin sérveyler esnasindaki gozlemlerinde, Armut kaplaninin diisiik sayilarda bulundugu bahgelerde
etkin olabildigi; ancak il genelindeki meyve bahgelerinde Armut kaplaninin popiilasyonunu yeterli diizeyde baski altina
alamadig1 gozlenmistir. S. pyri’nin zararh tizerindeki etkinliginin yetersiz olmasinm, dogada gériilme zamaninin geg
ve olusturdugu popiilasyon yogunlugunun az olmasindan kaynaklandigi diistiniilmektedir. Bu popiilasyon
diisiikliigliniin nedenlerinden birisinin ilaglama, digerinin ise ilaglamaya bagli av sayisinin diislisii oldugu kanisina
varilmigtir. Buna ragmen S. pyri dogada Armut kaplaninin popiilasyonunun dalgalanmasinda bir role sahiptir. Bu
yiizden bu tiiriin laboratuvar veya dogada etkinligi iizerine ¢aligmalarin yapilmasi 6nem arz etmektedir.

Calismada S. pyri diginda Orius tiirlerinin, C. ciliata’nin bulasik oldugu agaglarda bol ve yaygin olarak bulunmasi
dikkat ¢ekmistir. Bu nedenle C. ciliata’nin kontrolii iizerine yapilacak ileriye yonelik ¢aligmalarda, bu tiirlerin goz
6nitinde bulundurulmasinin faydali olacagi kanaatine varilmustir.

Tekirdag ilinde sadece Armut kaplani {izerinde 11 dogal diigmanin tespit edildigi ve bu tiirlerin Armut kaplani
disinda birgok bocek tiirii ile beslenebildikleri de gz dniine alirsa; hem Armut kaplant hem de diger zararlilar igin
uygulanan kimyasal miicadelede, dogal diismanlarin yogun bulundugu temmuz ve agustos aylarinda, gereksiz pestisit
kullanimindan kaginilmasinin ve/veya selektif pestisitlerin kullanilmasinin, ekonomik agidan oldugu gibi, insan ve
cevre sagligi agisindan da daha uygun olacag: diisiiniilmektedir.

Sonug olarak, yapilan bu calisma Tekirdag ili’nde odunsu bitkilerde bulunan Tingidae tiirlerinin dogal
diismanlarmim belirlenmesi agisindan bir ilk olmasinin yani sira, bulunan dogal diismanlarin bircogunun da ilde ilk
kayitlarinin gergeklesmesini saglamustir. Elde edilen bu bulgular bundan sonra yapilacak c¢aligmalara bir temel ve
kaynak olusturacaktir.

Tesekkiir

Bu calisma Tekirdag Namik Kemal Universitesi NKUBAP tarafindan NKUBAP.00.24.DR.12.02 numarali proje ile
desteklenmistir.
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