Journal of Tekirdag
Agricultural Faculty

Tekirdag Ziraat Fakdiltesi Dergisi

Issue: 4
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 4 Aralik / December 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

Omer AZABAGAOGLU, 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

@ Journal of Tekirdag
0 a Agricultural Faculty
Tekirdag Ziraat Fakiltesi Dergisi

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

Yayin Tarihi / Publication Date Aralik / December 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
Yayin 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 4 Aralik / December 2023

icindekiler / Contents

Arastirma Makaleleri / Research Articles

Alteration of Wheat Source-Sink Relation by Nitrogen and Spikelet Removal ... 731-739
Hassan HEIDARI

Makarnalik Yerel Bugday Genotiplerinin (Triticum durum L.) Baz1 Tarimsal Ozellikler Bakimindan
KAIAKEEIIZASYONU. ... ..ttt ettt e b et st et et e st ese e b e e be e b e b e b e st e s essebeebeebesb et e s enseseebeetesbesbessenbessensareareas 740-754
Abdurrahman DURMAZ, Hiisnii AKTAS

Determination of Oil Quality Factors and Fatty Acid Compositions of Some Peanut Varieties ...........cccoceevreennerennen. 755-764
Mustafa YILMAZ, Cenk Burak SAHIN, Resat YILDIZ, Necmi ISLER

Formulation of SCP-Based Coconut Sugar Marketing Model Through Analysis of Marketing Patterns in
Central JAVa ProVINCE, INOONESIA........cueiiiiictie ittt ettt ettt e et e st e e bt esae e e sttesat e e et eseateesbeesabeesbesesbeesatesbessreeesseesns 765-772
Pujiharto PUJIHARTO, Sri WAHYUNI

Carbon Nanotubes (CNTS) and Frankincense Nanoparticles as Promising Insecticides to Control Onion Thrips ......... 773-783
Abdulla N. Ali, Akram A. Mohammed, Sahar M. Jawad

Image Processing and Traditional Machine Learning Based Classification of Brown Marmorated Stink
Bug (Halyomorpha Halys) Defected Hazelnut ..................... PR 784-798
Omsalma Alsadig Adam GADALLA, Yesim Benal OZTEKIN

Agricultural Production Connectedness and Networks in TUIKIYE..........ccviieeiiiiinicnc i 799-810
Tiirker Agikgoz

Toprakta Farkli Derinliklerde Gomiilii Ipomoea triloba L. ve Convolvulus arvensis L. Tohumlarinin Cikis
Derinligi ve Cimlenme Oranlarinin BelirleNmeSi.........ccuciviiiiiiiiiniicieeesc e e 811-820
Mine OZKIL, ilhan UREMIS

Hububat Ureticilerinin Lisansli Depoculuga Bakis Acisi: Yozgat 1li Yerkoy lgesi Ornegi......c.coocvierceeierocrrierennne, 821-831
Zehra Meliha TENGIZ, Merve AYYILDIZ

Hus Agacinda Zarar Yapan Nematus (=Croesus) septentrionalis (L., 1758) (Hymenoptera: Tenthredinidae)’in
211 V0] (o) 1] OO SO OOUTRSOU PSPV PTTPTRPRRURON 832-844
Ahmet Bugra AYKAC, Onder CALMASUR

Ozmotik Dehidrasyon ve Mikrodalga Kurutma ile Birlikte Limon Halkalarinin Kurutma Kosullarinin
OPLIMIZASYONU ANAIIZE ...tttk b e bbb h e h e bt bt bt st et et e bt e bt e bt et e nbe et e e et ebeaneas 845-856
Zehra YILDIZ, Siileyman REYHAN

Evaluation of Wild Annual Sunflower Species for Some Morphological, Phenological, and Agronomic
Characters under FIeld CONGITIONS ........c.oiviieiiiieie ettt se et sbe st st e st et e st eteebesbestebeseensarearens 857-870
Fadul ONEMLI, Giirkan ONEMLI

The Physical, Chemical, Sensory Properties and Aromatic Organic Substance Profile of Kefir Added
Citrus Fruits in DIifferent PrOPOITIONS. ........covoiiiiiiiieee ettt e ettt b et sa b e et eresne s 871-878
Halil ibrahim BINICI, Cihat OZDEMIR, Salih OZDEMIR

Germination and Seedling Properties of Lotus corniculatus L. Under Simulated Drought Stress .........ccccovevieiininennas 879-889
Ramazan BEYAZ

InDel Variations of PRL and GHR Genes Associated with Litter Size in Pirlak Sheep Breed ..........c.ccoooeevieiiniinnnenn 890-897
Sude ATAY, Kadriye Gul YURDAGUL, Umit BILGINER, Taki KARSLI, Eymen DEMIR

Fertility Characteristics of Soils in Different Stream Beds under Transitional Climate Conditions..............cccccvvevvennnias 898-917
Bahadir ATMACA

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 4 Aralik / December 2023

icindekiler / Contents

Arastirma Makaleleri / Research Articles

Sarapeilik Atig1 ile Yapisi Giiglendirilmis Balik Jelatininin Reolojik Ozellikleri Uzerine pH ve Gamma

Isinlamanin Kombine EAKIST1viiviitiieieee ettt PRI 918-932
Tuncay GUMUS, Deniz Damla ALTAN KAMER, Giilce Bedis KAYNARCA, Tugba GUNAYDI

Evaluation of the Impacts of Climate Change on Sunflower with Aquacrop Model...........ccccovevieiviiiiieieie s 933-947
Hiidaverdi GURKAN

Determination of Bioremediation Potentials and Plant Growth-Promoting Properties of Bacillus Species
Isolated from The Rhizosphere of Dactylorhiza urvilleana ...................... s 948-958
Ulkii Zeynep UREYEN ESERTAS, Arif BOZDEVECI, Emel UZUNALIOGLU, Sengiil ALPAY KARAOGLU

Genetic Diversity of Kirklareli Honey Bee (Apis mellifera L.) Populations in Thrace Region of Turkey: Identification of
Mitochondrial COI and ND5 GENE REGIONS........ccruiueirueirieiirieiereeteieie sttt seste e e ssesesteteseate s ebesessesesteseseesensenesesens 959-966
Ilknur GOZE, Fulya OZDIL

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

59030, Degirmenalti — Tekirdag / TURKEY



Aralik/December 2023, 20(4)

»
. . B /Received: 13/07/21
J o t CI f Journal of Tekirdag Agricultural Faculty A Afcc(fr')vtzd: 24108123

DOI: 10.33462/jotaf.970364
Tekirdag Ziraat Fakiiltesi Dergisi

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

ARASTIRMA MAKALESI RESEARCH ARTICLE

Alteration of Wheat Source-Sink Relation by Nitrogen and Spikelet Removal

Hassan HEIDARIY
Abstract

The source and sink relationships determine the amount and distribution of biomass in plants. Field and laboratory
experiments were conducted to study the effect of nitrogen rate and spikelet removal on seed yield and germination
traits of wheat. The field experiment was conducted employing sink manipulation (no spikelet removal and Y2
spikelet removal) and source manipulation (nitrogen rate of 0, 75, and 150 kg ha™). This study was performed as
a factorial experiment in a randomized complete block design with three replications. Seeds obtained from the
field experiment were subjected to determine the effect of the sink and source manipulation on seed germination
traits in the laboratory experiment. Results showed that most traits under study were not affected by source and
sink manipulation. Seed yield and seed weight were not affected by spikelet removal and varying nitrogen
applications. Although some of the wheat spikelets have been removed, those plants have been able to maintain
the number of seeds per spike and the weight of a single seed. The use of nitrogen at the spike emergence stage
did not affect the seed yield of the Pishtaz cultivar. Nitrogen needed for the seeds could be compensated by the re-
mobilization of nitrogen from various plant organs such as the stem. Nitrogen application of 150 kg ha* with the
removal of % spikelets improved seed germination (%) and vigor comparing control (no spikelet removal with no
nitrogen application). Considering that seed yield and seed weight did not change under the influence of source
and sink manipulation, it can be concluded that Pishtaz wheat is more sink-limited than source-limited.

Keywords: Biomass, Germination, Harvest index, Plant nutrition, Seed vigor, Triticum aestivum L.
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1. Introduction

In crops, the organ in which food is made is called the source and the place where food is stored is called the
sink. If the sink is small, the plant yield will not be high. Even if the sink is large but the source is limited, the
yield will be low (Smith et al., 2018). More dry matter accumulation in some new wheat cultivars is associated
with a higher allocation of photosynthate to the reproductive parts of the plant, which increases by more nitrogen
uptake from the soil (Zhang et al., 2020). Nitrogen fertilization significantly increased grain yield in wheat.
Nitrogen applied in spring and split-application of nitrogen led to higher seed yield than in autumn application
(Ghimire et al., 2021). Elimination of old fruits decreased the respiration rate and increased the sugar content of
new fruits (Zhou et al., 2000). In maize, the removal of 50% of the cob due to sink limitations had minimal
remobilization (Falihzade et al., 2013). Uhart and Andrade (1991) reported that maize grown in the temperate zone
had both sink and source constraints. While Seebauer et al. (2010) reported that in maize, grain compounds have
source limitations. Mohammadi et al. (2014) reported that there is more sink limitation in new wheat and work
needs to be done to increase the sink capacity.

In two tomato cultivars, photosynthesis was not affected by the source-sink change, but the net assimilation
rate of tomatoes increased with an increasing source-sink ratio (Matsuda et al., 2011). In a study of the relationship
between the source and the sink of three wheat varieties, it was observed that the single-grain weight decreased
with the removal of the flag leaf and penultimate leaf and increased with the removal of the spikelet. This shows
that wheat grain yield is more source-limited than sink-limited and more attention should be paid to increasing the
source (Xiao-li et al., 2022). Manipulation of wheat source and sink showed that removal of half spikelets caused
an increase, but defoliation caused a decrease in single grain growth. These changes show that the studied wheat
cultivar has both sink and source limitations (Lv et al., 2020). Manipulating the relationship between source and
sink with methods such as nitrogen fertilizer and trimming in wheat genotypes did not affect grain weight, but it
affected grain quality (Arata et al., 2023). Ma et al. (1996) observed that the removal of wheat spikelets increased
the grain weight of the responsive cultivars, but there was no difference in final grain weight between 50 and 75%
removal of spikelets. In the study of the relationship between the source and the sink, it was observed that the
removal of half of the spikelets caused a decrease in the number of grains in the spike, the weight of a single spike,
and the weight of the whole grain of wheat (Wang et al., 2021). In the conditions of drought stress, the removal of
wheat spikelets increased grain yield and 1000-grain weight by 35 and 21%, respectively (Abdoli et al., 2013). In
maize, leaf removal resulted in significant remobilization of stem reserves, which did not completely alleviate seed
weight loss. Seed weight was more sensitive to decreasing source-sink ratio than green leaf area duration (Abeledo
etal., 2020). In canola, partial removal of pods and complete leaf removal at full flowering reduced pods per plant
and yield. Supplementary irrigation increased yield without affecting the average grain weight. Canola yield is
limited by the size of the sink at the flowering stage and by the source at the grain-filling stage (Zhang and
Flottmann, 2018). Nitrogen is one of the most consumed nutrients that can be involved in the power of the source.
Nitrogen consumption increased yields in crops such as wheat (Akdag and Zengin, 2020) and soybean (Glycine
max (L.) Merrill) (Basal and Szabo, 2020).

The maternal plant environment can affect the germination characteristics of produced seeds (Kathleen, 2009;
Sales et al., 2013; Sanchez et al., 2022). In Sinapis arvensis, it was observed that nitrogen enrichment of the
maternal plant environment reduced the germination percentage of produced seeds, which is probably due to the
induction of dormancy in the seeds (Luzuriaga et al., 2006). The addition of nitrogen to the maternal plant
environment in Potentilla tanacetifolia significantly affected seed production, seed weight, and seed germination
(Li et al., 2011). Environmental conditions during sunflower seed growth on the mother plant regulated seed
dormancy rate. Seed dormancy at harvest time was a function of growth cycle length and seed drying rate on the
mother plant (Lachabrouilli et al., 2021). Adding nitrogen to the medium of the mother plant increased the
germination percentage and decreased the germination time of the Perennial Grass Leymus chinensis (Trin.) Tzvel
seeds (Zhao et al., 2021).

There are limited studies on the effect of source and sink constraints on the germination characteristics of crop
seeds. Therefore, this research was designed to determine the seed yield and germination characteristics of wheat
seeds under varying source and sink relationships.
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2. Materials and Methods
2.1. Field experiment

The field experiment was conducted on Chamchamal Plain located 40 km from Kermanshah (latitude 34
degrees north, longitude 47 degrees east, and altitude 1300 meters above sea level). The mean annual precipitation
in the region is 442 mm (IMO, 2012). Chamchamal Plain has a high groundwater level and the groundwater level
in April reaches about 1.5 meters from the soil surface (Razzaghmanesh et al., 2004).

2.1.1. Agronomical practices

The land used last year was under maize cultivation. In the fall of 2012, the land was plowed by a moldboard
plow. Then phosphorus fertilizer at the rate of 266 kg ha was used. Wheat (Triticum aestivum) seeds of the Pishtaz
cultivar with 98% germination at the rate of 333 kg ha* were sown manually on November 10th. This cultivar was
introduced by the Cereal Research Department, Seed and Plant Improvement Institute, Karaj, for cultivation in the
temperate climate of Iran. Pishtaz wheat is relatively late and somewhat sensitive to plant loading and high yield.
In spring, at the beginning of stem elongation, 300 kg ha™* of urea fertilizer was applied as a top dressing. The most
important weeds were wild oats (Avena sp), wild mustard (Sinapis arvensis), lady's bedstraw (Galium verum), and
reed (Phragmites sp.). 2, 4-D + MCPA herbicide was used to control broad-leaved weeds. Wheat sunn pest was
one of the pests observed in the field which was controlled with a suitable pesticide. During the growing season,
the plants were irrigated three times (spike emergence stage, grain milk stage, and grain dough stage) by the surface
method.

2.1.2. Experimental design and sampling

This study was performed as a factorial experiment in a randomized complete block design with three
replications. The size of the plots was one square meter and the distance between the plots was considered to be
one meter and the distance between the repetitions was two meters. The time of the wheat spike’s emergence was
May 10, 2013. The time of applying the treatments was May 15th. Experimental treatments included sink
manipulation (no spikelet removal and removal of half spikelets) and source manipulation (consumption of 0, 75,
and 150 kg N ha'?) at the spike emergence stage. The spikelets were removed with a cutter. Nitrogen was used as
a top dressing. The amounts of nitrogen used at the spike emergence stage are in addition to the amounts used at
the start of stem elongation.

At the time of harvest (June 27), three plants per plot were randomly selected. These plants represented that
plot. Spike length, spike weight, stem and leaf weight, number of seeds per spike, single seed weight, seed yield,
and biological yield were scored. The biological yield was obtained from the total weight of the leaf, stem, and
seed. Plant samples were weighed on a digital scale. A ruler with millimeter precision was used to measure the
spike length. To measure the weight of a single seed, firstly 100 seeds were selected and weighed, then divided by
100. The harvest index was computed by dividing seed yield by biological yield.

2.2. Laboratory experiment

This study was designed to investigate the effect of the maternal plant environment (source and sink
manipulation) on the germination characteristics of seeds obtained from the field experiment. After separating the
seeds from the mother plant, the seeds were kept at room temperature for one week. This study was conducted at
Razi University as a factorial experiment in a completely randomized design with three replications in July 2013.
Wheat seeds were sterilized with 1% sodium hypochlorite solution for 10 minutes and washed immediately with
water. Twenty wheat seeds were placed on a filter paper in each disinfected Petri dish. 8 mm of sterile distilled
water was poured into each Petri dish and the Petri dishes were kept at 30°C for one week. Three seedlings per
Petri dish were used to measure caulicle length, radicle length, seedling weight, and seed vigor. To measure the
seed germination percentage, seeds that had two millimeters of caulicle growth were counted as germinated. The
germination percentage was obtained by dividing the number of germinated seeds by all the seeds inside each Petri
dish. Seed vigor was calculated using Heidari et al. (2013) equations (Eqg. 1, 2).

Seed vigor based on length (% cm) = Seed germination percentage X Seedling length (cm) (Eq. 1)
Seed vigor based on weight (% g) = Seed germination percentage X Seedling weight (g) (Eq.2)
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In the above equations, the seedling length is the sum of the radicle length and the caulicle length. The seedling
weight is the sum of the radicle weight and the caulicle weight.

2.3. Statistical analysis

MINITAB statistical software was used to find outlier data and test normality. The data were first analyzed by
SAS statistical software and PROC GLM procedure. Then Duncan's test was used at the 5% probability level to
compare the mean of the data. SPSS statistical software was used to calculate correlation coefficients between
traits using Pearson's method.

3. Results and Discussion
3.1. Field experiment

Variance analysis of data showed that nitrogen and removal of spikelets had no significant effect on stem and
leaf weight, spike weight, seed yield, seed weight, biological yield, and harvest index in wheat (Table 1). The
removal of half spikelets had a significant effect on the number of seeds per spike and the length of the spike in
wheat (Table 1).

3.1. 1. Stem and leaf weight and spike length

A comparison of the mean data showed that there was no difference between the studied treatments in terms
of stem and leaf weight (Table 2). Probably the weight of the stem and leaves reached its maximum weight at the
stage of spike emergence, and from this stage onwards, the reproductive part should have gained weight. The
length of the spike was reduced by removing half of the spikelets (Table 2). This is perfectly normal because half
of the spike is removed at the time of flowering. Nitrogen consumption of 75 kg ha' improved the spike length
compared to nitrogen consumption of 150 kg ha™. Excess nitrogen may stimulate the growth of vegetative parts
of the plant, although in this study the difference in stem and leaf weight was not significant. She et al. (2023)
reported that nitrogen consumption of more than 150 to 240 kg per hectare did not affect wheat grain yield and
growth. Spike length had a significantly positive correlation with most of the studied traits (Table 3). Spike length
had a significantly negative correlation with seed weight (Table 3). This indicates that the seed weight increases
with a decreasing number of seeds per spike.

3.1.2. Number of seeds per spike and weight of spike

Removing half of the florets only when nitrogen was not used or a small amount of nitrogen (75 kg ha) was
used, reduced the number of seeds per spike compared to treatment of 75 kg N ha* with no spikelet removal (Table
2). Spike’s weight was not affected by any of the treatments. It seems that if, at the early stages of spike emergence,
stress occurs, the plant loses some of its seeds, and the Pishtaz cultivar can compensate. Source constraints at the
time of wheat seed filling reduced the number of seeds per unit area (Uhart and Andrade, 1991). The number of
seeds per spike and the weight of the spike had a significantly positive correlation with most of the studied traits
(Table 3). The number of seeds per spike had a significantly negative correlation with seed weight (Table 3). This
indicates that the seed weight increases with a decreasing number of seeds per spike.

3.1.3. Seed yield and seed weight

Seed yield and seed weight were not affected by experimental treatments (Table 2). It seems that although
some of the wheat florets have been removed, this plant has been able to maintain the number of seeds per spike
and the weight of a single seed, which, ultimately, seed yield was not affected by treatments. The use of more
nitrogen at the spike emergence stage did not affect the seed yield of the Pishtaz cultivar. Perhaps the plant provided
the nitrogen needed for the seeds by re-mobilization nitrogen from organs such as the stem or soil nitrogen was
enough for the seeds to grow. It is not possible to say here which factor (source or sink) limits the yield of the
Pishtaz cultivar because seed yield has not changed under the influence of these two factors. Uhart and Andrade
(1991) reported that source limitation during wheat grain filling reduced grain weight. In the study of the
relationship between the source and sink in rice, it was seen that increasing the ratio of spikelet to leaf led to more
allocation of nitrogen and biomass to the spike instead of the leaf and caused an imbalance between the source and
the source (Li et al., 2023). Seed yield had a significantly positive correlation with most traits except seed weight
and stem and leaf weight (Table 3).
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3.1.4. Biological yield and harvest index

Biological yield and harvest index were not affected by source and sink manipulation (Table 2). The formed
biomass of wheat may have been relatively completed at the spike emergence stage and at this stage, there has
been a re-mobilization of material from the vegetative parts to the reproductive parts. Respiration of this cultivar
may have lost part of the current photosynthetic reserves of the leaves, or it can be said that the current
photosynthesis of the plant was not to the extent that it caused a significant increase in plant dry matter. However,
some carbohydrates are lost by re-remobilizing material from vegetative parts such as the stem, which act as
temporary food storage. Removal of wheat spikelets did not increase sucrose flow and starch accumulation in the
remaining grains (Jenner, 1980), which is consistent with the results of our study. The harvest index had a
significantly positive correlation only with seed yield and was not correlated with other traits (Table 3). This
indicates that the harvest index is more important than other traits in increasing plant yield, and plant breeding
work to manipulate the source and sink of wheat can focus on this trait.

Table 1. Analysis of variance (mean square) of the effect of spikelet removal and nitrogen on wheat traits

Source of Stem Seed Spike Spike Seed Seed Biological  Harvest
variation df and leaf  number length  weight  yield weight yield index
weight  per spike
Block 2 0.052" 57.4m 2.28™ 0.085™ 0.089™  0.00003" 0.211" 164.7™
Spikelet removal (S) 1 0.042"  317.5" 30.42™  0.411™ 0.228™ 0.00007™ 0.186™ 239.8"
Nitrogen (N) 2 0.012"  25.7™ 2.40m 0.019"™ 0.004™ 0.00005™  0.030™ 9.7m
SxN 2 0.001"™  59.2™ 2.22m 0.077™ 0.049™ 0.00003™  0.090™ 3.4
Error 10 0.011 36.6 1.44 0.132  0.072 0.00004 0.205 64.0

** "=significant at the probability level of 1 and 5%, respectively. "=non-significant

Table 2. Mean comparisons of wheat seed yield and yield-attributed traits under spikelet removal and nitrogen

fertilizer
Stem and Seed Spike Spike Seed Seed Biological  Harvest
leaf number . . . . .
Treatments weight oer length  weight yield weight yield index
@plant)  spike (cm)  (g/plant) (g/plant) () (9/plant) (%)
SIN1® 0.6322 20.3%® 8.0 1.532 1.08 @ 0.0362 2.162 49.8%
SIN2 0.6912 3292 892 1.652 1.14 @ 0.0342 2352 4794
SIN3 0.708 @ 229 6.6 1332 0.96 2 0.044 2 2.042 50.02
S2N1 0.719° 18.3° 48° 1144 0.76 @ 0.0412 1.86% 40.8 2
S2N2 0.781°2 19.9° 55¢ 1182 0.81° 0.043 2 1.96% 4118
S2N3 0.823¢2 21.7® 54¢ 1292 0.94° 0.043 2 211 44,02

2S1 and S2 represent no spikelet removal and ' spikelet removal, respectively. N1, N2, and N3 represent nitrogen applications of 0,
75, and 150 kg ha %, respectively.
® Means with the same letter in each trait have no significant difference according to Duncan's Test (P < 0.05).

3.2. Laboratory experiment

Analysis of the variance of the data showed that nitrogen and removal of spikelets had no significant effect on
germination percentage, caulicle length, radicle length, and seedling weight of wheat (Table 4). The interaction
effect of nitrogen and the removal of spikelets had a significant effect on the seed vigor based on weight of wheat
(Table 4). Nitrogen had a significant effect on the seed vigor based on length of wheat (Table 4).

3.2.1. Seed germination percentage

A comparison of mean data showed that removing half of the florets with 150 kg N ha* had the highest
germination percentage (Table 5). The removal of several florets may have increased the share of the remaining
florets in obtaining the nutrients needed for seed growth, although this became significant when high nitrogen was
available to the plant. Seed germination percentage is significantly positively correlated only with seed vigor
(Table 6). Seed germination percentage is one of the components of seed vigor, so the correlation between these
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two traits has become significant. In the study of the effect of fertilization of wheat mother plant with four amounts
of nitrogen (0, 50, 100, and 150 kg ha™), it was observed that 150 and 100 kg N ha* had the highest seed
germination percentage and seed vigor, respectively (Paneru et al., 2017).

Table 3. Correlation coefficients between wheat seed yield and yield-attributed traits under spikelet
removal and nitrogen

Stem and Seed Spike Spike Seed Seed Biological Harvest

wﬁzl;mt pnel:'TSieI:e length  weight yield weight yield index
Stem and leaf weight 1 -.648 -.688 -.604 -.529 .684 -.320 -.651
Seed ”s‘:)’:“kke’er PEr 648 1 990" 992" 952%™  -g81" 922" 730
Spike length -.688 .990™ 1 9777 943"  -831" .890" .785
Spike weight -.604 .992™ 977" 1 .981™  -.842" .948™ 770
Seed yield -.529 952" .943™ .981™ 1 -.734 .953™ .834"
Seed weight .684 -.881" -.831" -.842" -734 1 -731 -.413
Biological yield -.320 922" .890" .948™ 953"  -731 1 .652
Harvest index -.651 .730 .785 770 .834" -.413 .652 1

*

Significance at the level of 0.05 and 0.01
3.2.2. Caulicle and radicle length and seedling weight

A comparison of mean data showed that source and sink manipulation did not affect caulicle and radicle length
and seedling weight (Table 5). Although the removal of some florets was expected to increase the chances of other
florets absorbing nutrients and nitrogen consumption could increase caulicle and radicle length and seedling
weight, these traits were not affected. There may have been enough nitrogen in the soil, or the plant may have had
enough nitrogen storage in the vegetative organs during the spike stage, or nitrogen may not be absorbed from the
soil at this stage. Caulicle length had a significantly positive correlation with radicle length and seedling weight
(Table 6). The addition of nitrogen to the environment of the mother plant in Potentilla tanacetifolia significantly
reduced the seedling weight produced by adding nitrogen to the seedling environment (Li et al., 2011).

Table 4. Analysis of variance (mean square) of the effect of spikelet removal and nitrogen on seed
germination traits in wheat

Seed vigor Seed vigor

Source of variation df  Germination CIZ‘:;[CP:E T::Q;:rl‘e S;Z?é:]tg (based on (based on
weight) length)
Spikelet removal (S) 1 830.0™ 0.022" 0.005"™  0.000003"  0.000019" 28.4™
Nitrogen (N) 2 885.6™ 10.34™ 1.770™  0.000008™ 0.000026" 75.9"
SxN 2 1085.9™ 3.75™ 2.150™  0.000003"  0.000034" 22.1™
Error 12 277.7 3.218 2.685 0.000005 0.000008 9.5

“=significant at the probability level of 5%. "=non-significant
3.2.3. Seed vigor

Under conditions where high nitrogen (150 kg ha') was used and half of the florets were removed, seed vigor
increased compared to the treatment in that the source and sink were not manipulated (Table 5). An increase in
seed vigor based on length was also observed when the highest amount of nitrogen was used and spikelets were
not removed. Seed vigor is a good indicator of seed germination, especially in adverse conditions such as dryland
soils. Therefore, it can be said that a cultivar such as Pishtaz in terms of seed vigor has both source and sink
limitations. The recommendation that can be made based on the results of this section is that it is necessary for the
mother plants used to produce seeds to be supplied with nitrogen, even at the stage of spike emergence, to have
seeds with high seed vigor. These results also confirm nitrogen restriction as the most important nutritional factor
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in plants. Therefore, it is necessary to use nitrogen as a split application even at the beginning of the reproductive
stage. Heidari et al. (2013) reported that high nitrogen consumption with complete defoliation reduced seed vigor
compared to control. The difference in results is probably due to the difference between defoliation and spikelet
removal because, under defoliation conditions, the source is limited, but by removing part of the spikelets,
sufficient photosynthetic material is provided for other spikelets.

Table 5. Mean comparisons of wheat seed germination traits under spikelet removal and nitrogen fertilizer

@ Treatments Gerr?ol/: )a tion Ieﬁgtuhl '(Cclfn) Rad"(;::nlf ngth Seedling weight (g) Sei&)‘g?” Sig/?, ::lrlg;) d
SIN1® 35.0° 6.6% 9.2° 0.013% 0.0046 ° 5.65°
SIN2 65.0® 10.18 10.0¢ 0.0172 0.0111 % 8.77®
SIN3 66.7%® 10.32 1128 0.016? 0.0106 ® 14322
S2N1 68.3 8.2 9942 0.016% 0.0106 % 12.18 %
S2N2 30.0° 9.72 1092 0.0172 0.0048 © 5.23°
S2N3 83.32 8.82 992 0.016? 0.0130° 15.62 2

2S1 and S2 represent no spikelet removal and % spikelet removal, respectively. N1, N2, and N3 represent nitrogen applications of 0, 75, and
150 kg ha %, respectively.

® Means with the same letter in each trait have no significant difference according to Duncan's Test (P < 0.05).

Table 6. Correlation coefficients between wheat seed germination traits under spikelet removal and nitrogen

Germination  Caulicle Radicle Seedling  Vigor (based Vigor (based

percent length length weight on weight)  on length)
Germination percent 1 323 -.009 312 .988™ .921™
Caulicle length 323 1 .820" .900" 446 .320
Radicle length -.009 .820" 1 .643 .075 201
Seedling weight 312 .900" .643 1 431 .226
Seed vigor (based on weight) .988™ 446 .075 431 1 .887"
Seed vigor (based on length) 921" .320 .201 .226 .887" 1

* xx

Significance at the level of 0.05 and 0.01

4, Conclusions

Manipulation of source and sink did not affect seed yield and seed weight, it can be concluded that the Pishtaz
wheat is more sink-limited than source-limited. It is recommended that breeders focus on increasing the sink
strength of Pishtaz wheat. It is also recommended to evaluate the effect of manipulation of source and sink by
nitrogen and removal of spikelets on other wheat cultivars.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Makarnalik Yerel Bugday Genotiplerinin (Triticum durum L.) Baz1 Tarimsal Ozellikler
Bakimindan Karakterizasyonu

Characterization of Durum Wheat (Triticum durum L.) Landraces Regarding to Some
Agronomic Traits

Abdurrahman DURMAZ?, Hiisnii AKTAS?"

Oz

Bu calisma, 2019-2020 bugday yetistirme sezonunda Mardin ili Artuklu Ilgesi yagisa dayali sartlarinda Augmented
Deneme Desenine gore planlanarak Giineydogu Anadolu Bolgesine 6zgii 80 adet yerel makarnalik ve 10 adet
standart ¢esit kullanilarak yiiriitiillmustiir. Deneme, her blokta 20 adet yerel genotip ve 10 adet kontrol ¢esit olacak
sekilde diizenlenmistir. Glineydogu Anadolu Bolgesine 6zgii bu yerel makarnalik ¢esitlerin karakterizasyonunun
amaglandigi ¢alismada; yerel bugday gesitlerinin ve kontrol ¢esitlerinin alinan gdzlemleri sirastyla tane verimi 229
kg/da- 371 kg/da; biyolojik verimleri 1313 kg/da —1218 kg/da; bin tane agirliklar1 42.9 g — 40.15 g, basaklanma
giin sayist 117.8 giin-111 giin; protein oran1 % 18.02 - % 14.94 arasinda degismistir. Elde edilen verilere gore,
yerel bugday c¢esitlerinin bitki boyu, biyolojik verim, tanede protein orani bakimindan kontrol ¢esitlerinden daha
yiiksek degerlere sahip oldugu tespit edilirken, tane verimi bakimindan ise kontrol ¢esitlerin daha yiiksek degerlere
sahip oldugu tespit edilmistir. Yerel ¢esitlerin, modern 1slah ¢esitlerine gore daha ge¢ basaklandigi ve yesil kalma
stiresinin daha uzun oldugu gozlemlendigi calismada, yerel cesitlerin daha ¢ok kislik gelisme tabiatina sahip
ozellikler tagidigi, ozellikle tanede protein oranin ve biyolojik verimin artirilmasi ¢aligmalarinda gen kaynagt
olarak kullanilabilecek ¢ok sayida potansiyel yerel gesit oldugu tespit edilmistir. Elde edilen verileri GGE biblot
analiz metodolojisine gore degerlendirilmis, yapilan degerlendirmede, tane verimi (TV), basakta tane sayist
(BSTS), basakta tane agirligi bakimindan ST8 (kontrol) G80 (yerel) genotipleri en yiiksek degerlere sahip
olmusglardir. Yerel genotipler bin tane agirhgi (BTA), peduncle uzunlugu (PU), bitki boyu, tanede protein orani
(TPO), biyolojik verim (BV) ve basaklanma giin sayis1 (BGS) bakimindan daha yiiksek degerlere sahip olurken,
bu 6zellikler agisindan G8 (yerel) en yiiksek degerlere sahip olmustur. Incelenen 6zellikler bakimindan genis bir
varyasyona sahip oldugu tespit edilen bu yerel ¢esitlerinin korunmasi ve gelecek kusaklara aktariimasi konusunun
o6nemli oldugu ve ayni zamanda ulusal ve uluslararas1 bugday 1slah programlarinda kullanilabilecek yararl
ozelliklere sahip oldugu tespit edilmistir.

Anahtar Kelimeler: Yerel ¢esit, Makarnalik bugday, Tane verimi, Kalite
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Abstract

This research was conducted in 2019-20 wheat growing season under rainfall condition of Mardin - Artuklu
province. 80 durum wheat landraces originated from Southeast Anatolia and 10 registered durum wheat cultivars
were evaluated according to Augmented Trail Design. 20 landraces and 10 cultivars were used for each bloc. We
determined large variations in durum wheat landraces for observed traits. Results indicated that mean of observed
traits of landraces and varieties were ranged between 229 kg/da - 371 kg/da for grain yield; 1313 kg/kg — 1218
ka/kg for biomass, 18.02 % - 14.94 % for grain protein content. Mean thousand kernel weight of landraces and
standard varieties changed between 42.9 g and 40.15 g; heading days ranged from 117.8 to 111 days respectively.
According to observed data, landraces had longer heading days and grain stage and also higher grain protein
content and biomass compare to standard varieties. Results of this study showed that landraces has high potential
to increase biomass and grain protein content and they can be used as a genitor in wheat breeding programs to
improving desirable durum wheat genotypes. Observation according to GGE biplot methodology (which-won-
where) indicated that ST8 (Check) and G80 (landrace) have high values for grain yield, number of seed pers spike,
seed weight per spike while G8 (landrace) showed high values for thousand grain weight, length of peduncle, plant
height, grain protein content, biomass and heading days. Obtained results from this study indicated that landraces
should be preserved for sustainable agriculture activities specially for marginal areas, also they have high diversity
and useful traits for national and international wheat breeding programs.

Keywords: Landraces, Durum wheat, Yield, Quality
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1. Giris

Diinyada genel olarak iiretimi yapilan bugdaylar ekmeklik (Tr. aestivum L., 2n =42 AABBDD) ve makarnalik
(Tr. durum L.; 2n= 28 AABB) bugdaylardir (Ozkan ve ark., 2002). Durum bugday: diinya genelinde daha az
oranda tiretim imkani olan 6zel bir iiriindiir. Diinya genelinde tiiketilen Makarnalik bugday Latince dilinde sert
anlamina gelen “’durum’’ kelimesinden tiiretilmistir. Yiiksek protein orani, sert tane yapisi ve yogun sar1 renk
pigmenti nedeniyle kaliteli makarna, bulgur ve irmik yapimia uygun olan durum bugday1 (Tr. durum L.) diinya
genelinde 16.7 milyon hektar ekim alanina ve yaklagik 38 milyon ton iiretime sahiptir (International Grains
Council, 2020). Diinyada en fazla durum bugday1 iireten iilkeler Kanada, italya, Avrupa iilkeleri ve Tiirkiye ilk
siralarda yer almaktadir (International Grains Council, 2020). Tiirkiye’de durum bugdayi ekim alani 1.3 milyon
hektar olup, 4.5 milyon ton iiretime sahiptir (TUIK., 2018). Tiim diinya genelinde oldugu gibi Tiirkiye’de de durum
bugday1 tiretimi modern 1slah ¢esitlerinin tohumlugu kullanilarak yapilmaktadir. Bu 1slah ¢esitlerinin eski ¢esitler
ve yerel cesitlere kiyasla kisa bitki boyuna sahip olmasi, sulu tarima uygun olmasi, azotlu giibrelere tepkisinin
yiiksek olmasi ve tane veriminin ¢ok yiiksek olmasi nedeniyle gegmiste tiretimde kullanilan yerel durum bugday
gesitlerinin marjinal alanlarda diisiik oranda iretimde kullanilmasina sebep olmustur. Giiniimiizde, gelecekte
yasanacak muhtemel kiiresel iklim degisikligi gibi olumsuz kosullara adapte olabilecek genis bir varyasyona sahip
bu yerel ¢esitlerin korunmasi ayri bir 6neme sahiptir. Islah ¢aligmalarinda, eski ¢esitler, yerel ¢esitler, yabani tiirler
stres kosullarinda adaptasyonu saglayan gen varyasyolarina sahip olup bunlarin kaynak olarak kullanilmasit veya
gelecekte olugmast muhtemel olumsuz sartlara adaptasyon icin genetik kaynaklarin korunmasi ve kayit altina
alinmasi ayrica biiyiik nem arz etmektedir.

Yerel bugday cesitleri genig bir varyasyona, genetik olarak dinamik ve mutasyona ugradiklar1 ¢evrelerdeki
biyotik ve abiyotik stres faktorlerine karsi rekabet edebilme kabiliyetine sahip olduklari i¢in, yeni cesitler
gelistirirken, 6zellikle stres kosullart altinda ve gelecekteki iklim degisikligi kosullar1 altinda verim artigi, verim
bakimindan stabil ¢esit gelistirme ¢alismalarinda yerel bugday ¢esitlerinin kullanilmasi pratik bir strateji olarak
one ¢ikmaktadir (Akgura, 2011; Lopes ve ark., 2015). Son yillarda kiiresel iklim degisikligi ve bugdayda genetik
cesitlilik kaybimin artmasi, bugday gen kaynaklarmin énemini daha iyi anlamamiza vesile olmustur. Ozellikle
mevcut bugday gen kaynaklariin biyotik ve abiyotik stres kosullarina kars1 yetersiz kalmaya baslamasi, bugday
1slahgilaring, yerel bugday gesitlerine ve yabani bugdaylar kullanilarak elde edilen sentetik ekmeklik ve makarnalik
bugday genotiplerine yoneltmistir (Aktas, 2016). Bugdayda ¢ok sayida modern cesit ve ayni zamanda diger
tahillarin modern ¢esitleri genetik tabanlart dar ve genetik olarak benzer olmalari nedeniyle yeni genetik
kaynaklarin kullanimimi gerektirmektedir. Diinyada kiiltiir bugdaylarinin genetik tabaninin zenginlestirilmesi igin
de yerel bugday cesitleri tizerinde CIMMY T (Uluslararas1 Bugday ve Misir Geligtirme Merkezi), [CARDA (Kurak
ve Yar1 Kurak Alanlar i¢in Uluslararasi Tarimsal Arastirma Merkezi) ve uluslararasi bugday tohumculuk sirketleri
tarafindan yogun calismalar yapilmaktadir (Aktas ve ark., 2017). Ulkemiz bugday gen kaynaklar1 bakimindan
oldukga zengin olmasina ragmen yerel bugday genotipleri lizerinde ¢alismalar ve bu gen kaynaklarinin bugday
1slahinda kullanimi sinirli olmustur (Aktas ve ark., 2017).

Yerel bugdaylar Tiirkiye’de daha ¢ok makinelesmenin az, ekonomik olarak diisiik seviyedeki g¢iftci ve
bolgelerde, sulama imkan1 olmayan, gesitli stres faktorlerinin hakim oldugu alanlarda, ayn1 zamanda renk, tat koku,
kalite gibi istenilen 6zelliklere sahip olmalarindan dolay1, daha gok ev igi tiiketimi saglamak amaciyla iiretimi
yapilmaktadir. Bugday 1slahgilar1 da biyotik ve abiyotik stres kosullar1 igin yeni gesit gelistirme ¢aligmalarinda,
verimliligi ve kaliteyi artirmak igin, bu uygun genetik kaynaklara ilgi duymaktadir. Bu ¢alismalar yapilirken, bu
yerel bugdaylardaki genetik varyasyonun anlasilmasi, tespit edilmesi gerekmektedir. Bu siireg, istenilen 6zellikler
bakimindan genetik varyasyonun varligi, bu 6zelliklerin kolay ve pratik bir sekilde tespit edilmesi, seleksiyon ve
istenilen genlerin aktarilmasindan ibarettir.

Verimli Hilal (Mezopotamya) icerisinde yer alan Gilineydogu Anadolu bdlgesi bugdaym kiiltiire alindig:
alanlardan birisi olup, yerel bugday genotiplerinin halen yetistirildigi ve bu anlamda genetik ¢esitliligin var oldugu
alanlardan birisidir (Heun ve ark., 1997). Yerel bugday gen kaynaklar1 bakimindan iilkemiz ve ozellikle
Giineydogu Anadolu Bolgesi olduk¢a zengin olmasina ragmen bu gen kaynaklarinin karakterizasyonu sinirh
olarak yapilmis ve iilkemiz bugday 1slah programlarinda yeterince kullanilamamistir. Fakat {ilkemizin genelinde
oldugu gibi, Giineydogu Anadolu Bolgesinde de tohumculuk faaliyetleri, makinelesme ve sertifikali tohum
desteklemeleri gibi faktorler nedeniyle yerel ¢esitlerin kullanimi gittikge azalmakta ve var olan genetik gesitlilik
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yok olmaya baslamaktadir. Ozellikle, yerel bugday cesitlerinin yetistirildigi bolgelerde genis bir adaptasyon
kabiliyetine sahip olmasi ve yiizyillar boyunca degisik stres faktorlere ragmen varligini siirdiirebilme yetenekleri
nedeniyle, son yillarda diinyada yasanan kiiresel iklim degisikligi ve bu degisikligin gen kaynaklarinda
olusturacag diisiiniilen olumsuz etkisinden dolayt, iilkemiz ve diinya gida giivenligi bakimindan yerel bugdaylar
¢ok onemlidir (Lopes ve ark., 2015). Bu nedenle bu bdlgedeki yerel bugday genotiplerinin kayit altina alinmasi,
bunlardan yararlanarak bugday hatlarinin gelistirilmesi ve bunlarin ileride amaca uygun sekilde karakterize
edilmesi ve kullanilmasi ayni1 zamanda bu gen kaynaklarinin gelecek kusaklara problemsiz bir sekilde aktarilmasi
hayati 6neme sahiptir.

2. Materyal ve Metot
2.1. Bitki Materyali

Caligmada, Giineydogu Anadolu Bolgesinden toplanmis olan 80 adet yerel makarnalik genotip ve 10 adet
modern makarnalik bugday ¢esidi materyal olarak kullanilmigtir (Tablo 1).

Tablo 1. Calismada kullanilan bitki materyali

Table 1.Plant material used in study

Genotip Orjin Genotip  Orjin Genotip

Gl Adryaman-Gerger G31 Mardin-Midyat-Aligh Koyt G61 Cermik

G2 Adiyaman-Gerger G32 Mardin-Omerli G62 Cermik

G3 Adiyaman-Gerger G33 Mardin-Omerli G63 Cermik

G4 Kahta-Gerger Yol- Yiiksek K G34 Mardin-Midyat-Sogiitli Koy.  G64 Cermik

G5 Kahta-Gerger Yol- Yiiksek K G35 Mardin-Midyat-Sogiitlii Koy.  G65 Siverek

G6 Kahta-Gerger Yol- Yiiksek K G36 Mardin-Midyat-Sogiitli Koy.  G66 Siverek

G7 Kahta-Gerger Yol- Yiiksek K G37 Mardin-Midyat G67 Siirt-Kozluk Y
G8 Gerger-Kesentas Koyt G38 Mardin-Midyat G68 Siirt-Kozluk Y
G9 Gerger-Kesentas Koyt G39 Mardin-Midyat G69 Siirt-Kozluk Y
G10 Gerger-Kesentas Koyt G40 Mardin- Savur G70 Sirnak-Uludere
G11 Gerger-Kesentas Koyt G41 Mardin- Savur G71 Sirnak-Uludere
G12 Gerger-Kesentas Koyt G42 Mardin- Savur G72 Sirnak-Uludere
G13 Gerger-Kesentas Koyt G43 Mardin- Savur G73 Sirnak-Uludere
Gl4 Kahta-Gerger Yol- Yiiksek K G44 Midyat-Omerli Yolu G74 Sirnak-Uludere
G15 Kahta-Gerger Yol- Yiiksek K G45 Midyat-Omerli Yolu G75 Sirnak-Uludere
G16 Kahta-Gerger Yol- Yiiksek K G46 Midyat-Omerli Yolu G76 Sirnak-Uludere
G17 Adiyaman-Kahta-Giimiis K. G47 Midyat-Omerli Yolu G77 Siirt-Eruh Yolu
G18 Adiyaman-Kahta-Gimiis K. G48 Mardin-Midyat-Ovabah¢e K =~ G78 Siirt-Eruh Yolu
G19 Adiyaman-Kahta-Gimiis K. G49 Mardin-Midyat-Ovabah¢e K =~ G79 Siirt-Eruh Yolu
G20 Adiyaman-Kahta-Giimiis K. G50 Mardin-Midyat G80 Siirt-Eruh Yolu
G21 Gerger-Kahta Yolu G51 Mardin-Midyat G81 ST1 (Stumerli)
G22 Gerger-Kahta Yolu G52 Mardin-Midyat G82 ST2 (Sahinbey)
G23 Gerger-Kahta Yolu G53 Mardin-Omerli G83 ST3 (Hasan Bey)
G24 Gerger-Cifthisar Koyt G54 Mardin-Omerli G84 ST4 (Sariganak)
G25 Gerger-Cifthisar Koyt G55 Mardin-Omerli G85 ST5(Giiney Yildiz)
G26 Adiyaman-Kahta-Kirkpinar K G56 Diyarbakir- Cilingiis G86 ST6 (Artuklu)
G27 Adiyaman-Kahta-Kirkpinar K G57 Diyarbakir- Cilingiis G87 ST7 (Eyyubi)
G28 Mardin-Midyat-Ali¢li Koyt G58 Diyarbakir- Cilingiis G88 ST8 (Aydin-93)
G29 Mardin-Midyat-Ali¢h Koyt G59 Diyarbakir- Clingiis G89 ST9 (Firat-93
G30 Mardin-Midyat-Aligh Koyt G60 Diyarbakir-Cermik G90 ST10 (Ziihre)

*G1-G80 = Yerel Makarnalik Genotipleri ; G81- G90= Islah Edilmis Kontrol Cesitler

2.2. Tarla Kosullarinda Deneme Diizeni, Giibreleme ve Alinan Gézlemler

Deneme Augmented desenine gore kurulmustur. Her genotip 2 metre uzunlukta ve sira arast 50 cm olacak
sekilde ekimler 15 Kasim 2019 tarihinde yapilmistir. Her blokta 20 adet yerel genotip ve 10 adet kontrol gesit
olacak sekilde diizenlenmistir. Ekimle beraber 7 kg/da azot ve 7 kg/da fosfor (35 kg/da 20.20.0 Kompoze giibre),
iist giibrelemesinde ise 7 kg/da azot (15.3 kg/da Ure, % 46 azot) tatbik edilmistir. Yabanci ot miicadelesi elle
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yapilmistir. Tane verimi (TV, kg/da) Basaklanma giin say1s1 (giin, BGS), biyolojik verim (BV, kg/da), bitki boyu
(BB, cm), bin tane agirhg1 (BTA, gr), basakta tane sayis1 (BSTS, adet/basak) ve peduncle uzunlugu (PU, cm)
gozlemleri Gegit (1982)’1n kullandig1 yontemler esas alinarak elde edilmistir. Tanede protein orani ise NIT cihazi
kullanilarak tanede (AACC 39-10 metoduna gore % olarak) tespit edilmistir (Anonim, 1990).

2.3. Arastirma Yerinin Genel Ozellikleri

Bu ¢alisma, Mardin ili, Artuklu Ilgesi, Kiigiikkdy Mahallesinde yiiriitiilmiistiir. Toprak Analiz Laboratuvarinda
yapilan incelemede deneme alaninin biinyesinin killi-tinli, pH’sinim 7.71, tuz oraninim % 0.03 oldugu, organik
madde igeriginin % 2.1, kire¢ oraninin % 19.14, fosfor miktarinin 13.11 kg/da ve potasyum miktarmin 160.8 kg/da
oldugu tespit edilmistir.

2.4, Iklim ézellikleri

Denemenin yiiriitiildiigii bolge olan Mardin Ilinin 2019-2020 yetistirme sezonu meteorolojik verileri asagida
bulunan Tablo 2’de verilmistir.

Tablo 2. Mardin ili 2019-2020 iklim verileri
Table 2. Climate data of 2019-2020 season of Mardin

Yillar Ocak Subat Mart Nisan Mayis Haziran Temmuz Agustos Eylil Ekim Kasim Arahk

Sicaklk(°C) 2019 66 88 107 139 227 295 308 317 263 223 135 9.9
2020 36 38 107 141 199 262 315 29.9 203 228 120
oY 69 90 122 160 217 285 321 30.9 262 205 133 8.1
Yams (mm) 2019 441 274 958 797 492 163 17 01 03 327 118 545
2020 759 1028 1573 516 305 315 4 0 0 0 357
oY 3603 3315 5018 3762 3877 35 073 0.20 147 2451 3329 3353
Nem (%) 2010 865 87.5 867 943 95 30 3.0 3.0 30 30 30 30
2020 719 714 65 597 434 26 20.6 221 206 225 558
oY 716 661 690 630 470 251 210 27.6 305 383 507 655

*2019/2020 yillarina ait veriler Mardin Meteoroloji 1l Miidiirliigii kayitlarindan temin edilmistir.

2.5. Istatistiki Analizler

Istatistiki analizle Peterson (1985)’e (Augmented for Peremilary Yield Trial) gére Microsoft Excel
programi kullanilarak yapilmistir.

3. Arastirma Bulgulari ve Tartisma

Incelenen tiim 6zelliklere iliskin Varyans Analiz Tablosu Tablo 3’te verilmistir. Istatistiki analiz sonuclarina
gore calismada kullanilan kontrol ¢esitlerin incelenen tiim 6zelliklere ait ortama degerler arasindaki fark istatistiki
olarak (P<0.05) 6nemli bulunmustur.

Tablo 3. Calismada Incelenen Ozelliklere Ait Varyans Aanaliz Tablosu

Table 3. Table of variance analyse for examinated traits

TV BTS BTA BSTA BBS BV BU BB PU BGS TPO
VK SD KO KO
ST 9 4008**  425** 153** 1.2**  9.27** 76836** 5.1** 316** 91.4** 276 2455
BLOK 3 144 2.6 0.97 0.009 3.39 2566 023 17 0.89 0.8 0.002
HATA 27 69710 4.93 0.87 0.025 541 896 0.143 122 0.36 0.73 0.132
GENEL 39
CV (%) 7.1 4.5 2.32 6.02 11.1 2.5 5.1 3.6 2.7 7.7 2.4

*Gen : Genotip; TV: tane verimi; BTS: Basakta tane sayis; BTA: Bin tane agirligi; BSTA: Basakta tane agirhgy; BV: Biyolojik verim; BB:
Bitki boyu; PU: Peduncle uzunlugu; TPO: Tanede protein orani ; *, ** %5 ve %1 diizeyinde énemlidir. Od: énemli degil,
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3.1. Tane Verimi (kg/da, TV)

Kontrol gesitlerin bloklardaki tane verimi degerleri Tablo 4’te verilmistir. Elde edilen sonuglara gore, bloklarda
standart gesitlere ait ortalama degerler 350 kg/da ile 456 kg/da arasinda degismis, standart ¢esitlerin ortalamasi
371 kg/da olarak belirlenmistir. Tane verimine etki yapan ¢ok sayida morfolojik ve fizyolojik karakter mevcut
olup, ¢ogu karakter ayn1 zamanda ¢evre sartlarindan etkilenmektedir (Aktas, 2016).

Denemede kullanilan yerel bugday ¢esitlerinin tane verimi degerleri Tablo 5’te verilmistir. Yerel gesitlerin
birim alandaki tane verimi 92.98 kg/da ile 378.1 kg/da arasinda degismistir. Yerel gesitlerin ortalama tane verimi
229 kg/da, kontrol ¢esitlerin ise 371 kg/da olarak tespit edilmistir (Tablo 5). Yerel gesitler ile kontrol cesitler
kargilagtirildiginda, yerel gesitler en yiiksek tane verimine sahip standart ¢esit S7 (456 kg/da) ¢esidinden daha
yiiksek tane verimine ulasamazken, 3 adet yerel ¢esit G46 (378.13 kg/da), G79 (363.97 kg/da) ve G80 (362.03
kg/da) en diisiik verime sahip ST10 (350 kg/da) kontrol ¢esidinden degerinden daha yiiksek tane verimine sahip
olmus, sadece G46 genotipi (378.13 kg/da) kontrol gesitlerin ortalamasindan (371 kg/da) daha yiiksek tane
verimine sahip olmustur.

Yerel bugday cesitlerini konu alan bir¢cok ¢alismada bu genetik kaynaklarin daha ¢ok taglik, egimli, toprak
verimliligi diisiik, kuraklik, yiiksek sicaklik gibi tane verimini olumsuz olarak etkileyen stres kosullarinin
yasandig1 marjinal alanlarda 6zel adaptasyon gelistirdikleri, bu s6z konusu alanlarda ¢ok yiiksek olmayan fakat
modern 1slah g¢esitlerine kiyasla, kayda deger tane verimine ulasilabildikleri rapor edilmistir (Kan ve ark., 2017;
Aktas ve ark., 2018). Caligmamizin yiiriitiildiigii alanin toprak yapisi, bu alanin taban arazi olma 6zelligi ve en
o6nemlisi deneme siiresince diisen yagis miktarinin uzun yillara gore ¢ok yiiksek olmasi standart gesitlerin yerel
bugday genotiplerinden daha yiiksek tane verimine sahip olmasina katki yaptigini sdyleyebiliriz. Philipp ve ark.
(2018) 180 adet eski ve yerel cesit ile 210 adet elit 1slah ¢esidinin verim ve verim Ogeleri bakimindan
degerlendirdigi calismasinda; elit 1slah ¢esitlerinin eski ¢esit ve yerel ¢esitlere kiyasla % 38 daha verimli oldugunu
rapor etmistir. Yerel ¢esitlerin marjinal alanlara adaptasyonunu saglayan, morfolojik, fizyolojik 6zelliklerinin
belirlenip, bugday 1slah programlart kapsaminda bu o6zelliklerin 1slah ¢esitlerine aktarilmasi noktasinda
yararlanilmasi gereken bu genetik kaynaklarin korunmasi ve bu anlamda degerlendirilmesinin ¢ok dnemli oldugu
bildirilmistir (Akgura, 2011; Aktas, 2016).

Tablo 4. Calismada kullanilan standart ¢esitlerde incelen ézelliklerin ortalamasit

Table 4. Mean of examined traits for standart varieaties

TV BTS BTA BSTA BV BB BGS PU TPO
ST1 (Siimerli) 378 52.8 46.6 3.15 1067 91.3 110 205 15.15
ST2 (Sahinbey) 366 36.6 41.7 2.16 1163 90.0 110 19.3 14.97
ST3 (Hasan Bey) 354 580b 396 2.60 1026 90.0 112 215 14.37
ST4 (Saricanak) 361 45.7 44.4 2.97 1159 90.0 113 24.3 15.15
STS (G. Yildizi) 373 46.9 39.3 2.04 1070 103.8 113 25.0 13.98
ST6 (Artuklu) 352 47.8 45.7 3.18 1313 107.5 106 26.5 13.69
ST7 (Eyyubi) 456 54.4 35.2 2.58 1299 108.8 114 26.5 14.94
ST8 (Aydin-93) 364 715 33.8 341 1295 105.0 108 205 15.04
ST9 (Firat-93 351 38.6 34.2 1.78 1371 87.5 112 10.8 15.74
ST10 (Ziihre) 350 41.9 41.0 2.47 1418 87.5 113 255 16.35
Ort 371 49.4 40.2 2.63 1218 96.1 111 220 14.94
AOF (0.05) 12.1* 1.02* 0.43* 0.07* 13.8* 1.6* 0.39* 0.27* 0.17*
Blok1: -2.1 -0.3 0.40 -0.04 20 0.9 -0.4 0.4 0.0
Blok2: 5.4 -0.3 -0.33 0.01 -17 -11 0.2 0.1 0.0
Diizeltme Blok3: -3.1 0.8 -0.32 0.02 -8.0 14 0.3 -0.2 -0.02
Terimi Blok4: -0.2 -0.2 0.25 0.01 5.0 -1.2 -0.1 -0.3 0.02

*Gen : Genotip; TV: tane verimi; BTS: Bagakta tane sayis;; BTA: Bin tane agirligi; BSTA: Bagakta tane agirligi; BV: Biylojik verim; BB:
Bitki boyu; PU: Peduncle uzunlugu; TPO: Tanede protein orant; *, ** %5 ve %1 diizeyinde énemlidir.

3.2. Basakta Tane Sayist (adet/basak, BTS)

Standart gesitlerin tane verimi degerleri ortalamasi Tablo 4’te verilmis olup, en diigiik deger 36.6 adet/bagak
ile ST2 ¢esidinden, en yiiksek deger ise 71.5 ile ST8 kontrol ¢esidinden elde edilmis, kontrol ¢esitlere ait ortalama
deger ise 49.4 adet/basak olarak kaydedilmistir. Basakta tane sayisi, en 6nemli ana verim komponentlerinden olup,
tane verimini dogrudan etkileyen bir parametredir (Karagdz ve Zencirci, 2005). Yogun 1slah ¢alismalar1 ile modern
bugday ¢esitlerinde ge¢misten giiniimiize tarihsel bugday 1slahi (Historical improvement of breeding varieties)
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boyunca bagakta tane sayisi artig gosteren cesitler gelistirildigi rapor edilmistir (Tomas ve ark., 2020). Basakta
tane sayisinin artmasi verime olumlu yansirken, tane iriliginde ise diisiik olan genotipler ile sonuglandig1 rapor
edilmistir (Alipour ve ark., 2017).

Yerel gesitlere ait bagakta tane sayis1 degerleri Tablo 5’te verilmistir. Yerel ¢esitlerin bagakta tane sayis1 27.81
tane/basak ile 61.95 tane/basak arasinda degismistir. Yerel ¢esitlerin basakta tane sayisi ortalamasi 42.4 adet/basak,
kontrol c¢esitlerin ortalamasi ise 49.4adet/basak olarak tespit edilmistir. Yerel gesitler ile kontrol g¢esitler
karsilagtirildiginda, yerel cesitler en yiiksek basakta tane sayisina sahip standart cesit S8 (71.5 tane/basak)
cesidinden daha yiiksek degere ulasamazken, 9 adet yerel ¢esit, G8 (53.29 tane/basak), G10 (54.72 tane/basak),
G35 (58.8 tane/basak), G36 (53.10 tane/basak) G71 (61.95 tane/basak) G74 (52.38 tane/basak), G78 (54.66
tane/basak), G79 (51.24 tane/basak) ve G80 (57.52 tane/basak) kontrol ortalamasindan (49.4 tane/basak) daha
yliksek degerlere sahip olduklar1 belirlenmistir. Kontrol ¢esitlerin ortalama degerinden daha yiiksek basakta tane
sayisina sahip bu yerel ¢esitler igerisinden tane irilikleri de géz Oniline alinarak planlanacak bugday islah
programlarinda, hem basakta tane sayist hem de tane irilikleri yiiksek genotipler elde edilmesi igin melezleme
caligmalarinda genitor olarak kullanilmasi i¢in degerlendirilebilecegini diisiinmekteyiz. Philipp ve ark. (2018) 180
adet yerel gesit ve 210 adet elit 1slah ¢esidini tarla kosullarinda tane verimi ve verim komponentleri bakimimdan
kargilagtirdig1 ¢alismasinda; islah caligmalari sonucu bugday tane veriminde artisa % 23 oraninda basakta tane
sayisinin katkida bulundugunu, model basak yapisi i¢in de ¢alismalarin devam ettigini belirtmistir. Tomas ve ark.
(2020) Portekize ait yerel ekmeklik bugday ¢esitlerini yiiksek sicaklik stesine karsi test yaptigi ¢aligmasinda
“Ardito’’ yerel bugday ¢esidinin stres kosullarinda bagsakta tane sayis1 bakimindan tiim genotiplerden daha yiiksek
degere ulasirken, stres kosullarinin olmadig1 uygulamalarda ise modern 1slah ¢esitlerinin daha yiiksek degerlere
sahip oldugunu belirtmistir.

3.3. Bin Tane Agwrligi (gr, BTA)

Kontrol ¢esitlerin bin tane agirligi ortalama degerleri Tablo 4’te verilmistir. Kontrol ¢esitlerin bin tane agirlig:
degerleri 33.80 g (ST8) ile 46.63 g (ST1) arasinda degismis, kontrol ¢esitlerin bin tane agirlig1 genel ortalamasi
40.15 g olarak tespit edilmistir. Bin tane agirlig1, ana verim 6gelerinden birisi olup, tane verimine etkisi yaninda
un ve irmik randimaninin yiiksek olmasina katki saglayan bir fiziksel 6zelliktir (Kara ve Akman, 2008). Ayni
zamanda, yiiksek bin tane agirligina sahip g¢esitler genel olarak hem iireticiler tarafindan iyi 6zelliklere sahip
tohumlugun belirteci sayilirken, sanayiciler i¢in ise son iiriine kolay islenebilen ve daha yiiksek ham madde
saglayan bir parametre olarak kabul goriir (Alp ve Kiin, 1999). Kalitsal 6zellik olan BTA, yil igerisinde diisen
yagis miktar1 ve dagilisi, vejetasyon siiresince Ozellikle tane doldurma doénemindeki sicaklik, giibreleme ve
agronomik uygulamalardan etkilenen bir karakterdir (Akime1 ve ark., 1999). Bu nedenle bin tane agirlig: 6zellikle
yetistiriciligi yapilan ve ticarete konu olan modern islah gesitleri i¢in de c¢ok Onemli bir karakter olarak
degerlendirilmektedir.

Denemede kullanilan yerel ¢esitlerin bin tane agirligi degerleri Tablo 5’te verilmistir. Elde edilen verilere gore
yerel ¢esitlerin bin tane agirligi degerleri 27.51 g (G12) ile 61.68 g (G24) arasinda degigmis ve mevcut materyalin
bu anlamda genis bir varyasyona sahip oldugu tespit edilmistir. Yerel gesitlerin bin tane agirlig1 ortalamasi1 42.9 g,
kontrol gesitlerinin ise 40.15 g olarak tespit edilmistir. Deneme sonuglarina gore 18 adet yerel gesit, en yiiksek bin
tane agirligina sahip olan genotipten (ST1; 46.63 g) daha yiiksek degere ulasirken, 55 adet hatta ise kontrol gesit
ortalamasindan (40.15 g) daha yiiksek degere sahip olmustur. Lopes ve ark. (2015) yerel bugday ¢esitlerinin
karakterizasyonu i¢in yaptig1 c¢alismada, c¢ok sayida yerel ¢esidin standart olarak kullanildig1 c¢esitlerin
ortalamasindan daha yiiksek bin tane agirligia sahip oldugunu ve yerel makarnalik gesitlerin muhtemelen tane
iriligi ile iligkili farkli alleller icerebilecegini rapor etmistir. Bu ¢alisma sonucunda elde ettigimiz veriler, yerel
cesitlerin bin tane agirhigi bakimindan genis bir varyasyona sahip oldugunu, bunun da c¢alismada kullanilan
materyalin bin tane agirhigina iligkin farkli allellere sahip olabilecegini gostermektedir. Elde edilen bu veriler
calisma materyali i¢in aym1 zamanda BTA ile iligkili allellerin tespitinde Genom Capli Caligmalar (Wide-
assocation Mapping) i¢in kullanilabilecegini soyleyebiliriz.
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Tablo 5. Yerel durum bugday cesitlerinde incelenen bazi ozelliklere ait diizeltilmis degerler

Table 5. Mean of examinated traits for durum wheat landraces

Blok Gen TV BTS BTA BSTA Blok Gen TV BTS BTA BSTA

Gl 205.7 37.3 37.9 1.6 G41 3125 44.8 44.3 2.2
G2 2038 352 43.8 1.7 G42 181.9 47.8 37.2 1.9
G3 239.7 554 40.0 2.4 G43 210.4 42.1 43.5 2.0
G4 220.9 493 45.7 2.5 G44 358.4 44.4 46.5 2.2
G5 171.8 412 47.6 2.2 G45 281.8 47.2 40.5 2.0
G6 180.7 37.4 46.0 1.9 G46 378.1 47.0 40.0 2.0
G7 1915 38.9 38.4 1.7 G47 253.9 43.0 479 2.2
G8 93.0 53.3 358 21 G48 198.1 48.0 49.6 2.6
G9 201.1 413 46.2 2.1 G49 2455 47.4 50.7 2.6
G10 255.6 54.7 35.6 2.1 G50 162.3 40.7 40.2 1.7
Gl1 266.4 339 39.1 15 G5h1 194.1 29.4 44.6 14
G12 254.1 39.6 27.5 1.2 G52 258.1 41.2 44.6 2.0
G13 160.5 30.7 38.8 1.3 G53 245.5 34.7 40.8 15
Gl14 103.8 36.0 34.1 1.4 Gh4 326.6 47.5 37.4 1.9
G15 241.3 33.0 39.6 15 Gbh5 203.2 36.8 40.9 1.6
G16 2280 410 36.7 1.7 G56 185.4 37.7 46.0 1.9
G17 2147 449 454 2.2 G57 146.6 47.2 48.2 2.4
G18 1705 39.7 42.5 1.9 G58 228.6 49.1 447 2.3
G19 268.0 449 44.2 2.2 G59 227.7 45.2 42.7 2.1
G20 180.0 38.6 42.8 1.8 G60 179.1 37.1 53.2 2.1
G21 305.2 424 45.8 2.1 G61 283.5 51.8 39.6 2.2
G22 2509 36.8 43.1 1.7 G62 300.6 41.7 a47.7 2.1
G23 2305 34.7 57.4 2.1 G63 213.1 37.4 419 1.7
G24 349.1 454 61.7 3.0 G64 180.2 39.2 40.6 1.7
G25 1616 37.8 47.5 1.9 G65 226.4 44.0 40.6 1.9
G26 2609 420 40.9 1.8 G66 195.2 43.7 42.9 2.0
G27 3124 39.7 39.1 1.7 G67 209.0 42.8 36.3 1.7
G28 296.0 451 42.5 2.1 G68 136.5 43.7 30.7 1.4
G29 2146 30.2 48.2 1.4 G69 221.6 46.0 39.0 1.9
G30 2346 350 41.0 15 G70 239.3 37.5 41.4 1.7
G31 223.4 427 48.0 2.2 G71 320.8 62.0 38.5 2.6
G32 116.0 37.1 48.0 1.9 G72 211.4 43.7 40.3 1.9
G33 251.8 317 48.5 1.6 G73 225.5 37.4 43.5 1.7
G34 2348 38.8 375 1.6 G74 163.7 52.4 42.1 2.4
G35 278.2 58.8 46.5 2.9 G75 213.5 36.0 42.6 1.6
G36 218.7 531 38.8 2.2 G76 219.2 41.1 42.3 1.9
G37 286.3 435 46.6 2.2 G77 196.5 46.2 35.1 1.7
G38 2347 278 52.2 15 G78 187.4 54.7 30.4 1.8
G39 1939 30.2 34.6 11 G79 364.0 51.2 52.7 2.9
G40 1954 411 51.6 2.3 G80 362.0 57.5 49.5 3.1
Blokl -2.15 -0.29 0.27 -0.04 Blok3 -2.12 0.77 -045 0.03

NN NPNPDNPDNDNDNDNDNDNDNPNNDNDMNMNNNMNNNMNMNNRPRRPRPRPRPRPRPRPRPRPRERPRERPRERPRERER
APrAEAPPAPAEPPAPPAPPRAPEPRPPEPPAPPEPRPPREPREPREPPR, LCLOWOWWWWWWWWOWOWWWWWW W W

Dii
Z. -0.24 0.06 0.01 -0.24 0.11 0.01
Ter. Blok2 5.38 Blok4 -0.12
TV BTS BTA BSTA
StdOrt 371 49.4 40.2 2.63
Yerel C.Ort 229 42.4 42.9 1.95
AOF (0.05)
Kontrol ve 20,1* 245* 0.71* 0.12*
Hatlar icin

AOF (0.05) 48+« 209* 088* 0.15*
Hatlar icin

*Gen :Genotip; TV: tane verimi; BTS: Basakta tane sayisi; BTA: Bin tane agirligi; BSTA: Basakta tane agirligi
*, % %5 ve %1 diizeyinde onemlidir.
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3.4. Basakta Tane Agwrlig1 (gr, BSTA)

Kontrol ¢esitlerin basakta tane agirhigi ortalamasi degerleri Tablo 4’te verilmistir. Kontrol gesitlerin basakta
tane agirlig1 ortalama degerleri 1.78 g (ST9) ile 3.41 g (ST8) arasinda degismis, kontrol ¢esitlerin basakta tane
agirhig genel ortalamasi 2.63 g olarak tespit edilmistir. Basakta tane agirligi tane verimini dogrudan etkileyen bir
karakter olup, Yesil Devrim ile beraber bugdaya kisa boy genleri aktarilirken, yatmaya ve azota responsu yiiksek
bugday cesitleri gelistirilmis, gecmisten giiniimiize kadar devam eden 1slah ¢aligmalari ile birim alanda basak
sayisi, basakta tane sayisi ve bagakta tane agirlig1 yiiksek olan basak tipine sahip bugday ¢esitleri gelistirilmistir
(Botwright ve ark., 2005). Bu modern 1slah ¢esitlerinin yerel bugday cesitlerinden bazi 6zellikler bakimindan iistiin
veya farkli 6zelliklere sahip olmas1 bugday 1slah programlarinda yogun seleksiyon baskisindan ileri geldigi birgok
arastirmaci tarafindan belirtilmistir (Liatukas ve Ruzgas, 2011).

Denemede kullanilan yerel gesitlerin basakta tane agirligi degerleri ve diizeltilmis degerleri Tablo 5’te
verilmistir. Elde edilen verilere gore yerel gesitlerin basakta tane agirligi degerleri 1.11 g (G39) ile 3.06 g (G80)
arasinda degismis, yerel gesitlerin ortalamasi 1.95 g, kontrol gesitlerinin ortalamasi ise 2.63 g olarak tespit
edilmistir. Bu sonug, modern 1slah ¢esitlerinin yerel ¢esitlerden daha yiiksek tane verimine sahip olmalarinda,
basakta tane agirliginin ¢ok dnemli bir etkiye sahip oldugunu géstermektedir. Deneme sonuglarina gore sadece 4
adet yerel ¢esit (G24: 3g; G35: 2.93 g; G79: 2.83 g ve G80: 3.06 g) kontrol ¢esit ortalamasindan (2.63 g) daha
yiliksek degere sahip olmustur. Yerel makarnalik bugday cesitleri konusunda ¢alisma yapmis bir¢ok arastirmaci,
yerel gesitlerin zengin gen kaynaklar sagladigini fakat ayni zamanda islahgilarin yiiksek verimli ¢esitler
gelistirmek amaciyla elit 1slah hatlar1 arasinda melezleme yaparak, birim alanda daha fazla basak sayisina, bagak
verimi ve hasat indeksi yiiksek daha verimli ¢esitler gelistirdiklerini, gelistirilen bu modern 1slah ¢esitlerinin yerel
bugday cesitlerinden daha verimli oldugunu rapor etmislerdir (Royo ve ark., 2008; Baenziger ve DePauw, 2009;
Fayaz ve ark., 2013).

3.5. Biyolojik Verim (kg/da, BV)

Kontrol gesitlerin biyolojik verim ortalamasi degerleri Tablo 4’te verilmistir. Kontrol ¢esitlerin biyolojik verim
ortalama degerleri 1026 kg/da (ST3) ile 1418 kg/da (ST10) arasinda degismis, kontrol cesitlerin biyolojik verim
agirligi genel ortalamasi 1218 kg/da olarak tespit edilmistir. 20. Yiizyilda Yesil Devrim ile kisa boyluluk genlerine
sahip bugday cesitlerinin gelistirilmesi ile bitki boyunun kisalmasi biyomasin stabil ve hasat indeksinin artmasina
sebep olmustur (Rebetzke ve Richards, 2000). Giiniimiizde biyolojik verim ile beraber tane verimini de
artirtlmasini amaglansa da, bunun igin bitki boyunun artmas: gerekmekte, bitki boyunun artmasi yatmaya
hassasiyeti artirdigi i¢in, bugday islah¢ilar1 bunun bir darbogaz olarak nitelendirmekte ve bu konuda yogun
caligmalar yapilmaktadir. Bu konuda farkli bakis agilart mevcut olup, yerel bugdaylarin eksik yonlerinin (bitki
boyu gibi) giderilmesi i¢in modern 1slah ¢esitlerinin genitor olarak kullanilmasi veya yerel ¢esitlerde arzu edilen
ozelliklerin 1slah cesitlerine aktarilmasinda yerel ¢esitlerin genitor olarak kullanilmasi yollar izlenebilir fikirleri
one siiriilmektedir (Kan ve ark., 2017).

Denemede kullanilan yerel gesitlerin biyolojik verim degerleri Tablo 6°da verilmistir. Elde edilen verilere gore
yerel ¢esitlerin biyolojik verim degerleri 755 kg/da (G20) ile 1820 kg/da (G7) arasinda degismis, yerel cesitlerin
ortalama biyolojik verimi 1313 kg/da, kontrol gesitlerin ise 1218 kg/da olarak kaydedilmistir. Deneme sonuglarina
gore 60 adet yerel ¢esit, kontrol ¢esitlerin ortalamasindan daha yiiksek biyolojik verime sahip olmustur. Calismada,
yerel gesitler igerisinden (G20, G25, G32, G47, G50) ekstrem diigiik biyolojik verim degerlerine sahip olmasi bu
cesitlerde meydana gelen yatmadan kaynaklandigimi 6ngérmekteyiz. Yerel bugday gesitleri konusunda galigma
yapmis bir¢ok arastirmaci, yerel ¢esitlerin modern 1slah gesitlerine kiyasla, uzun bitki boyuna sahip oldugunu,
vejetatif aksam gelisimi ve oraninin ve yesil kalma siiresinin daha yiiksek oldugunu ve bunun da daha yiiksek
biyolojik verim degerleri ile sonuglandigimi rapor etmislerdir (Moghaddam ve ark., 1997; Akgura, 2011).
Calismamizda yerel bugday ¢esitlerinin genel olarak modern 1slah gesitlerinden daha yiiksek biyolojik verim
degerlerine sahip oldugu tespit edilmis olup, bu yerel gesitler igerisinden genotipler kullanilarak yiiksek biyolojik
verim ile iligkili markorlerin tespit edilmesi i¢in Genom-Capli ¢alismalar1 (Genom- Wide Association) i¢in hazir
veriler elde edilmistir. Yerel gesitlerin yiiksek biyolojik verim degerine sahip olmasi, 6zellikle hayvancilik yapan
kiigiik tarim isletmelerinde tercih edilmesini saglayan bir 6zelliktir, ¢linkil bu yerel ¢esitler yiliksek oranda saman
sagladig1 gibi saman kalitesi olarak hayvanlarin sevdigi, tercih ettigi 6zelliklere sahip oldugu rapor edilmistir (Kan
ve ark., 2017).
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Tablo 6. Yerel durum bugday cesitlerinde incelenen bazi ozelliklere ait diizeltilmis degerler

Table 6. Mean of examinated traits for durum wheat landraces

Blok Gen BV BB BGS PU TPO Blok Gen BV BB BGS PU TPO
1 Gl 1270 124 120 256 17.4 3 G41 1373 129 116 301 18,7
1 G2 1475 144 118  29.6 16.7 3 G42 993 119 101 381 17,7
1 G3 1255 129 116  28.6 19.0 3 G43 1093 129 117 181 17,0
1 G4 1415 144 117 256 18.1 3 G44 1173 119 113 321 16,9
1 G5 1750 144 120  29.6 18.0 3 G45 1268 114 100 401 17,0
1 G6 1765 129 118 216 17.7 3 G46 1323 119 114 271 17,8
1 G7 1820 149 120 28.6 185 3 G47 883 119 113 321 172
1 G8 1395 149 122 476 18.9 3 G48 1198 129 120 331 17,8
1 G9 1365 154 120 27.6 18.1 3 G49 1248 129 125 221 16,6
1 G10 1335 149 120 276 18.7 3 G50 928 134 122 241 173
1 Gl1 1495 149 120 26.6 18.9 3 G51 1248 119 118 291 16,8
1 G12 1370 134 119 226 19.0 3 G52 1293 129 120 251 172
1 G13 1505 154 120 246 18.2 3 G53 1073 129 120 221 17,7
1 Gl4 1160 154 125 17.6 18.0 3 G54 1728 129 116 281 17,2
1 G15 1420 144 120  26.6 18.9 3 G55 1073 129 117 271 185
1 G16 1220 154 120 236 19.3 3 G56 1033 144 118 281 175
1 G17 1325 139 120 316 20.4 3 G57 1073 149 125 331 17,4
1 G18 1305 144 112 446 16.5 3 G58 1218 144 125 261 17,9
1 G19 1495 134 120 276 19.1 3 G59 1068 139 116 281 18,7
1 G20 755 134 120 316 185 3 G60 1673 139 116 381 17,3
2 G21 1262 116 104 279 185 4 G61 1275 136 125 203 185
2 G22 1412 136 118  33.9 15.7 4 G62 1395 131 113 413 183
2 G23 1662 141 120 249 17.6 4 G63 1355 141 113 253 20,9
2 G24 1202 156 120 229 17.5 4 G64 1220 136 125 153 201
2 G25 897 131 112 36.9 14.3 4 G65 1470 136 122 193 194
2 G26 1412 141 106  26.9 16.0 4 G66 1565 141 125 263 18,6
2 G27 1212 136 113 259 18.2 4 G67 1640 136 119 19.3 192
2 G28 1262 131 112 349 18.3 4 G68 1370 131 119 18.3 18,3
2 G29 1262 136 112 33.9 15.7 4 G69 1150 131 125 303 175
2 G30 1367 126 115 38.9 17.6 4 G70 1510 136 120 293 18,0
2 G31 1057 136 120 29.9 16.8 4 G71 1210 141 125 283 195
2 G32 917 146 120 279 17.6 4 G72 1245 136 119 19.3 18,7
2 G33 1382 131 125 209 175 4 G73 1570 116 113 223 17,8
2 G34 1182 131 112 279 18.3 4 G74 1545 126 120 203 183
2 G35 1277 121 112 249 17.3 4 G75 1430 121 120 243 20,2
2 G36 1052 111 118 229 16.6 4 G76 1630 136 120 263 18,9
2 G37 1667 121 113 28.9 17.0 4 G77 975 151 122 273 196
2 G38 1642 116 115 18.9 16.7 4 G78 1385 131 118 233 184
2 G39 1137 111 116  20.9 18.4 4 G79 1465 121 118 283 20,7
2 G40 1002 126 116 219 17.2 4 G80 1475 131 125 373 204
0.88 0.38 0.0 Blok 138 022 -0.13 0,02

Diz Blokl 20 3 -8.0
. -1.13 0.07 0.0 Blok -113  -0.08 -032 0,01
Ter. Blok2 -17 4 -5.0

BV BB BGS PU TPO
Std Ort 1218 96.1 111 22.0 14.9
Yerel C.Ort 1313 1339 118 27.9 18.0
AOF  (0.05)
Kontrol ve 22,8* 2.7* 0.65  0.45* -
Hatlar igin 0.28
AOF  (0.05) 282 33* 081 056% .

Hatlar icin
*Gen :Genotip; BV: Biylojik verim; BB: Bitki boyu; PU: Peduncle uzunlugu; TPO: Tanede protein orani; *, ** %5 ve %1 diizeyinde 6nemlidir.
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3.6. Bitki Boyu (cm, BB)

Kontrol ¢esitlerin bitki boyu ortalama degerleriTablo 4’te verilmistir. Kontrol gesitlerin bitki boyu ortalama
degerleri 87.5 cm (ST9-10) 108.8 cm (ST7) arasinda degismis, kontrol gesitlerin bitki boyu degerleri genel
ortalamasi 96.1 cm olarak tespit edilmistir. Bugdaya yari-ciicelik genlerinin aktarilmast ile gelistirilen gesitler,
yerel ve eski ¢esitlere kiyasla kisa boylu, yatmaya dayanikli ve azotlu giibre responsu yiiksek olmalari nedeniyle
diinya genelinde yogun olarak iretilmeye baslanmistir. S6z konusu ciicelik genlerinin Gibberilik Asite
duyarliliginin diisiik olmasi bu gesitlerde bitki boyunu kisaltmasinda etki yapmustir (Keyes ve ark., 1989; Rebetzke
ve ark., 2001). CIMMYT, ICARDA gibi uluslararasi 1slah kuruluslari, melez bahcelerinde bitki boyunu kisaltan
ebeveynleri daha genis adaptasyon yetenegine sahip genotipler gelistirmek amaciyla kullanirlar. Bu ciicelik
genlerinin bitki boyunu kisaltma etkisine sahipken, ayni zamanda tane verimi ve yatmaya kars1 dayaniklilik, hasat
indeksinin artmas ile iligkili oldugu bilinmektedir (Kaya ve ark., 2015).

Denemede kullanilan yerel ¢esitlerin bitki boyu degerleri Tablo 6°da verilmistir. Elde edilen verilere gore yerel
gesitlerin bitki boyu uzunlugu degerleri 111.3 cm (G36, G39) ile 156.13 cm (G24) arasinda degismis, yerel
gesitlerin ortalama bitki boyu 133.9 ¢cm, kontrol ¢esitlerin ise 96.1 cm olarak tespit edilmistir. Deneme sonuglarina
gore ¢aligmada kullanilan tiim yerel gesitler kontrol gesitlerinin ortalamasindan daha yiiksek bitki boyu degerine
sahip olurken, s6z konusu karakterler ile genis bir varyasyon tespit edilmistir. Yerel ve ciicelik genleri tasimayan
eski gesitlerde, bitki boyu ve vejetatif gelisimi tesvik eden Giberilik Asit responsunun daha yiiksek oldugu
(Rebetzke ve ark., 1999; Ellis ve ark., 2004), 6zellikle yagisin ¢ok yiiksek oldugu alanlar ile sulama yapilan
alanlarda yerel gesitlerin uzun boylu olmalar1 yatma nedeniyle biiyiik verim kayiplart oldugu, bu nedenle bu
cesitlerin yerine genel olarak CIMMYT orjinli kisa bitki boyuna sahip c¢esitlerin diinya genelinde yayilim
gosterdigi bir¢ok aragtirmaci tarafindan rapor edilmistir (Keyes ve ark., 1989; Rebetzke ve ark., 1999; Rebetzke
ve ark., 2001; Ellis ve ark., 2004).

3.7. Peduncle Uzunlugu (cm, PU)

Kontrol gesitlerin peduncle uzunlugu ortalama degerleri 10.75 cm (ST9) ile 26.5 cm (ST6-7) arasinda degismis,
kontrol gesitlerin peduncle uzunlugu degerleri genel ortalamasi 22.03 ¢cm olarak tespit edilmistir (Tablo 4). Khalig
ve ark. (2004), CIMMYT orjinli modern 1slah genotiplerini yari-kurak kosullarda degerlendirdigi caligmada,
peduncle uzunlugu ile basak uzunlugu ve tane verimi arasinda istatistiki olarak énemli korelasyon tespit ettiklerini
rapor etmistir.

Denemede kullanilan yerel gesitlerin peduncle uzunlugu degerleri ve diizeltilmis degerleri Tablo 6’da
verilmistir. Elde edilen verilere gore yerel ¢esitlerin peduncle uzunlugu degerleri 15.33 cm (G64) ile 47.63 cm
(GB8) arasinda degismis, yerel ¢esitlerin ortalama peduncle uzunlugu 27.60 cm, kontrol gesitlerin ortalamasi ise
22.03 cm olarak tespit edilmistir. Deneme sonuglarina gore calismada kullanilan tiim yerel g¢esitler kontrol
gesitlerin ortalamasindan daha yiiksek peduncle uzunlugu degerine sahip olurken, s6z konusu karakter bakimindan
genis bir varyasyon tespit edilmistir. Yesil Devrim ile ciicelik genleri tane verimine katki yaparken, kisa boylu
1slah ¢esitlerinin bitki boyu ve peduncle uzunlugunun eski ¢esitlere gore daha kisa oldugu, peduncle uzunlugunun
kurakliga dayaniklilik ile iligkili olabilecegi, peduncle uzunlugunun fizyolojik olum siiresinin daha uzun olmasina
ve dolayisiyla toplam fotosentez siiresi ve oraninin daha yiiksek oldugu bazi aragtirmalarda belirtilmistir (Khalig
ve ark., 2004; Botwright ve ark., 2005).

3.8. Basaklanma Giin Sayisi (Giin, BSGS)

Kontrol ¢esitlerin basaklanma giin sayisi degerleri Tablo 4’te verilmistir. Kontrol ¢esitlerin bagsaklanma giin
sayisi ortalama degerleri 106 giin (ST6) ile 114 giin (ST7) arasinda degismis, kontrol ¢esitlerin basaklanma giin
sayist genel ortalamasi 111 giin olarak tespit edilmistir. Denemede kullanilan yerel ¢esitlerin bagaklanma giin
degerleri ve diizeltilmis degerleri Tablo6’da verilmistir. Elde edilen verilere gore yerel cesitlerin basaklanma giin
degerleri 99.77 giin (G45) ile 125.3 giin (G14) arasinda degismistir (Tablo 6). Yerel gesitlerin ortalama bagsaklanma
giin sayist 117.8 giin, kontrol ¢esitlerin ortalamasi ise 111 giin olarak tespit edilmistir. Basaklanma giin sayisi
bakimindan yerel bugday ¢esitlerinde genis bir varyasyon tespit edilmistir. Deneme sonuglarina gore 3 adet yerel
cesit (G21: 103.8 giin; G26: 105.8 giin; G45: 99.8 giin) disinda tiim yerel ¢esitler kontrol ¢esitlerinin
ortalamasindan (111 giin) daha yiiksek bagaklanma giin sayis1 degerlerine sahip olmuslardir. Bu veriler yerel
bugday cesitlerinin genel olarak geggi-kislik gelisme karakterli bir yapiya sahip oldugunu gostermekte olsada, bu
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yerel gesitlerdeki glin uzunluguna hassasiyet genleri (Ppd genleri), vernelizasyon genleri (Vrn-1, Vrn-2 gibi)
bakimindan farkli veya yeni (novel) gen allelleri bakimimndan molekiiler markorler ile karakterizasyonunun
yapilmasi gerektigini gostermektedir. Bu ¢aligmadan basaklanma giin sayis1 ve diger 6zellikler i¢in hali hazirda
Genom-Capli Genetik Karakterizasyon (Genom-Wide Association) ile validasyon (fenotipik ve genetik verilerin
karsilastirilmasi) iglemleri igin de 6nemli veriler saglamaktadir. Basaklanma ve c¢iceklenme gibi karakterler
vernelizasyon, giin uzunlugu-isiklanma siiresi (fotoperyodizm) ile yakindan iligkili olup, bir bitki tiiriiniin veya
¢esidinin farkli ekolojilere adaptasyonunu saglayan 6nemli parametrelerdir (Kaya ve ark., 2015). Bir¢ok ¢alismada
modern makarnalik bugday ¢esitlerinin, yerel cesitlere gore ¢ok diisiik vernelizasyona gereksinim duydugunu,
fotoperyodizm bakimindan ¢ok daha diigiikk oranda hassas olduklarini, son iiriine isleme kalite kriterlerince daha
standart 6zelliklere sahip olduklarmi fakat doga ve insan eliyle gergeklesen seleksiyonlar neticesinde bu yerel
cesitlerin genetik olarak genis bir varyasyona sahip olmalarini sagladigini; bu genis varyasyonun kurakliga, zararli
ve hastaliklara toleransli, daha cok kiiciik Slgekli tarim sistemlerine adapte olmalarina katki sagladigini rapor
etmislerdir (Kyzeridis ve ark., 1995; Motzo ve Giunta, 2007; Talas ve ark., 2011; Nazco ve ark., 2012). Ozellikle
ciceklenme, dollenme ve tane doldurma siiresine denk gelen evrelerdeki yiiksek sicakliklar basaktaki tanelerin
fiziksel 6zellikleri izerine olumsuz etkilere neden olmakta, erkencilik bu anlamda s6z konusu stres faktorlerinden
kagis1 saglayarak bu olumsuz etkilerin sonuglarint minimize etmektedir (Beharav ve ark., 1998; Baser ve ark.,
2005). Diger yandan, yiiksek sicaklik ve kurakligin olmadigi, vejetasyon siiresinin uzun oldugu ekoloji ve yillarda
geg olgunlasan veya generatif doneme gegisin uzun siirdiigii zamanlarda geggi ¢esitlerin tane verimi bakimindan
avantajlar sagladigi bilinmektedir (Worland ve ark., 2001). Bu nedenle basaklanma giin sayist bakimindan
seleksiyon ve karakterizasyon ¢ok dnemli bir parametre olarak kabul edilir (Kaya ve ark., 2015).

3.9. Tanede Protein Orani (%, TPO)

Kontrol ¢esitlerin tanede protein orani ortalama degerleri Tablo 4’te verilmistir. Kontrol ¢esitlerin tanede
protein ortalama degerleri % 13.69 (ST6) ile % 16.35 (ST10) arasinda degigmis, kontrol ¢esitlerin tanede protein
genel ortalamasi % 14.94 olarak tespit edilmistir. Tanede protein oran1 makarna ve ekmek yapiminda en énemli
kalite kriteri ayn1 zamanda insan beslenmesi i¢in de ¢ok 6nemli olup, bugday yetistiricileri i¢in yiiksek proteine
sahip trtniin daha yiiksek fiyatla alici bulmasimi saglamaktadir. Tanede protein oranmin ekonomik Gnemine
ragmen konvansiyonel islah ¢aligmalari ile tanede protein oraninin artirilmasi, bu 6zelligi idare eden kompleks
genetik sistem, c¢evrenin protein orani lizerindeki etkisi, yliksek verim ile protein orani arasindaki negatif
korelasyon nedeniyle ¢cok yavas ilerlemektedir (Simmonds, 1995; Oner ve ark., 2016). Bu nedenle tanede protein
oranini idare eden gen allellerinin molekiiler tekniklerle tespiti, yiiksek proteine sahip genotiplerin gelistirilmesine
olanak saglayacagi ve direk olarak bu ozelliklere sahip genotiplerin se¢iminde pozitif etki yapacaktir. Bu
calismada yiiksek protein oranina sahip yerel gesitlerin igerisinden tanede yiiksek proteini idare eden genlerin
tanimlanmasi ve planlanacak islah programlarinda yiiksek proteine sahip genotiplerin gelistirilmesine katki
yapacak veriler elde edilmistir.

Denemede kullanilan yerel gesitlerin tanede protein orami degerleri ve diizeltilmis degerleri Tablo6’da
verilmistir. Elde edilen verilere gore yerel gesitlerin tanede protein orani degerleri % 14.26 (G25) ile % 20.91 (G63)
arasinda degismis, kontrol cesitleri ile yerel gesitler arasindaki asgari 6nemi fark (AOF =0.28) olarak belirlenmistir.
Yerel ¢esitlerin ortalama tanede protein orani % 18.02, kontrol ¢esitlerin ortalamasi ise % 14.94 olarak tespit
edilmistir. Tanede protein oran1 bakimindan yerel bugday cesitlerinde genis bir varyasyon tespit edilmistir.
Deneme sonuglarina gore 4 adet yerel ¢esit (G22: %15.698; G25: % 14.26; G26: % 16.02 ve G29: %15.69) disinda
tiim yerel gesitler, en yliksek protein oranina sahip kontrol ¢esidinden (ST-10: % 16.35) daha yiiksek protein
oranina sahip oldugu tespit edilmistir. Elde edilen bu sonuglar, ¢aligmada kullanilan yerel ¢esitlerin kalite
degerlendirilmesinde en 6nemli kriter olan protein orani bakimindan kontrol ¢esitlerine bariz bir istiinliigiiniin
oldugunu, bu yerel gesitlerin tane protein oraninin artirilmasinda kullanilabilecek ¢ok degerli genotipler oldugunu
gostermektedir. Turkiye orjinli yerel ve modern durum bugday ¢esitlerinin kalite bakimidan degerlendirdigi bir
caligmada protein oranii % 10.7 ile % 16.8 arasinda degistigi, kiimiilatif olarak yerel cesitlerin modern 1slah
gesitlerinden daha yiiksek protein oranma sahip oldugunu belirtilmistir (Saylan ve ark., 2012). Giineydogu
Anadolu Bolgesine ait 145 yerel durum bugdayi ¢esidi ve 10 adet modern 1slah gesidi ile yiiriitiilen ¢aligmada
protein oraninin %12.22 ile % 18.11 arasinda degistigi, yerel genotiplerin % 70’nin modern 1slah ¢esitlerinden
bariz bir sekilde daha yiiksek protein oranina sahip oldugu ve bu genotiplerin 1slah ¢aligmalarinda genitor olarak
kullanilabilecegi belirtilmistir (Kendal ve ark., 2019).
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3.10. Biplot Grafigi ile Genotip Ozellik Iliskisinin Yorumlanmast

Biplot metodolojisi ¢ok sayida genotip ve 6zelligin incelendigi, ¢oklu lokasyonlarda yiiriitillen denemelerde,
genotip — 6zellik, genotip — lokasyon iliskisini kolaylikla grafik tizerinde yorumlanmasini saglamaktadir (Kendal
ve ark.,2019). Biplot grafigine gore, standart olarak kullanilan modern 1slah ¢esitleri, tane verimi (TV), bagakta
tane sayisi (BSTS), bagakta tane agirlig1 bakimindan 6ne ¢ikmig bu 6zellikler bakimindan ST8 (kontrol) G80 (yerel)
genotipleri en yiiksek degerlere sahip olmusglardir. Yerel gesitler ise bin tane agirlign (BTA), peduncle uzunlugu
(PU), bitki boyu, tanede protein orani (TPO), biyolojik verim (BV) ve bagaklanma giin sayis1 (BGS) bakimindan
daha yiiksek degerlere sahip olurken, bu dzellikler agisindan G8 (yerel) en yiiksek degerlere sahip olmustur (Seki/
1). Biplot analizi sonuglar1 bu ¢aligmada elde edilen sonuglarin kolaylikla yorumlanmasini saglamaktadir.

Scatter plot ( Total - 50.20%%)

PC2 - 17.20%

-0.3 -0.2 -0.1 -0.0 0.1 0.2 0.3
PC1 - 33.00%%

Seki 1. Genotip — ozellik iliskisini gosteren biblot grafigi
Figure 1. Biblot graph for relation of Genotype-traits
4.  Sonug ve Oneriler

Elde edilen sonuglara gore, Giineydogu Anadolu Bolgesi yerel gesitlerinde incelenen 6zellikler bakimimdan
yiiksek bir varyasyon tespit edilmis, yerel cesitlerin tanede protein orani, biyolojik verim, bin tane agirlig:
bakimindan modern 1slah ¢esitlerine gére daha yiiksek degerlere sahip oldugu ve bu 6zellikler bakimindan yerel
cesitlerin on-1slah programlarina dahil edilerek bu 6zellikler bakimindan iistiin genotipler gelistirmek igin gen
kaynagi olarak kullanilabilecegi sonucuna varilmigtir. Yerel bugday cesitlerinin bitki boyunun modern 1slah
gesitlerine gére daha uzun oldugu, daha geg¢ bagaklanma siiresine sahip oldugu ve daha ¢ok kislik gelisme tabiati
Ozellikleri tasidig1 belirlenmis olup, tane verimi bakimindan modern 1slah ¢esitlerinin daha tstiin performansa
sahip oldugu tespit edilmistir. Caligmanin yiiriitiildiigii sezonun uzun yillar ortalamasinin ¢ok iizerinde yagish
geemesi yerel ¢esitlerin kuraklik veya kisith yagis sartlarindaki performansina dair veriler elde edilmemesine
ragmen, bitki yesil kalma siiresini uzun oldugu bu konuda daha kapsamli fizyolojik ¢aligmalarin yapilmasi
gerektigi saptanmugtir. Ozellikle tanede protein oranii, biyolojik verimi agisindan elde edilen veriler, {izerinde
calistigimiz materyalde bu 6zellikleri idare eden genlerin tespitinin molekiiler markorler ile yapilmasi i¢in degerli
veriler elde edilmistir. ileride yapilacak ¢alismalarda bu yerel bugday genotiplerinin protein ve biyolojik verim ile
iligkili genlerin tespitinde biiyiik kolayliklar saglayacagini dngérmekteyiz. Elde edilen sonuglar yerel bugday
cesitlerinin morfolojik olarak modern 1slah ¢esitlerinden bariz farkliliklara sahip oldugunu gosterirken, bu yerel
bugday genotiplerinin ex-sitii ve in-sitii koruma metodlariyla korunmasi gerektigi, giiniimiizde ve gelecekte
bugday iiretimini kisitlayacak faktorlere karsi ilk olarak degerlendirilecek degerli genetik kaynaklar oldugu tespit
edilmis olup, bu genetik materyalin gelecek kusaklara aktarilmast noktasinda ilgili tiim kesimlerin istiine diisen
gorevi yapmasi gerektigi dnerisi gegmiste bu konuda ¢aligmis aragtirmacilar gibi bu ¢alisma sonucunda bizler de
ayni Onerilerde bulunmaktay1z.
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Determination of Oil Quality Factors and Fatty Acid Compositions of Some Peanut
Varieties

Baz1 Yerfistig1 Cesitlerinin Yag Kalitesi Ozellikleri ve Yag Asidi Bilesimlerinin Belirlenmesi

Mustafa YILMAZY, Cenk Burak SAHINZ?, Resat YILDIZ3, Necmi ISLER*
Abstract

The aim of this study was to determine the oil properties and fatty acid compositions of peanut cultivars (Arachis
hypogaea L.) grown as the main crop in the Eastern Mediterranean transition zone of Turkey. The field experiment
was conducted at the Oil Seed Research Institute experiment area in the main crop seasons of 2018 and 2019. The
experiment was designed according to the randomized complete block design (RCBD) with three replications. Oil
ratio, saturated fatty acids (palmitic acid, stearic acid), unsaturated fatty acids (oleic acid, linoleic acid), iodine
value, and oleic/linoleic acid ratios were investigated in the experiment. Runner (Georgia Green), Spanish
(Florispan), and Virginia market types (Sultan, Brantley, BATEM-Cihangir, BATEM-5025, Arioglu-2003,
Halisbey, NC-7, Flower-22, Wilson, NC-V-11, Com, Osmaniye-2005, Gazipasa) varieties were used as plant
materials. As a result of this study, NC-V-11 (52.23%) cultivar with the highest oil content was determined,
followed by Florispan (52.16%), Brantley (52.10%), and Gerogia Green (51.54%). The lowest oil content was
obtained from BATEM-Cihangir (44.57%) variety. Brantley variety was found to have the least palmitic acid ratio
with 8.04%, while Florispan variety was found the highest with 12.24%. In terms of stearic acid ratios, the lowest
value (1.38%) was determined in Com variety, while the highest value (2.91%) was found in Brantley variety.
Brantley variety was found to have the highest oleic acid content (71.83%), which is one of the unsaturated fatty
acids. Florispan variety had the lowest oleic acid content (43.70%). While Brantley variety had the lowest linoleic
acid ratio (9.78%), it was determined that Com variety had the highest linoleic acid ratio (35.77%). The iodine
value varied between 78.71-100.71, the lowest value was in Brantley and the highest value was in Com. The oleic
acid/linoleic acid ratio was determined to vary between 1.22 and 7.35, the lowest value was in Florispan and the
highest value was in Brantley. As a result of the research, it was determined that the variety with the highest oleic
acid ratio in the Eastern Mediterranean Transition Zone was Brantley. Peanuts with high oleic acid content are
preferred by producers and consumers because they have good quality and extend the shelf life of products
producing with them.
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Oz

Bu c¢aligmanin amaci, Tiirkiye'nin Dogu Akdeniz gegit kusaginda ana iiriin olarak yetistirilen yerfistig1 ¢esitlerinin
(Arachis hypogaea L.) yag 6zellikleri ve yag asidi kompozisyonlarini belirlemek i¢in yapilmistir. Tarla denemeleri
Yagli Tohumlar Aragtirma Enstitlisii deneme lokasyonunda 2018 ve 2019 yillarinin ana iriin sezonlarinda
yapilmistir. Deneme tesadiif bloklar1 deneme desenine gore (RCBD) ii¢ tekerriirlii olarak tasarlanmistir. Denemede
yag orani, doymus yag asitleri (palmitik asit, stearik asit), doymamis yag asitleri (oleik asit, linoleik asit), iyot
degeri ve oleik/linoleik asit oranlari incelenmistir. Runner (Georgia Green), Spanish (Florispan) ve Virginia pazar
tipleri (Sultan, Brantley, BATEM-Cihangir, BATEM-5025, Arioglu-2003, Halisbey, NC-7, Flower-22, Wilson,
NC-V-11, Com, Osmaniye-2005, Gazipasa) olmak iizere 15 yerfistig1 ¢esidi bitkisel materyal olarak kullanilmustir.
Bu ¢alismanin sonucunda, en yiiksek yag igerigi NC-V-11 (%52,23) ¢esidi tespit edilmis olup, bunu sirasiyla
Florispan (%52,16), Brantley (%52,10) ve Gerogia Green (%51.54) cesitleri takip etmistir. En diigiik yag icerigi
ise (%44.57) BATEM-Cihangir ¢esidinden elde edilmistir. En diisiik palmitik asit oram1 %8.04 ile Brantley
¢esidinde bulunurken, en yiiksek ise %12.24 ile Florispan ¢esidinde bulunmustur. Stearik asit bakimindan en diisiik
deger (%1.38) Com ¢esidinde bulunurken, en yiiksek deger (%2.91) Brantley ¢esidinde bulunmustur. Doymamisg
yag asitlerinden olan oleik asit igerigi en yiiksek Brantley ¢esidinde (%71.83) bulunmustur. Florispan gesidi ise en
diistik oleik asit igerigine (%43.70) sahip olmustur. Linoleik asit orani en az (%9.78) Brantley c¢esidinde
bulunurken, en fazla (%35.77) Com ¢esidinde oldugu tespit edilmistir. Iyot degeri 78.71 (Brantley) ile 100.71
(Com) arasinda degisirken; oleik asit/linoleik asit oran1 %1.22 (Florispan) ile %7.35 (Brantley) arasinda degistigi
belirlenmigtir. Yapilan arastirma sonucunda Dogu Akdeniz Gegit Kusaginda en yiiksek oleik asit oranina sahip
cesidin Brantley oldugu tespit edilmistir. Yiiksek oleik asit oranina sahip yerfistiklar1 kaliteli olmalar1 ve
kullanildig: Giriinlerde raf dmriinii uzattig1 igin iretici ve tiiketiciler tarafindan tercih edilmektedir.

Anahtar Kelimeler: Arachis hypogaea L., Yag asidi, Iyot degeri, Yag icerigi, Oleik/Linoleic asit orani
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1. Introduction

Groundnut (Arachis hypogaea L.), named peanut, is an unusual plant for the reason that it flowers above ground
and pods containing one to five seeds are produced underground (Fabra et al., 2010). Peanut is a member of the
family Fabaceae, and genus Arachis which has been categorized into the two subspecies hypogaea and fastigiata.
Peanut is an important oil crop and used in both human and animal nutrition because of its protein, minerals (P,
Ca, Mg, Mn, K), and carbohydrate contents (Onemli, 2005; Onemli, 2012; Awal and Aktar, 2015; Arioglu et al.,
2016).

Peanut seeds contain approximately 45-55% oil and 25-30% protein depending on market types, years, and
other conditions (Bakal and Arioglu, 2019). There are four market types of peanut like Virginia, Spanish, Valencia,
and Runner. Every market type has its own nutritional composition, pod size, and flavor pod size (Zhao et al.,
2017; Karabulut and Tuncturk, 2019). The fatty acid combination of peanut plays a prominent role in defining the
shelf life, nutrition, and flavor of peanut. High oleic acid content provides an extended shelf life for peanut-derived
products in food applications (Onemli, 2012; Yol and Uzun, 2018; Ozluoymak and Guzel, 2020). Even though
eight grand fatty acids are present in peanuts four stearic, palmitic, oleic, and linoleic acids carve out approximately
90% of total peanut triacylglycerols (Hassan and Ahmed, 2012). Peanut oil is composed of 80% unsaturated fatty
acids (oleic acid (JC18:1]) and linoleic acid (|C18:2])). The rest of the fatty acids are saturated fatty acids (palmitic
acid (|C16:0]), stearic acid (|C16:0| etc.) (Shin et al., 2010; Yasli et al., 2020; Yilmaz et al, 2022).

The property of high oleic to linoleic acid ratio (O/L) could provide the consumer with a significant health
benefit and has the potential to greatly advance the marketability of peanuts. The nutritional quality of the seeds
is violently impressed by the place of production, the variety, and the season, in particular, the soil moisture and
temperature during plant growth and seed maturation (Hassan and Ahmed, 2012; Arioglu et al., 2016). A loud
ratio of oleic acid to linoleic acid (O/L) in peanut (>10:1) results in an extended shelf-life (up to 10 times) and an
advanced flavor compared to a normal O/L ratio (1.5:1). Moreover, the iodine value (IV) was used to specify the
fatty acid content and stability of peanut oil. A high O/L ratio and a low iodine rate normally remark fine stability
and long shelf life (Gali et al., 2021).

The World produced about 48.7 million tonnes of peanut in 29.5 million ha area in 2019. The top producers
are China, India, Nigeria, Sudan, and the USA (Anonymous, 2022a). In 2019, the Republic of Turkey produced
about 170 thousand tonnes of peanut in 42.2 thousand ha area. Adana and Osmaniye, located in the Mediterranean
region, were the top producer provinces at about 90% (Anonymous, 2022b). In 2019, shelled peanut were one the
most considerable market products in the Earth which has 3 billion USD in import and 2.8 billion USD in export
values. The importers were the Netherlands, Indonesia, the UK, Mexico, and Canada while the top five exporters
were India, China, the USA, Argentina, and Netherlands (Anonymous, 2022a).

Onemli (2012) and Bakal and Arioglu (2019) reported that the fatty acid composition and oil content of peanut
were influenced by genotypic variation, market type, growing conditions, and maturity. Stearic, palmitic, oleic,
and linoleic acids constitute virtually 90% of total peanut fatty acids. Higher temperatures during seed development
concluded greater oleic contents while lower temperatures post-anthesis caused higher linoleic acid (Yol et al.,
2018). Gali et al. (2021) indicated that higher temperatures over the last four weeks before harvest resulted in
higher oil and oleic acid ingredients and according to higher O/L ratios.

The study aimed to state oil content, unsaturated and saturated fatty acids composition, and oil quality (O/L
and V) of some peanut varieties growing main crop season in the Mediterranean region in Turkey.

2. Materials and Methods
2.1. Materials

Georgia Green, Sultan, Brantley, BATEM-Cihangir, BATEM-5025, Arioglu-2003, Halisbey, NC-7, Florispan,
Flower-22, Wilson, NC-V-11, Com, Osmaniye-2005, and Gazipasa Were used as plant material in the present study
(Table 1).
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Table 1. Some characteristics of peanut varieties*

Varieties Growing Type Market Type Origin
Florispan Erect Spanish USA
BATEM-Cihangir Semi-erect Virginia Turkey
Georgia Green Spreading Runner USA
Sultan Semi-spreading Virginia Turkey
Brantley Semi-spreading Virginia USA
BATEM-5025 Semi-spreading Virginia Turkey
Arioglu-2003 Semi-spreading Virginia Turkey
Halisbey Semi-spreading Virginia Turkey
NC-7 Semi-spreading Virginia USA
Flower-22 Semi-spreading Virginia China
Wilson Semi-spreading Virginia USA
NC-V-11 Semi-spreading Virginia USA
Com Semi-spreading Virginia Turkey
Osmaniye-2005 Semi-spreading Virginia Turkey
Gazipasa Semi-spreading Virginia Turkey

*Asik et al. (2018)

The study was carried out over the experimental fields of Oil Seed Research Institute (37°03'41” N, 36°06'79” E;
50 m) in Turkey during the main growing seasons of 2018 and 2019 (Figure 1).
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Figure 1. Map of the experimental area (Osmaniye, Turkey)

Table 2. Climate parameters of the research field (2018, 2019, and long-year average)

Months Precipitation (mm) Temperature (°C) Relative Humidity (%)

LY 2018 2019 LY 2018 2019 LY 2018 2019
April 79.9 41.2 46.7 17.1 18.9 16.3 63.6 62.6 69.8
May 69.4 65.9 2.4 21.2 23.1 23.3 62.7 65.7 56.6
June 42.2 111.2 73.4 25.2 25.1 26.0 62.0 4.7 71.0
July 17.6 1.8 48.5 27.8 27.8 28.6 65.0 73.3 72.3
August 10.8 0 8.3 28.5 28.6 28.5 64.9 70.9 69.7
September 40.3 0 14.5 25.5 26.9 26.1 61.6 64.8 61.3
Total/Av. 260.2 220.1 193.8 24.2 25.1 24.8 63.3 68.7 66.8

Av.: Average; LY: Long Year.

The pH of the clay-loam soil used in the study was slightly alkaline (pH ~8). The lime substance of the soil was
optimum (~10%) while the organic matter of the soil was low (~1.20%). Climate parameters -total precipitation,
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relative humidity, and average temperature - during 2018 and 2019 growing period and long year (L) were shown in
Table 2. The total precipitation was 220.1 mm in 2018 and 193.8 mm in 2019. Although LY (260.2 mm) was similar
to 2018 but a bit difference with 2019. The average temperature and relative humidity in the studied years and LY
showed no significant differences. The average temperatures were 25.1°C and 24.8°C in 2018 and 2019, respectively.
In addition, the relative humidity values were 68.7% in 2018 and 66.8% in 2019 while the LY was 63.3%.

2.2. Methods

The experiments were conducted in randomized complete block design (RCBD) with three replications. Each plot
was composed of 5 m long and four rows with 70 cm row space and 15 cm plant spacing. Di-ammonium phosphate
(DAP) fertilizer was used at the rate of 25 kg da* before sowing. Sowing was performed on April 6, 2018, in the first
year and on April 30, 2019, in the second year. Weed control was achieved by hand weeding when it was needed.
Irrigations were performed to prevent the plants against drought effects with a drip irrigation system. Harvests were
performed on September 11, 2018, in the first year and on September 25, 2019, in the second year, manually. By taking
into consideration side effects, two inner rows were harvested from every plot.

The typical conventional Soxhlet apparatus was used for extracting the seed oil. Diethyl ether was used as a solvent
for extracting oil from peanut seeds. The fatty acid composition was analyzed as described by Sahin and Isler (2022)
(Figure 2).
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Figure 2. An example chromatogram generated by GC-MS

Oil quality factors (O/L and V) were calculated using the equation given by Chowdhury et al. (2015) (Eg. 1 and
2).

lIodine Values (IV) = (% oleic acid x 0.8601) + (% linoleic acid x 1.7321) (Eq. 1)
Oleic/Linoleic Acid (O/L) Ratio = (% oleic acid (18:1))/(% linoleic acid (18: 2)) (Eq. 2)

2.3. Statistical Analysis

Experimental data were subjected to analysis of variance in accordance with RCBD joined year with the aid of R
v4 software. Means were compared to the aid of Duncan’s multiple range test.

3. Results and Discussion
3.1. Oil Content

The result for oil content was significant (p < 0.01) for varieties but not for year and year x varieties interaction
(Table 3).
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Table 3. Results of the analysis of variance for characteristics studied in the experiment

SV df oC PA SA OA LA O/L v
Block 4 ns ns ns ns ns ns ns
Year 1 ns ns ns ns ns ns ns
VarletIES 14 *% *% *% *%* *% *% *%*
Y xV 14 ns ns ns ns ns ns ns
CV (%) 1.79 4.10 7.12 3.68 4.87 5.72 1.85

SV: Source of variation, df: Degree of freedom, CV: Coefficient of variation, ** p <0.01, OC: Qil content; PA: Palmitic acid; SA: Stearic acid,;
OA: Oleic acid; LA: Linoleic acid; O/L: Oleic/Linoleic Ratio; 1V: lodine Value

The oil content varied between 44.57-52.23% on a two-year average. The ultimate value of oil content was
acquired from NC-V-11 at 52.23% and the lowest from BATEM-Cihangir at 44.57% in joint year analysis (Table
4). Gulluoglu et al. (2017) and Asik et al. (2018) stated that the oil percentage of peanut kernel varies between 35%
and 56% depending on growing conditions and genotype and the oil content of peanut varieties impact by seed
maturity, climatic conditions, genotype, geographical location, growing conditions and growing season. The oil
content had a positive correlation with the number of pods per plant. Yol and Uzun (2018) detected that the oil
percentage of peanut kernel varies between 47.9% and 52.4%. Also, Ozcinar (2022) stated that the oil percentage
of peanut kernel varies by %50. The parallel consequences were found by Ozcinar (2022), Arioglu et al. (2016),
Asik et al. (2018), and Yol and Uzun (2018). The oil content values of the present study were higher than Karabulut
and Tuncturk (2019).

3.2. Saturated Fatty Acid Compositions

The grand saturated fatty acids in peanut oil are stearic (18:0) and palmitic (16:0) acids. The result for palmitic
(16:0) acid was significant (p < 0.01) for varieties but not for year and year x varieties interaction (Table 3).
Palmitic acid percentage values varied between 8.04-12.24% on two-year average. The grandest value of palmitic
acid content was obtained from Florispan at 12.24% and the lowest from Brantley as 8.04% in joint year analysis
(Table 4). Yu et al. (2020) palmitic acid ratio 2.92-5.5%; Shibli et al. (2019) found that the palmitic acid ratio
varied between 9.32-12.03%; Kamdar et al. (2021) reported palmitic acid values of 8.1-14.2%. Gulluoglu et al.
(2017), Yu et al. (2020) and Kamdar et al. (2021) rely on growing conditions and genotype, and the palmitic acid
content of peanut varieties was influenced by climatic conditions, genotype, seed maturity, geographical location,
growing conditions and growing season. The analog outcomes were found by Shibli et al. (2019) and Kamdar et
al. (2021), Onemli (2012), Hassan and Ahmed (2012). The palmitic acid content values of the present study were
less than Yol and Uzun (2018), and Yu et al. (2020).

The result for stearic (16:0) acid was significant (p < 0.01) for varieties but not for year and year x varieties
interaction (Table 3). As a consequence, in a two-year average, the stearic acid percentage varied between 1.38-
2.91% in two-year average. The highest value of stearic acid content was acquired from Brantley at 2.91% and the
lowest from Com at 1.38% in joint year analysis (Table 4). Onemli (2012), Gulluoglu et al. (2016), Gulluoglu et
al. (2017), Yol and Uzun (2018), and Salamatullah et al. (2021) determined that the stearic acid percentage of
peanut kernel varies between 2.38% and 4.9% attaching to growing conditions and genotype, and the palmitic
ingredient of peanut varieties efficacy by climatic conditions, genotype, seed maturity, growing season,
geographical location, and growing conditions. The similar results were found by Hassan and Ahmed (2012) and
Salamatullah et al. (2021). The palmitic ingredient values of the present study were less than Onemli (2012), and
Yol and Uzun (2018).

3.3. Unsaturated Fatty Acid Compositions

The great unsaturated fatty acids in peanut oil are oleic (18:1) and linoleic (18:2) acids. The seeds have oleic
and linoleic acids accounting for nearly 80% of total fatty acids at seed maturity. The result for oleic (18:1) acid
content was significant (p < 0.01) for varieties but not for year and year x varieties interaction (Table 3). The oleic
acid content varied between 43.70-71.83% on two-year average. The highest value of oleic content was obtained
from Brantley at 71.83% and the lowest from Florispan at 43.70% in joint year analysis (Table 5). Onemli (2012),
Hassan and Ahmed (2012), Wang et al. (2013), Yol ve Uzun (2018) and Gali et al. (2021) determined that the
oleic acid percentage of peanut kernel varies between 38.85% and 62.04% relying on growing conditions and
genotype, and the oleic acid content of peanut varieties impact by seed maturity, genotype, climatic conditions,
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growing season and growing conditions. The oleic acid content had a positive correlation with the number of pods
per plant. Similar results were found by Onemli (2012), Hassan and Ahmed (2012), Wang et al. (2013), Yol and
Uzun (2018) and Gali et al. (2021).

Table 4. Results of the analysis of variance for characteristics studied in the experiment The-2-years
average values of oil content and saturated fatty acid compositions (palmitic and stearic acids)

Varieties Qil Content (%) Palmitic Acid (%0) Stearic Acid (%)
Florispan 52.16£0.38 a 12.24+0.75 a 1.72+0.06 d
BATEM-Cihangir 4457034 ¢ 10.65+0.15 de 2.01+£0.01 ¢
Georgia Green 51.54+0.41 a 10.82+0.26 cd 1.57+0.11 de
Sultan 47.96+0.48 d 11.41+0.08 bc 2.05+0.06 ¢
Brantley 52.10£0.27 a 8.04+0.02 h 291+0.14 a
BATEM-5025 51.13x0.25 a 9.82+0.14 fg 2.50+0.14 b
Arioglu-2003 48.49+0.40 d 10.48+0.15 ef 1.72+0.05 d
Halisbey 48.55+0.50 cd 10.18+0.04 ef 1.68+0.11 d
NC-7 49.74+0.45 b 10.31+£0.34 ef 2.13+£0.08 ¢
Flower-22 48.50+0.37d 11.55+0.03 ab 2.22+0.09 ¢
Wilson 49.65+0.17 be 9.56+0.08 g 1.9940.04 ¢
NC-V-11 52.23+0.34 a 9.75+0.26 fg 2.14+0.08 ¢
Com 49.01+0.20 cd 10.55+0.05 ef 1.3840.03 ¢
Osmaniye-2005 51.21+£0.52 a 11.06+0.14 be 1.56+0.13 de
Gazipasa 49.05+0.17 cd 10.70+0.02 de 1.50+0.13 de
Average 49.73 10.47 1.94

Letters show different groups for varieties in each column. The values are Mean+Standard Error of the Mean.

Table 5. The-2-years average values of unsaturated fatty acid compositions (oleic and linoleic acids) and

oil quality factors (O/L and 1V)

Varieties Oleic Acid (%) LmoI(t(e)z)Aud O;:filol'('g;:f)lc lodin Value (1V)
Florispan 43.70£2.51 ¢ 35.68+2.77 a 1.22+0.17 g 99.38+2.64 ab
BATEM-Cihangir 48.63+0.17 d 30.95+0.07 ¢ 1.5740.01 ¢ 95.43+0.14 cd
Georgia Green 46.97+0.37 de 32.79+0.31 be 1.43+0.02 fg 97.18+0.47 be
Sultan 53.45+0.14 ¢ 27.04+0.52 d 1.98+0.04 d 92.80+0.85 d
Brantley 71.83+0.57 a 9.78+0.13 g 7.35£0.14 a 78.71+£0.43 h
BATEM-5025 59.58+0.29 b 20.05+0.18 f 2.97+0.04 b 85.98+029 g
Arioglu-2003 48.80+0.06 d 30.44+0.08 ¢ 1.60£0.01 e 94.69+0.13 cd
Halisbey 46.24+2.97 de 30.50+0.65 ¢ 1.5240.12 ef 92.60+2.22 de
NC-7 57.44+1.56 b 22.52+0.03 ¢ 2.55+0.07 ¢ 88.41+1.28 fg
Flower-22 48.724+0.06 d 31.61+0.30 ¢ 1.54+0.01 ef 96.66+0.55 be
Wilson 58.93+0.36 b 22.56x0.01 ¢ 2.61£0.02 ¢ 89.76+0.31 ef
NC-V-11 53.13+0.44 ¢ 27.95+0.60 d 1.90+0.05 d 94.10+0.92 cd
Com 45.07£0.42 ¢ 35.7740.28 a 1.26+0.02 g 100.71+£0.44 a
Osmaniye-2005 49.61+£0.17d 30.81+£0.28 ¢ 1.61+0.02 ¢ 96.03+0.43 ¢
Gazipasa 46.10+0.26 de 34.48+0.21 ab 1.34+0.01 fg 99.37+0.32 ab
Average 51.88 28.19 2.16 93.45

Letters show different groups for varieties in each column. The values are Mean+Standard Error of the Mean.

The result for linoleic (18:2) acid content was significant (p < 0.01) for varieties but not for year and year x
varieties interaction (Table 3). The linoleic acid content varied between 9.78-35.77% on two-year average. The
ultimate value of linoleic content was gotten from Com as 35.77% and the lowest from Brantley as 9.78% in joint
year analysis (Table 5). Hassan and Ahmed (2012), Bishi et al. (2015), Gulluoglu et al. (2017), Yol ve Uzun (2018),
Gali et al. (2021) stated that the linoleic acid percentage of peanut kernel varies between 22.30% and 41.40%
relying on growing conditions and genotype, and the oleic acid content of peanut varieties impact by seed maturity,
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genotype, climatic conditions, growing season, growing conditions and geographical location. The linoleic acid
content had a positive correlation with the number of pods per plant. The counterpart conclusions were found by
Onemli (2012), Bishi et al. (2015) and Gali et al. (2021). The linoleic acid content values of the present study were
lower than Hassan and Ahmed (2012) and Yol and Uzun (2018).

3.3. Oil Quality Values

The new ingredients in nutrition and exchanging inclinations in peanut marketing project a glossier future for
the utilization of peanut cultivars with widely varied nutritional and chemical quality features. All of the
constituents of peanut oil quality in this study were extremely impacted by genotype (Table 5). The maximum
value of oleic/linoleic ratio (O/L) content was obtained from Brantley as 7.35 and the lowest from Florispan as
1.22 in joint year analysis (Table 5). Lopez et al. (2001), Yav et al. (2008) and Gali et al. (2021) stated that the
ratio of oleic acid to linoleic acid (O/L ratio) and iodine value defines the storability, quality, and shelf life of
groundnut oil and its products. The like outcomes results were found by Hashim et al. (1993), Lopez et al. (2001)
and Gali et al. (2021).

The iodine value (1V), which ensures a measure of the degree of oil unsaturation, and the ratio of oleic to
linoleic acid (O/L) has been mostly used as a means of predicting shelf-life and measuring stability of the oil.
Higher (O/L) ratios and lower IV generally suggest better stability and longer shelf-life (Casini et al., 2003;
Gulluoglu et al., 2017; Bakal and Arioglu, 2019). The iodine value (IV) content varied between 78.71-100.71 on
two-year average. The highest value of iodine value (1) content was obtained from Com as 100.71 and the lowest
from Brantley as 78.71 in joint year analysis (Table 5). The similar results were found by Hashim et al. (1993).
The iodine value (1V), content values of the present study were lower than Biermann et al. (2000).

4. Conclusions

The oil composition and oil content of peanut varieties may vary depending on environmental conditions and genetic
factors. According to the results of this study, besides the significant effects of genotypic differences, years were also
found to have a considerable influence on the following fatty acids: palmitic, stearic, linoleic, and behenic. Year effects
were significant for the O/L ratios and iodine values as well as the saturated, unsaturated, and long-chain composites.
This is in agreement with what has previously been reported regarding the yearly effect on peanut oil quality. Finally,
it was recommended that Brantley could be the optimum variety because it had the highest oil content, oleic acid, and
O/L ratio according to two-year experiment.
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Abstract

This study aims to analyze the marketing pattern of coconut sugar products, describe the stakeholders involved in
the marketing of coconut sugar, and develop a structure, conduct, performance (SCP) based marketing model for
coconut sugar. This research method is a quantitative descriptive method. The research location was determined
purposively in the coconut sugar production center of Central Java Province (Banyumas, Purbalingga, and Cilacap
Regencies). The research respondents were 60 people consisting of coconut sugar makers who were members of
the Joint Business Group (KUB) and 60 people, 10 collectors traders, 2 wholesalers, and 4 institutional exporters.
Data were analyzed descriptively. Data analysis for the basic structure by measuring market share size and
concentration (CR4). The basis of conduct is through analysis of sales and purchasing processes, payment systems,
and institutional cooperation. The basis of performance is obtained from the analysis of the margins of the trading
system and the level of prices received by farmers. The results showed that there are two marketing channels for
coconut sugar. A tight oligopsony is formed based on the CR4 (Concentration Ratio for the Big Four) value, while
the Herfindahl index value shows that the market formed is an oligopoly. Market behavior occurs when the
payment system is made in cash at the level of collectors and non-cash at the level of wholesalers. In market
performance, the largest marketing margin is in the marketing channel pattern 1 of Rp. 8415.4/kg, the lowest in
the channel 2 pattern of Rp. 6500/kg. The highest Farmer share value is in the marketing channel pattern 2 as 74%,
and the lowest is in the channel 1 pattern at 66.3%.
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Pujiharto & Wahyuni
Formulation of SCP-Based Coconut Sugar Marketing Model Through Analysis of Marketing Patterns in Central Java Province, Indonesia

1. Introduction

The agroindustry is an industry that processes agricultural products into finished products oriented to consumer
tastes (Djamali et al., 2018). It is known that 70.5% of students consume sugar as crystal sugar, and 83.2% prefer
to consume sugar every day (Konyali, 2019). Empowerment of agroindustry through marketing aims to increase
the product's added value so that farmers get a higher selling price (Amir et al., 2018). Marketing agro-industrial
products, including coconut sugar, has an important role in improving the national economy. Coconut sugar is a
processed coconut product that evaporates the juice until it reaches a saturated liquid and forms a coconut structure
(Nurhadi et al., 2018). Indonesia is one of the world's leading producers of coconut sugar (Suliyanto, 2013). Most
exported coconut sugar products come from Central Java Province, especially Banyumas, Purbalingga, and
Cilacap Regencies. The coconut sugar agroindustry, one of the important subsystems in the agribusiness system,
has great potential to encourage high economic growth due to its relatively large market share and added value.

It is believed that the coconut sugar agroindustry will continue to grow due to the availability of vast land and
a sharp increase in international market demand. However, the welfare of coconut sugar farmers in Indonesia is
still low because they cannot meet the export market's organic needs (Restianto et al., 2021), as well as low prices
at the producer level (Suyono et al., 2020). The low price of coconut sugar products at the producer level is also
inseparable from a less competitive market structure, where parties are more dominant in determining prices (price
makers). Therefore, on the one hand, producers tend to be price takers. On the other hand, from the description
above, it is very important to research a marketing model based on structure conduct performance (SCP) in the
coconut sugar agroindustry.

Marketing of coconut sugar agroindustry products generally works in an imperfect market. High transaction
costs cause these imperfections Imperfections in infrastructure (markets) and market structure and behavior can
hinder optimal prices for farmers (Van Tilburg et al., 2008). Bagchi et al. (2022) research said that based on
structure-behavior-performance theory and previous field experience research, smallholder collectivization helps
explore a larger set of strategic options for better yields and the importance of addressing market imperfections
through policy and institutional interventions. This study aims to analyze the marketing pattern of coconut sugar
products, describe the stakeholders involved in marketing coconut sugar, and develop a marketing model for
coconut sugar based on SCP. The research problem formulation is (1) how is the marketing pattern of coconut
sugar agroindustry products? (2) who are the stakeholders involved in marketing coconut sugar agroindustry
products? (3) how is the SCP-based marketing model for coconut sugar agroindustry products?

2. Materials and Methods

The basic method used in this research is the descriptive quantitative survey method, which is a research
method that focuses on a current problem by collecting data, compiling, and analyzing it. The research location
was determined purposively in the coconut sugar production center of Central Java Province, covering Banyumas,
Purbalingga, and Cilacap Regencies, coconut sugar producer had become members of the Joint Business Group
(KUB). The sample of coconut sugar producer farmers was determined by the Simple Random Sampling method
from the population of coconut sugar producer who were members of the Joint Business Group (KUB) in the
research area. In contrast, the Snowball Sampling method determined the sample of traders (collecting traders,
wholesalers, retailers, and exporters). The data taken include primary data obtained from respondents by
conducting direct interviews using a list of questions (questionnaires) that have been provided. The survey research
variables include fixed production costs, variable costs, coconut sugar production volume, coconut sugar selling
price, buying and selling volumes, revenues, and profits. This research will obtain the pattern of marketing of
coconut sugar, stakeholders involved in marketing coconut sugar, market structure, market behavior, and market
performance in the marketing of coconut sugar. Moreover, secondary data from relevant agencies is related to
research, journals, and other literature.

Data analysis uses a descriptive and structured conduct performance (SCP) approach. Market structure is
described by the size of market share (market share) and market concentration (CR4) (Martin, 2012; Tomek and
Kaiser, 2014).

Si

MS; = x 100% (Eq. 1)

Stot
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Information:

MS; = trading market share (%)

Si = sales (Rp)

Swar = total of all sales researched (Rp)

The measurement of the Hirschman Index is based on the total number and size distribution of firms in the
industry. Where the Hirschman — Herfindahl Index (HHI) equation can be solved by the formula:

HHi = (MS;)? + (MS,)? + -+ + (MS,)? (Eq. 2)
Information:

HHI : Hirschman — Herfindahl Index
MS; : commodity buyers from the i-th trader (i=1,2,3...,n)
n - number of traders in a product market area

Criteria as follows:

HHI =1 or 1,800-10,000 then it leads to monopoly or monopsony
HHI =0 or 0-1000 then it leads to perfect competition
0 < HHI < 1 or 1000-1800 then oligopoly or oligopsony

The next step is to calculate the market concentration of the four largest buyers (CR4)

CR4 = ¥4 5Sij (Eq. 3)
Information:
CR4 = concentration ratio of the 4 largest traders

Sij

market share of the 4 largest coconut sugar traders

If the value of CR4 < 33% (competitive market structure); 33-50% (weak oligopsonistic market structure); > 50%
(strongly oligopsonistic market structure).

Conduct analyzed descriptively includes sales and purchase processes, equilibrium prices, payment systems
(cash, credit), and cooperation with other trading institutions. Performance shows the level of marketing efficiency
of coconut sugar. The analysis carried out is the margin of trade and the price level received by farmers (farmer
share).

3. Results and Discussion
3.1. Coconut Sugar Marketing Channel Pattern

The pattern of marketing channels for coconut sugar in the research area starts from coconut sugar producers
as producers and then to collectors and wholesalers (KUB) who eventually relate to exporters or consumers. From
the study results, it was found that there are 2 patterns of coconut marketing channels. 58 people (96.67%) sugar
makers use the channel 1 pattern, and 2 people (3.33%) use the channel 2 pattern. There are no coconut sugar
producers who use more than one marketing pattern, and this is because each producer already has a fixed channel
pattern. The selection of marketing channels is based on several things, including the selling price, distance
(transportation), source of purchase, and purpose of sales. Some wholesalers determine the purchase price per
kilogram, and then the collectors adjust the prices that the wholesalers have determined. The forms of the pattern
of coconut sugar marketing channels in the research location are described below.

Sugar ‘ \ Export
m. Collector ’ Wholesaler . Partner

Figure 1. Marketing Channel Pattern 1
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In this channel, coconut sugar producer sells their products to collectors, with the consideration of easy access
to the collectors' place so that sugar producers do not have to go far to sell their products and a cash payment
system that makes it easier for a producer to fulfill their daily needs and the purchase price of coconut sugar which
the producer feel is already profitable. Collecting traders deposit to wholesalers, wholesalers then supply coconut
sugar to exporter partners. In this pattern, sugar producers sell to collectors near their homes; the products sold by
the producer are wet coconut sugar products that have not been dried. All products from sugar producers are sold
to collectors who are deposited 2-3 times a week and paid in cash. Collecting traders collect and store, which will
later be sold to wholesalers who pick up the place once a week and payment systems in cash and non-cash (credit).
Wholesalers carry out the drying process by oven, sorting, and packaging, which will be sent to export partners.
Coconut sugar products are marketed to several countries such as Singapore, Japan, United Arab Emirates, Qatar,
the UK, Poland, and Russia. Exporting partners that work together are PT Haldin Pacific Semesta, PT Mega
Innovation Organic (MI10O), CV Realsa Natural Indonesia, and CV Itrade International.

Sugar Export
Maker . Wholesaler - Partner

Figure 2. Marketing Channel Pattern 2

In the channel 2 pattern, coconut sugar producers sell wet coconut sugar products that have not been dried to
wholesalers. All products from coconut sugar producers are sold to wholesalers who are deposited once a week.
Wholesalers go directly to the coconut sugar producer and pay in cash. Then wholesalers carry out the drying
process with ovens, sorting, and packaging, which will be sent to exporter partners.

3.2. Coconut Sugar Marketing Stakeholders

From the results of the study, it was found that the stakeholders involved in marketing coconut sugar are
coconut sugar producer who are members of the Joint Business Group (KUB) as producers, collectors, wholesalers,
and exporter partners, namely PT Haldin Pacific Semesta, PT Mega Innovation Organic (MIO), CV Realsa Natural
Indonesia, and CV Itrade International.

3.3. SCP-Based Coconut Sugar Marketing Model
3.3.1. Market Structure

The market structure shows market characteristics, such as the number of buyers and sellers, the state of the
product, the state of knowledge of buyers and sellers, and the state of market obstacles. These differences will
determine the company's behavior and performance. To examine the market structure used, the concentration ratio
of the four companies (CR4) and the Herfindahl-Hirschman index (HHI) (Sim and Hassan, 2020). Market share is
the percentage of total sales in the target market obtained from a company. The size of the market share ranges
from 0 to 100 percent of the total sales of the entire market. A large market share characterizes a large market
power. On the other hand, a small market share means that the company cannot compete under competitive
pressures. In the coconut sugar market structure that occurs in the Karanganyar and Kutasari sub-districts with a
market share of mediators, there are 10 different collectors. The following is the market share size of trading
collectors, which can be seen in Table 2.

In Table 1, the strength of each market share at the collectors is different because of the difference in the
amount of production for each collector in one deposit. The greater the production power or the number of deposits,
the higher the market share value. Factors that affect the size of the market share are the large number of producers
who sell coconut sugar products, the amount of coconut sugar production produced by producers, and the number
of coconut sugar deposits.

CR4 (Concentration Ratio for Biggest Four) measures the industry's share of total asset value. In general, the
number of N traders whose market share proportion is calculated is 4 traders. In determining the CR4 value based
on the output value or the amount of coconut production selected from the four largest traders.
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Table 2 shows the CR4 value of the market structure for collectors at 56.8% or 0.56, meaning that the
concentration ratio (CR4) is > 50% (strongly oligopsonistic market structure), meaning that the market has only a
few buyers. In this case, the collectors, while the product has few buyers, have similar offerings with little price
competition and relatively little product information.

Table 1. Market Share Percentage Value of Each Collecting Trader

Collecting Merchant

Total deposit (kg)

Percentage Market Share (%)

1 700 6.3
2 1000 9.0
3 840 7.5
4 1050 9.5
5 750 6.7
6 1800 16.2
7 2450 22.1
8 950 8.5
9 900 8.1
10 650 5.8
Total 11,090 100

Table 2. The Four Biggest Collecting Traders to Analyze CR4 Value

Collecting Merchant

Total deposit (kg)

Percentage Market Share (%)

1 1,000 9.0
2 1,050 9.5
3 1,800 16.2
4 2,450 22.1
Concentration Ratio Value 6,300 56.8

Measurements on the Hirschman — Herfindahl Index (HHI) are based on the total number and size distribution
of coconut sugar collectors by adding up the square of the market share of all these collectors. The following
results of calculations from HHI can be seen in Table 3.

Table 3. Hirschman — Herfindahl Index (HHI) Value for Each Collecting Trader

Collecting Merchant

Total deposit (kg)

Percentage Market Share

Percentage? (% squared)

(%)
1 700 6.3 39.69
2 1,000 9.0 81.00
3 840 7.5 56.25
4 1,050 9.5 90.25
5 750 6.7 44.89
6 1,800 16.2 262.44
7 2,450 221 488.41
8 950 8.5 72.25
9 900 8.1 65.61
10 650 5.8 33.64
Total 11,090 100 1,297.79

Table 3 can be seen that the HHI value for collectors is 1297.79, indicating that competition in the market share
of coconut sugar collectors is an oligopoly with a range between more than 1000 and less than 1800, which means
the higher the Hirschman Herfindahl index value, the higher the size distribution. from merchants. This, of course,
will result in a policy of reducing the price of goods by one trader to be followed by other traders.

3.3.2. Market Conduct

Market behavior is related to the behavior of traders. Constructive validity is found in the market behavior
function, where indicators of consumer demand and product supply have a significant effect (Darma et al., 2022).
Market behavior is related to the behavior of traders, the behavior of the coconut sugar producer, the collectors,
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and wholesalers carried out several strategies to facilitate the distribution of coconut sugar. Collectors and
wholesalers carry out purchasing activities for producers of coconut sugar producer. The cash and credit payment
strategies between coconut sugar producers and collectors are carried out after depositing coconut sugar products
and price agreements. Collectors and wholesalers determine the price of coconut sugar, and there is no price
bargaining. According to coconut sugar producers, this is because the purchase price by traders is already profitable.
It can cover the costs of daily needs and the costs incurred by a producer in producing coconut sugar. Sales
activities occur to traders, from collectors to wholesalers, and from wholesalers to exporter partners. In sales
activities from collectors to wholesalers, data on the name of the coconut sugar craftsman who deposited it must
be included. In the middleman's trade, only storage activities occur, and later every week, wholesalers will take
the goods.

Meanwhile, at wholesalers of coconut sugar, drying, sorting, and packaging are carried out before delivery to
exporter partners. The payment system for coconut sugar at the collectors level to coconut sugar producers is in
cash, which is done to make it easier for coconut sugar producer to cover their daily needs and sugar production
costs. Meanwhile, payments from wholesalers to retailers are partly made in cash (Susilo, 2016) and partly on
credit. Payments from exporter partners to wholesalers are non-cash with an upfront payment of 50%. The price
determined by traders and wholesalers is based on the quality or color of the sugar to be sold; the darker the color
of the coconut sugar, the lower the price offered. The dominant price determinants are traders, not farmers, even
though there is bargaining between farmers and traders (Wa Ode Al, 2019). Market behavior in cooperative
activities between coconut sugar marketing institutions, producers and collectors, wholesalers, and exporter
partners is well established. Coconut sugar producer may sell their products to more than one collecting trader
from the origin of these traders as members of the KUB. In addition, increasing farmers' knowledge about
production and marketing is important and must be developed (Torun, 2014). Developing an integrated marketing
channel system for agricultural products will advance industrial and agricultural production and increase farmers'
income steadily (Wang, 2010).

3.3.3. Market Performance

Market performance is used to see the influence of market structure and behavior in the coconut sugar
marketing process. Market performance is a combination of market structure and market behavior which shows
the interaction between market structure, market behavior, and market performance which are not always linear
but influence each other. Collaborating with suppliers (in this case, coconut sugar producers) companies will
support sustainability values and maintain market performance (Ukko et al., 2022). Institutional relationships with
government officials, local communities, and other companies affect market performance (Nwoba et al., 2021). A
more effective food production strategy is critical to sustainable agro-industry development along with poverty
reduction (Leite et al., 2017). Table 4 shows the marketing margins of coconut sugar in the two marketing channels
found in this study.

Table 4. Coconut Sugar Marketing Margin Summary

Marketing Price (Rp/Kg)
channel Producer Consumer Cost Profit Margin
1 16,584.6 25,000 623.28 7,892.03 8,415.4
2 18,500 25,000 623.28 5,976.72 6,500

Table 4 shows the distribution of selling prices from sugar producers and the margins formed from the different
marketing channel processes. In the marketing channel pattern 1, the margin formed is Rp. 8415.5/kg while in
marketing channel 2, it is Rp. 6500/kg. The share received by coconut sugar producer is a percentage of the price
at the producer level with the price paid by consumers (Tabel 5).

The amount of share received by coconut sugar producers differs in each marketing channel. In the marketing
channel pattern 1, the farmer share received by the coconut sugar producer is 66.3%, while in channel 2 farmer
share pattern received by the producer is 74%. From the description above, the share of the price received by the
largest sugar producers is in the channel 2 pattern due to the short chain of marketing channels for Coconut sugar.
While the share received by coconut sugar producers is lower in the channel 1 pattern, this is due to additional
marketing agencies distributing coconut sugar products.

770



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(4)
Table 5. Farmer Share Coconut Sugar Marketing

. Price at Producer Price at Final Trader Farmer Share
Marketing channel ", ol (Ro/kg) level (Rp/kg) (%)
1 16,584.6 25,000 66.3
2 18,500 25,000 74

4, Conclusions

This study concludes that two marketing channels for coconut sugar can be chosen by producers, with the ultimate
goal of marketing being exporter partners. Stakeholders involved in marketing coconut sugar are coconut sugar
producers who are members of KUB, collectors, wholesalers, and exporter partners. The market formed from the
marketing of coconut sugar in Central Java Province is a tight oligopoly market, as indicated by a CR4 value of 56.8%.
But the price of coconut sugar is determined by the buyer by looking at the quality and color of the sugar. The
performance of the coconut sugar market from both marketing channel pattern 1 and 2 is quite profitable for producers
because it has a margin value of 8,415.4 IDR/kg in channeol pattern 1 and a high farmer share (above 50%). Of the
two patterns, several factors influence marketing patterns, namely access (distance from producers to traders), payment
systems (cash and non-cash), selling prices, number of products, and marketing agency cooperation. The results of this
study only describe the SCP-based coconut sugar marketing channel in Central Java Province, without comparing the
two marketing channels. It is necessary to carry out similar research in other regions to describe how the coconut sugar
marketing channels are in Indonesia and to compare between marketing channels to see the advantages and
disadvantages between channels.
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Abstract

Thrips tabaci Lindeman (Thysanoptera: Thripidae) is one of the most common and devastating onion pests which
is capable of causing substantial harm to onion crops. Synthetic pesticides are mainly used to control onion thrips.
T. tabaci requires alternative, low-impact control measures since there are numerous difficulties with utilizing
chemical pesticides, including pesticide resistance. This study aimed to evaluate the effectiveness of the
nanomaterial compounds on adults and nymphs of the T. tabaci in vivo and study their physiological changes
caused by pesticides. The findings demonstrate that using nanomaterials, such as carbon nanotubes (CNTs) and
frankincense nanoparticles (FNPs), significantly impacts the number of onion thrips. It also has the potential to
lower the risk of pesticide resistance. According to the preliminary results, using carbon nanotubes (CNTSs)
considerably increased the mortality rate of adults and nymphs of T. tabaci and decreased egg-hatching success.
Carbon nanotube (CNTSs) and frankincense nanoparticles showed a high death rate in adult and nymphal stages at
a concentration of 0.05 percent. Carbon nanotubes (CNTSs) demonstrated exceptional mortality rates in adult and
nymphal stages, with 90 and 50 percent at 5 mg/mL concentrations. Frankincense nanoparticles (FNPs) treatment
demonstrated a high adult mortality rate of around 60 percent compared to the control treatment. Eggs of onion
thrips showed different hatching success rates after treatment with CNTs and FNPs. The egg hatch rate did not
exceed 40 percent of hatched eggs in the CNTSs treatment compared to 90 percent in the control treatment. On the
other hand, number of laid eggs per female did not differ significantly, indicating that none of the treatments
affected the fecundity of the females. The ability of thrips to develop resistance to CNTs and frankincense
compounds requires additional investigation. These natural products could be a suitable alternative to control
destructive pests like onion thrips.
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1. Introduction

Thrips tabaci (Thysanoptera: Thripidae) is a common pest of onion and other crops that can cause severe crop
losses and economic impact owing to feeding on green leaf parts by the adults and nymphs (Ananthakrishnan,
1973; Lewis, 1997). This tiny insect destroys onion epidermal tissue (Chisholm and Lewis, 1984). They pierce
surface tissues and absorb the contents of living cells (Koschier et al., 2002). When T. tabaci feeds on onions, it
produces silvery leaf spots that evolve into white blotches, then silvery patches along with the leaves, which
reduces the plant's ability to photosynthesize, lowering the weight of onion bulbs (Diaz-Montano et al., 2011).
Onion thrips are most recognized for their ability to transmit numerous illnesses to onions (Gill et al., 2015). In
warm and dry conditions, the population of onion thrips can multiply rapidly, leading to an outbreak (Rueda et
al., 2007). T. tabaci has been observed to develop pesticide resistance, which might lead to control failures,
agricultural losses, and environmental issues (Adesanya et al., 2020). Furthermore, recent research indicates that
synthetic pesticides are being used more frequently, which has implications for public health, food safety, and the
national economy (Lougraimzi et al., 2022). Consequently, discovering alternate materials to manage onion thrips
is a crucial objective (Diaz-Montano et al., 2012). Alternative approaches to control pests are urgently needed
because utilizing chemical pesticides can be extremely detrimental to the environment (Tayat and Ozder, 2023).
Especially in a warm location like Irag, where the population of onion thrips might develop rapidly due to
insufficient pest control and excessive chemical usage.

Plants and herbs contain potent compounds such as phenols, aldehydes, and alkaloids that have many
therapeutic applications against various diseases caused by bacteria, molds, or viruses. There has been worldwide
interest in their use (Al-Harrasi et al., 2018). The Boswellia tree is known for its fragrant resin, which is used to
make frankincense. Frankincense resin (FR) is inexpensive, renewable, and non-toxic (Shi et al., 2012) and has
many therapeutic uses. Various species of Boswellia that grow in tropical parts of Africa, Asia, and the Americas
are used to make frankincense with varying properties (Al-Harrasi et al., 2018). Boswellia sacra is a good source
of high-quality frankincense containing bioactive compounds with a variety of functions, including anti-cancer
(Efferth and Oesch, 2020). Carbon nanotubes (CNTs) are nanomaterials made of rolled-up graphene sheets with
a tube-like shape (Maruyama, 2021). In addition to their unique nanostructures, they have extraordinary
characteristics; some are derived from graphite-like features, and others from their one-dimensional aspects. CNTs
are used as nanofillers in polymer-based nanocomposites because they have great electrical, magnetic, and
mechanical properties (Kaseem et al., 2017). Indeed, considerable research published in peer-reviewed journals
demonstrates that adding CNTSs to a polymer matrix reinforces mechanical qualities. Carbon-based nanoparticles
have also been shown to have high antibacterial activity (Kang et al., 2008). Early research suggested that
fullerenes, such as single-walled carbon nanotubes, have powerful microbicidal capabilities. These novel
allotropic kinds of carbon were found in the previous two decades and have subsequently been utilized in various
scientific applications (Cataldo and Da Ros, 2008). This paper’s contribution and novelty are as follows: seeking
unique and novel substances that can reduce populations of onion thrips, aiming to keep them below the economic
threshold, thereby obviating the necessity for chemical pesticides. This study also aims to determine the
mechanism of action of these chemicals on T. tabaci’s physiological function. The use of these novel insecticides
may also inhibit or slow the development of pesticide resistance in onion thrips.

2. Materials and Methods
2.1.0nion Thrips population

Thrips samples were collected from green onions in the desert region of Najaf Provence, Irag, during the winter
months of 2021 and 2022 (November—March). Infested green onion plants were grabbed and brought from onion
farms to the laboratory using a plastic bag. Onion plants were examined for the presence of onion thrips. It was
ensured that no pesticides had been sprayed on the plants two weeks before collecting onion plants. The
populations were maintained using green onion seedlings prepared previously for this purpose at 25+1°C, and 70-
80% R.H. Experiments were carried out under the same conditions in an incubator. The host plant used in the
experiments was also green onion. Following the collection of onion thrips, all onion thrips assays were conducted
immediately. Three replicates with ten adults and nymphs of onion thrips were applied for each concentration,
and a control treatment consisted of just distilled water.
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2.2. Synthesis of carbon nanotubes (CNTS)

The carbon nanotubes were acquired from the Chemical Science Department, Faculty of Science, University
of Kufa laboratory and prepared as mentioned in Ordoez-Casanova et al. (2013) and Lafta et al. (2016). Non-
volatile carbonaceous compounds (derived from date palm seeds) must be formed as a gas phase, which needs the
utilization of energy sources or devices from the substrate. MWNTSs with a purity of roughly 85% and a diameter
ranging from 166 to 200 nm were employed as support in this study, which were generated by modified CVD on
ceramic boats without the use of a catalyst. The first phase of this segment was treated and placed in the center of
the tube furnace (XIN YOO electronic components Co. Ltd.), which is the best site for heat recovery for
precipitation. Ceramic boats were used as a support. The prepared seed samples were placed in the combustion
chamber with a complete connection to the rest of the reactor The nitrogen gas was purged to complete the removal
of air from all reaction chamber systems prior to operating the furnace. The reaction temperature was reached
once the furnace was turned on. The synthesis was carried out at 750° C under atmospheric pressure, with a normal
reaction time of 30 minutes in a nitrogen environment and a flow rate of 100cm3/min. The nitrogen gas flow was
gradually lowered to 50cm®/min when the furnace achieved the necessary temperature. A waste date palm sample
was then added to the reaction by turning on the combustion heater and running it in batches The furnace was
turned off and allowed to cool to ambient temperature under a continuous nitrogen flow after precipitation. The
product was then collected for purification before going through the characterization process. The purification of
the manufactured CNTs was done in two steps: The first phase was to heat the product for 4 hours in an oven, and
the second was to oxidize the residual product 30 percent with H,O, at 50°C for 4 days 24. Scanning electron
microscopy (SEM) and Powder X-Ray Diffraction (PXRD), (EDX), Raman Spectroscopy, and FTIR spectra were
used to characterize the produced CNTs. (Kumar and Ando, 2010). All The chemicals used in the experiment,
including zinc chloride (ZnCly), ethanol, and all other substances, were of analytical purity and came from Merck
(Merck and Co., Inc.). All glassware was washed with sterile distilled water and dried in an oven before use.

2.3.Frankincense nanoparticle synthesis (FNPs)

The aqueous extract of Frankincense resin (FR) obtained from the tree of Boswellia serrata was prepared. (5
g) of Frankincense resin (FR) was placed in a 250 ml beaker, adding 100 ml of distilled water. The beaker was
placed on a hot plate stirrer for 30-45 minutes at a temperature not exceeding 50 °C. The mixture was then filtered
through a filter funnel and set aside for the second day. Frankincense nanoparticle was prepared in the laboratory
of the Chemical Sciences Department, Faculty of Science, University of Kufa as mentioned in (Jamdagni et al.,
2018).

Preparation ZnO nanoparticles

Zinc oxide synthesis was carried out by dissolving 6.05g in 200 ml of distilled water according to the molarity
equation (Mirzaei and Darroudi, 2017).

M = wt

MWtxV /1000

Where (M) represents molar concentration, (Wt) represents the weight of the materials utilized, (Mwt)
represents the molecular weight of the materials (g/mole), and (V) represents the volume of distilled water (mL).

Frankincense nanoparticle preparation

The purpose of adding nanoparticles is intended to achieve a high level of adhesion. To prepare frankincense
nanoparticles, a mixture of 100 puL hydrochloric acid (to improve solubility), 50 mL of aqueous frankincense
extract and 200 mL of 0.2 M zinc chloride were put into a beaker. The beaker was placed onto a hot plate stirrer
for one hour at a temperature as little as 80°C. A magnetic stirrer was used to dissolve the solution at 80°C for 2
hours. The light-yellow tinted precipitate that had formed was then allowed to settle for another 18 hours.
Centrifugation at 10000 rpm for 25 minutes was used to remove the precipitate, which was followed by numerous
rinses with distilled water to remove impurities and overnight drying in a hot air oven at 90°C. Crystallinity and
other organic impurities are removed during the calcination process. The powder was calcined for 2 hours
(Jamdagni et al., 2018).
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2.4.Treating onion thrips

Individuals of onion thrips were treated by using (Kondo and Takafuji, 1985) disc Leaflet method, with a slight
modification. Three discs made from the edges of the uppermost leaves of a tomato plant, each 4 cm in diameter,
were placed in a Petri dish 9 cm in diameter and 1.5 cm high. A layer of sponge soaked in water and covered with
filter paper was place in the Petri dish under the leave. The petri dish has a sponge layer soaked with water and
covered with filter paper, leaving no opening between the edges of the tomato leaflet and the perforations. For
replicates in which the disc's outer cover is held in place by pins on all sides. Surround each replicate with cotton
and wiping the plastic cover from the outside with a layer of Vaseline to prevent the thrips from escaping.
Perforating the dish's outer cover with pins for the purpose of injecting water with a (1 mL) medical syringe from
time to time to maintain the leaflet for a longer period and preserving its vitality. Finally, numbering the replicate
with a sharpie pen.

Carbon nanotubes (CNTS) and frankincense nanoparticles (FNTs) were applied to adult and nymphal instars,
since these instars are active feeding stages, using a manual sprayer in differing proportions (0.05, 0.03, 0.01%
and 5,3,1 mg/L, respectively). Distilled water was used as a control treatment in compared to carbon nanotubes,
and zinc oxide (as synthesized above) was used as a control treatment in comparison to frankincense. Thrips
exhibiting ataxia (active, apparently untidy movement), as well as thrips resting on their backs, legs up, or not
moving, were considered dead at 24, 48, and 72 hours (Heinz-Castro et al., 2021). In general, three replicates with
ten individuals were used for each treatment within a trial.

2.5.Egg hatching rate (%)

Onion thrips females were given 24 hours to deposit eggs. Following that, the thrips were removed. Eggs were
sprayed with (0.05%) frankincense nanoparticles (FNTs) and (5mg/L) Carbon nanotubes (CNTS). Zinc oxide (as
mentioned above) was used as a control treatment in comparison to frankincense nanoparticles (FNTS). Distilled
water was used as a control treatment in compared to carbon nanotubes (CNTS). The eggs were checked every
day over the first ten days under a dissecting microscope to determine the egg hatching rate (%). Hatched eggs
were those with a hatching hole or that transformed into nymph, whereas non-hatched eggs were those without a
hatching hole or did not develop into nymph. Three replicates, each with ten adults were used for each treatment.

2.6.Female fecundity

Female onion thrips were exposed tocarbon and frankincense nanoparticles (0.05 percent and 5mg/L,
respectively), and their fertility was measured after that. Ten females were selected and placed in a Petri dish. All
females were placed in Petri dishes under typical circumstances. Each Petri dish with an onion leaf disc represents
as one replicate. The number of eggs laid in their lifetime each day was counted until the females dead. Onion
leaf discs were changed as needed.

2.7.Statistical analyses

Analysis of variance (ANOVA) was conducted using JMP16 Pro® (SAS Institute, Cary, NC). Two-way
ANOVA was used to compare nanomaterials activities on T. tabaci population and means were separated by
Tukey's HSD test. One-way ANOVA was used for the single trial. Cumulative mortality was corrected for natural
death in control using Abbott's formula (Abbott, 1925). An unpaired t-test was used to assess which nanomaterial
treatment differed significantly from the control in egg hatching rate and female fecundity. A (0.05) significance
level was used for all the analyses.

3. Results

The nanomaterial compounds used in this study had varying impacts on the mortality rate, fertility, and
hatching rate of onion thrips (both adults and nymphs), as shown below.

3.1.Effect of CNTs in adult and nymphal stages

The overall results from the CNTSs trials revealed a signifiacnt effect for CNTs treatments and sexposure time
in adult and nyphal instars time (F (11, 22) = 50.14, P<0.0001 and (F (11, 22) = 38.6, P<0.0001), respectively.
Theadult mortality rate varied significantlyamong CNTs treatments and the control. There was a significant main
effect for treatment, F(3, 22) = 51.5, p < .01, and a significant interaction, F(6, 22) = 11.01, P<0.0001). The
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mortality rate of nymphal instar also differed significantly across treatments and time of exposure (F (3, 22) =
45.09, P<.0001and F (2, 22) = 94.7, P<0.0001., respectively). Compared to the control treatment, carbon nanotube
(CNTs) showed a high death rate in adult and nymphal instars (76.7 and 83.2%), respectivly, (Figure 1,3) at
concentrations of 0.05% after 72h of exposure.

3.2. Effect of Frankincense nanoparticles (FNTS) in adult and nymphal stages.

FNTSs trials showed that there was a significant effect for FNTSs treatments and exposure in adult and nymphal
morilty rate of onoin thrips time (F (11, 22) = 9.8, P<0.0001and (F (11, 22) = 20.7, P<0.0001), respectively.
Frankincense nanoparticles (FNPs) treatment at a concentration (5 mg/L) demonstrated a high nymphal mortality
rate of around 43.3% (Figure 2). Additionally, the concentration (5 mg/L) showed the higher nymphal morility
rate with about 565.8% (Figure 4). Frankincense nanoparticles (FNPs) also showed a significant impact
on nymphal mortality, with around (60%) death (Figure 4).

3.3.Effect of CNTs and Frankincense nanoparticles on egg viability

The rate of egg hatching varied significantly between the CNTs and the controls (t=9.192, df= 4, P = 0.0008).
The control treatment had a 90 percent egg hatching rate, compared to around 40 percent of hatched eggs in the
CNTs treatment (Figure 5a). In contrast, there was no significant difference in egg hatching rate between the
frankincense nanoparticles and control treatments (t=1.789, df=4, p= 0.1481) (Figure 5b).

3.4.CNTs and frankincense nanoparticles effect on Female Fecundity

Fecundity of adult females in the CNTs treatment did not differ significantly from the control treatment
(t=2.152, df=4, p=0.0978) (Figure 6a). Similarly, Fecundity of adult females in the FNPs treatment did not differ
significantly from the control treatment (t=1.032, df=4, p= 0.3603) (Figure 6b).
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Figure (1). Onion thrips Thrips tabaci adult mortality rate (Mean + SEM) after exposure to different
concentrations of carbon nanotubes (CNTSs) vs. the control (distilled water only) and exposure time in hours.
P<0.0001, **= significant Bars without connectors were not significantly different.
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Figure (2). Onion thrips Thrips tabaci adult mortality rate (Mean + SEM) after exposure to different
concentrations of frankincense nanoparticles (FR) vs. the control (ZnO) and exposure time in hours.
P<0.0001, **= significant. Bars without connectors were not significantly different.

CNTs
100 * %

80
% %k %k %

60

Nymphal mortality (%)

Bl CNTs (0.05%)
0 CNTs (0.025%)
Bl CNTs (0.01%)
1 Control

Time in Hours

40 * X
3
zz_j S I ﬂ i i ]
24h 48h 72h

Figure (3). Onion thrips Thrips tabaci nymphal mortality rate (Mean += SEM) after exposure to different
concentrations of carbon nanotubes (CNTSs) vs. the control (distilled water only) and exposure time in hours.
P<0.0001, **= significant. Bars without connectors were not significantly different.
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Figure (4). Onion thrips Thrips tabaci nymphal mortality rate (Mean = SEM) after exposure to different
frankincense nanoparticles (FR) concentrations. P<0.0001, **= significant. Bars without connectors were
not significantly different.
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Figure (5). Onion thrips Thrips tabaci egg hatching rate (Mean + SEM). (a) carbon nanotubes CNTs
(0.05%) vs. the control (distilled water only). (b) frankincense nanoparticles FNPs (5mg/L)) vs the control.
P<0.05.
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Figure (6). Mean(+SEM) number of eggs laid by Onion thrips Thrips tabaci female after surviving exposure
to nanomaterials:(a) carbon nanotube (CNTs) and (b) frankincense nanoparticles (FNPs). P > 0.05,ns= non-
significant.

4. Discussion

Few studies have examined the effectiveness of various synthetic nanoparticle compounds against insect pests.
This study tested the effectiveness of two distinct nanoparticle compounds against T. tabaci onion thrips. This
research found that carbon nanotubes and frankincense are effective nanomaterials against onion thrips. The
findings of this study indicate that carbon nanotubes and frankincense are efficient compounds against onion
thrips. CNTs with different structural and chemical compositions may have different effects on onion thrips
(Martins et al., 2019). Carbon nanotubes (CNTs) were shown to have antibacterial properties against numerous
Escherichia coli cells (Kang et al., 2008). However, little study has been conducted on the influence of carbon
nanotubes on insect biological parameters, and most of it has been done in the lab. One of the first was research
on Drosophila (Drosophilidae: Diptera) by (Liu et al., 2009).

Salamn et al. (2021) evaluated the antibacterial activity of crude aqueous extracts of Boswellia sacra bark
against clinical isolates of periodontitis-causing bacteria in vitro (Streptococcus orails, Gemella morbillorum,
and Rothia dentocariosa). They discovered that the concentration (250 mg/L) is more effective than the others.
According to a review by Efferth and Oesch (2020), the phytochemical compounds in frankincense have shown
promise in treating a wide range of conditions, including osteoarthritis, asthma, psoriasis, erythema, plaque-
induced gingivitis, and pain.

The research says nothing about the manufacturing process of zinc oxide, and nothing about safety of any of
the compounds tested. We hypothesize that nanomaterials have essential nutrients to the onion thrips (e.g. de Vries
et al., 2008). From the results provided here, CNTs were found to have an effect on egg viability. In addition,
CNTs and FNPs, at certain concentrations, had an effect on adult and nymphal mortality rates. This could be
because CNTs harm the digestive system of adults and nymph or their metabolic efficiency.

Carbon nanomaterials (CNMs) were shown to negatively impact the reproductive, digestive, and metabolic
efficiency of Spodoptera frugiperda, according to recent research (Martins et al., 2019). In this investigation,
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CNTs had no insecticidal action against female fecundity. CNMs were also not found to have an influence on
female fertility in Drosophila larvae (Liu et al., 2009).

5. Conclusions

In conclusion, carbon nanotubes (CNTSs) and frankincense nanoparticles (FNPs) exhibited potential eco-
freindly insecticidal effects against onion thrips. The use of CNTs had the most significant effect on the mortality
of adult and nymph of onion thrips, the fertility and hatching rate of eggs laid by females, and the overall
population of onion thrips. More study is required to determine the biological mechanisms of these nanomaterials
on onion thrips. This study might aid in the creation of efficient nanoparticle-based treatments.
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Abstract

Quality control of hazelnuts is a major concern in many regions across the world, but particularly in Turkey as the
world's largest hazelnut producer. Using image processing and deep learning techniques, this study intended to
detect and classify healthy hazelnuts and hazelnuts infected with the Brown Marmorated Stink Bug. Infected
hazelnut samples were collected from the 2021 production period by experts. A Guppy Pro CCD camera-based
image acquisition system was used to capture hazelnut images. A total of 400 RGB hazelnut images were captured
to train machine learning models. Image segmentation process was carried out to subtract hazelnut images from
the background using the Thresholding technique. Moment features were extracted from RGB and I*a*b* spaces
to be used to train traditional machine learning models. Furthermore, the most relevant and discriminative feature
set was selected using the Boruta feature selection method. Traditional machine learning models including
Random Forest, Support Vector Machine, Logistic Regression, Naive Bayes, and Decision Tree were trained
twice, once with all features and another with the selected feature set only. The overall accuracy, statistical
characteristics of the confusion matrix, and model training time were all calculated to evaluate and compare models
performances. As a result, threshold value of 50 was determined from the gray level histogram and was able to
separate hazelnut image from the background perfectly. Only seven moment features were identified as the most
discriminative features out of 24 features. The SVM model with all feature vectors had the greatest classification
accuracy of 98.75 %. When only the selected features were employed, the performance of Random Forest and
Logistic Regression models improved to 97.5 and 96.25 %, respectively.
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Oz

Fidigmm kalite kontrolii, diinyanin birgcok bdlgesinde, 6zellikle de diinyanin en biiyiik findik iireticisi olan
Tiirkiye'de biiyiik bir problem kaynagidir. Bu ¢aligma, goriintii isleme ve derin 6grenme tekniklerini kullanarak,
Kahverengi Kokarca ile enfekte olmus ve saglikli findiklari birbirinden ayirarak belirlemek ve smiflandirmak
amaglanmigtir. Kahverengi Kokarcali findik 6rnekleri, uzmanlar tarafindan 2021 tiretim doneminden elde
edilmistir. Findik goriintiilerini yakalamak i¢in Guppy Pro CCD kamera tabanli goriintii alma sistemi kullanilmistir.
Geleneksel makine 6grenme modellerini egitmek i¢in toplam olarak 400 RGB findik goriintiisii alinmistir. Findik
gorlintiilerinin arka plandan c¢ikarilmasi icin goriintii boliintileme islemi Esikleme teknigi kullanilarak
gerceklestirilmistir. Findik moment 6zellikleri, geleneksel makine 6grenme modellerini egitmek icin kullanilmak
iizere RGB ve 1*a*b* renk c¢ikarilmigtir. Ayrica, Boruta 6zellik se¢im yontemi kullanilarak en 6nemli ve en ayirt
edici Oznitelik seti secilmistir. Rastgele Orman, Destek Vektér Makinesi, Lojistik Regresyon, Naive Bayes ve
Karar Agaci dahil olmak {izere geleneksel makine 6grenme modelleri, bir kez tiim 6zelliklerle ve bir kez daha
yalnizca secilmis 6zelliklerle olmak iizere iki kez egitilmistir. Genel dogruluk, karisiklik matrisinin istatistiksel
ozellikleri ve model egitim siiresinin tiimii, modelin siniflandirma performansini degerlendirmek ve karsilagtirmak
i¢in hesaplanmigtir. Sonug olarak, gri seviye histogramindan 50 esik degeri belirlenmistir ve findik goriintiisiinii
arka plandan miikemmel bir sekilde ayirabilmistir. Cikartilmig 24 6zellik arasindan en ayirt edici 6zellik olarak
sadece yedi tane renk 6zelligi belirlenmistir. Tiim ¢ikartilmis 6zellikler kullandiktan sonra Destek Vektor Makinesi
modeli kullanilarak, %98.75 ile en yiiksek smniflandirma dogrulugu elde edilmistir. Ayni zamanda tiim
ozelliklerden sadece secilen 6zellikler kullanildiginda Rastgele Orman ve Lojistik Regresyon (smilandiricilarinin)
modellerinin performansi sirastyla %97.5 ve %96.25'e kadar yiikselmistir.

Anahtar Kelimeler: Destek vektor makinesi, Findik, Ozellik segme, Ozellik gikartma, Boruta
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1. Introduction

Hazelnut (Corylus avellana L.) is a seasonal fruit related to the family of Betulaceae of Fagales ordo
(Aydinoglu, 2010). Hazelnut grows in various places of the world such as USA, Italy, China, and Spain, while
Turkey produces the majority of commercial hazelnuts (FAOSTAT, 2019). Hazelnuts are extensively utilized in
the confectionery industry due to their flavor and taste. They have a great nutritional value because they contain a
variety of constituents, primarily lipids, carbohydrates, proteins, sugar, and dietary fibers (Memoli et al., 2017).
However, many factors influence hazelnut production and quality around the world. Temperature, humidity, mold,
and pests all have a significant impact on hazelnut quality and yield.

One of the most serious defects facing the production of hazelnuts in Turkey is hazelnut defection generated
by the Brown Marmorated Stink Bug (BMSB). During the development period, the BMSB penetrates the hazelnut
and feeds on the nuts. The damage that occurs inside hazelnut rises as the pest grows, and even a minor attack
might jeopardize hazelnut quality. When the insect feeds, saliva is sent down one maxillary stylet while food is
sucked up via another (Mitchell, 2018). Through the feeding process, the fruit's skin is damaged, and enclosing
tissue is removed, resulting in serious injuries (Short, 2010). Depending on where the insect feeds on the fruits,
they can produce blanks, shrink or corking incidents, or injuries on the kernels (Saruhan, 2010). Hazelnut kernel
infected with the Brown Marmorated Stink Bug varies in their infection severity level. Due to the pest's different
behaviors, the external symptoms could appear as very clear dark skin injuries and discoloration or very small
entry points resulting from the insertion of the mouthpart (Short, 2010). The insect has not been managed yet, and
the consequent loss from this insect is sometimes hidden or not visually detectable on the fruit surface (Saruhan,
2010). However, post-harvest hazelnut evaluations revealed that BMSB feeding appears to have harmed a
significant proportion of nuts. The damaged kernels seem shriveled and withered, with evident feeding points
consisting of a noticeable depression encircled by necrotic tissue areas that can lead to mildew and rotting (Molnar,
2010). Christopher (2014), evaluated the destruction caused by H. halys adults feeding on hazelnut kernels. As a
result, the author claims that when stink bugs feed on ripe nuts, a higher percentage of kernels develop corky,
white, rotting kernel tissue, with no statistically significant differences variation in the proportion of damaged
kernels exhibiting these symptoms in field or laboratory studies. Economically, in the last few years; the pest
caused damages of 200 Million Dollars in 2017, 300 Million in 2018, and about 500 Million in 2019 for the total
hazelnut production in Turkey which negatively affected the hazelnut export value (Anonymous, 2019). Applying
machine vision with pattern recognition techniques, machine learning, and deep learning algorithms to identify
hazelnuts has numerous advantages over traditional sorting methods.

During post-harvest processing operations the primary method for detecting defects in the fruits is visual
inspection, which includes sample preparation, consecutive sampling methods, visual and sensory characteristics
examination, and dismisses nut classification. This technique, which is focused on visual and organoleptic
evaluation takes time and trained workers for accurate nuts classification. Other methods have been studied to
develop smart inspection techniques for inspecting hazelnut quality characteristics. Machines supported by
mechanical approaches such as calibrator devices are used to characterize the dimensions of the shell and empty
nuts. These machines are advantageous for the pre-treatment of the products, but they are not quality management
mechanisms. A unique approach for detecting blank hazelnuts has been proposed, depending on an examination
of the acoustic signal generated by the nut's action on a steel surface (Onaran et al., 2005).

In field of hazelnut defect detection, few works have been done using artifiecial intellegence based technologies
such as; Deep learning , Machine learning, and Image processing. Fungal contaminated hazelnut kernels were
categorized using A two-dimensional local discriminant bases algorithm and multispectral imaging technique. For
hazelnuts that were both contaminated and uncontaminated with aflatoxin, a classification accuracy of 92.3% was
attained (Kalkan and Cetisli, 2011). Solak and Altinisik (2018) classified and detected hazelnuts using image
processing and clustering techniques. The size and area features were extracted from hazelnut images and
hazelnuts were divided into three classes. The use of mean-based classification and K-means clustering algorithms
yielded 100 detection and classification accuracy. The whole defective hazelnuts were detected by Kivrak and
Giirbiiz (2019) using image processing and machine learning techniques. The goal of the work was to distinguish
intact hazelnuts from damaged or defective ones. Images of hazelnut samples were captured using a cell phone
and processed using image labelling techniques. Satisfactory results were obtained using the supervised learning
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method. Furthermore, a computer vision system was used to classify the partly skin removed hazelnut kernel, skin
removed and rotten hazelnuts kernels. The processed hazelnut kernels are classified with a classification accuracy
rate of 93.57 % (Guvenc et al., 2015)

There is no satisfactory technique for detecting insect pests in hazelnuts rapidly after harvest. Under existing
production procedures, the most common technique for detecting defected hazelnuts involves manual selection,
which is time-consuming, subjective, labor-intensive, and does not recognize hazelnut with very low severity
levels. As a result, there is a need to raise the level of subjectivity, stability and effectiveness in assessing hazelnut
quality. The digital image processing Approaches and artificial intelligence methods can play a significant role in
this endeavor as the method offers the potential for high speed, non-destructive classification of hazelnut
(YYadhunath et al., 2022). Machine vision systems are suitable for inspecting rigid and predefined objects. However,
visual characteristic of agricultural products such as color, shape, texture are difficult for machine vision system
to discern. Artificial intelligence algorithms such as artificial neural network have presented to be powerful in
dealing with the type of problems that require interpolation of huge amount of data. The main aim of this study
was to apply image analysis and different machine learning algoriths to separate healthy hazelnut from BMSB-
defected hazelnut.

2. Materials and Methods
2.1. Materials
2.1.1. Hazelnut Samples

For classification purpose, normal and Brown Marmorated Stink Bug-infected hazelnuts were used in this
experiment. Brown Marmorated Stink Bug-infected hazelnut samples were taken from a commercial hazelnut
processing factory, which were previously harvested in the Black Sea region of Samsun. Before using hazelnut
samples in this experiment, specialist assessors from the Plant Protection Department identified the damaged
hazelnut samples as Brown Marmorated Stink Bug-infested samples. Infected hazelnut samples contained a
mixture of hazelnut varieties, however the most commonly observed type was the Tombul variety, which is the
most widespread hazelnut variety in the Black Sea region. Figure 1 shows hazelnut samples infested with brown
marmorated stink bug at various levels of severity and healthy hazelnut samples.

Figure 1. Normal and BMSB infected hazelnut samples, a; severely infected samples, b; slightly infected
samples, ¢; normal samples

2.1.2. Computer Vision and Image Acquisition System

The image acquisition and machine vision system in this work was constructed and built in the biological
material laboratory of Ondokuz Mayis University's Agricultural Machinery and Technologies Engineering
Department (Figure 2). The components of the machine vision and image acquisition system were; darkened
imaging chamber for adequate and well-distributed light, an image acquisition camera, a halogen lamp, a computer,
and software.
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e

Figure 2. Image acquisition system
2.1.2.1. Image Acquisition

For image acquisition, an Allied Vision Technology Guppy PRO F-032 economical FireWire camera with a
Sony ICX424 CCD type sensor was employed. As demonstrated in Figure 3 the sensor used for image acquisition
was capable of capturing images in color and monochrome formats at wavelengths extending from 400 to 1000
nm at 82.0 frames p er second and 0.3 MP resolutions. The system showed high performance in RGB color space
when used to classify cashew kernels using color features (Baitu et al., 2023).
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Figure 3. Absolute quantum efficiency of the CCD sensor in RGB and Monochrome color spaces

2.1.2.2. Image Processing and Image Analysis Software

In this study, Spyder (Python 3.8.8) was used as image analysis and image processing software (Figure 4),
which is initially created and developed by Raybaut (2009) as an integrated development environment (IDE) for
Python-based programming languages. Spyder software incorporates many well-known scientific Python
packages. The packages that were used in this research included; NumPy for reading images in form of arrays,
SciPy for solving mathematical, scientific, engineering, and technical problems besides manipulating and
visualizing data, Matplotlib for plotting images and figures, Pandas for adjusting data in form of data frames, and
other open-source software. On the other side, Open CV (Open Source Computer Vision Library) was used mainly
as an open-source library for machine and deep learning models, and image processing purposes in this study.
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Figure 4. Spyder (Python 3.8.8) integrated development environment (IDE) Software

2. 2. Methods
2.2.1. Hazelnut Image Acquisition

Using the image acquisition system and the AVT Smart View image capture application, hazelnut samples
were manually positioned on the sample holder and placed under the camera one by one. Two separate portions of
the hazelnut surface were rotated and randomly captured for each sample. A total of 400 defective and normal
hazelnut samples were captured in RGB (400-700) color space from a distance of 37 cm to be used in traing
machine learning models as training and validation datasets. As the aim of the study was a classification target
task, hazelnut images were captured at a resolution of 80x80 pixels.

2.2.2. Image Processing
2.2.2.1. Image Segmentation for Background Removal

Various image segmentation techniques are available, but the most applicable methods are; Otsu’s thresholding,
adaptive thresholding, and simple (global) thresholding techniques. Otsu thresholding technology is a powerful
background extraction approach, but sometimes the algorithm uses large T values. Adaptive thresholding is a
technique that calculates the threshold value for smaller regions, resulting in varying threshold values for different
regions, making this technique unsuitable for our scenario. Global thresholding determines the threshold value
based on the histogram of the overall pixel intensity distribution of the image as it performs better under controlled
illumination conditions. Since in our case, it was capable to observe the image histogram clearly in the image
acquisition software, global thresholding was the suitable method for separating hazelnut samples from the
background. An image histogram is a graph that shows the distribution of image intensities in a given color space.
In this study, a threshold value from the grayscale image histogram is used to transform hazelnut images from
grayscale to binary images (black and white). The binary image was masked with the original image using the
Bitwise-and operation to get the segmented RGB hazelnut images. The overall segmentation process is illustrated
in Figure 5.

789



Gadalla & Oztekin
Image Processing and Traditional Machine Learning Based Classification of Brown Marmorated Stink Bug (Halyomorpha Halys) Defected Hazelnut

Conversion to Grav Scale

Gray Scale
Image

Applyving Simple ﬂ%esholding Method

L 4

Applving Bitwise-

’ Binary
and Operation

Image

Segmented RGB

Image

Figure 5. The overall process of hazelnut image segmentation algorithm
2.2.2.2. Feature Extraction

Proper feature extraction from the image is a key factor for a proper classification process. An appropriate
feature set for a class should form a tight cluster around the centroid of that class. In this study, the insect performs
shrivel or corking damage on hazelnut kernels and hazelnut kernel infected with the Brown Marmorated Stink Bug
varies in their infection symptoms due to the pest's different behaviors. The external symptoms could appear as
very clear dark skin injuries and discoloration or very small entry points resulting from the insertion of the
mouthpart (Short, 2010). Also, changes in whole kernel color and changes in color where the mouth is inserted
were observed (Ali, 2018). To improve the efficiency of hazelnut classification, color features from RGB and
CIELAB (a color space specified by the International Commission on Illumination CIE) color spaces were
extracted in this work. Therefore, hazelnut images in RGB and CIELAB (L*a*b*) color spaces were split into R
(red), G (green), B (blue), L (1), A (a), and B (b). Moments features representing mean, variance, range, and
skewness were captured from the split color spaces (Teimouri et al., 2016; Ozliioymak and Guzel, 2020).

2.2.2.3. Feature Selection

A feature selection algorithm was developed to select only the most relevant and discriminative features. Using
BorutaPy from Boruta, a feature selector was created using the XGBoost classifier and utilized to fit in the train
and test dataset. The contribution of all features was ranked and the features that ranked 1 were kept.

2.2.3. Machine learning Models

To determine the capability of RGB and lab color features in classifying BMSB-defected hazelnuts and healthy
ones, the extracted features were used to train traditional machine learning classifiers. A total of 400 normal and
defected hazelnut samples were used in this study for this purpose. 80% of the samples which count 320 hazelnut
samples were applied for training purpose while the remaining 20% (80 samples) was used to test the classifiers.
Here, the traditional machine learning classifiers were; Support Vector Machine, Logistic Regression, Naive Bayes,
Decision Tree, and Random Forest classifier with 100 estimators. To evaluate the efficiency of the selected features
in hazelnut classification, the classifiers were trained two times, firstly with the bulk features before applying any
feature selection algorithm; secondly, the classifiers were trained using only the selected features. The model's
performance was measured by calculating classification accuracy, confusion matrix and statistical parameters, and
model execution (training) time.
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2.2.4. Evaluation of Models Performances

For model performance evaluation, confusion matrix related to all traditional machine learning classifiers was
extracted. The parameters in the confusion matrix express the actual labels of the hazelnut class and the labels
predicted by the classifiers. The instances in the actual class are represented by the columns of the matrix, while
the instances in the predicted class are represented by the rows. This can be used to see if the classifier is frequently
mislabeling one item as another. A two-class confusion matrix is a two-row, two-column table that enables more
detailed analysis than accuracy rate. The confusion matrix and the data entries for two-class classifiers are
presented in Table 1. We used a confusion matrix in this work because classification accuracy is not a trustable
measure for evaluating a classifier's efficiency, and it can generate misleading results when the quantity of samples
in different classes varies greatly (Ghosh et al., 2014).

Table 1. Confusion matrix for two class classifier

Predicted class

Positive Negative
Actual class
Positive tp fp
Negative fn tn

Where;

‘tp’ represents the number of positive samples classified as positive, ‘fp’ is the number of negative samples
classified as positive, ‘fn’ is the number of positive samples classified as negative, and ‘tn’ is the number of
negative samples classified as negative. Also, we evaluated the performance of our traditional models depending
on some confusion matrix metrics such as precision, specificity, and sensitivity. The formulas of these measures
are presented in Table 2 (Taheri et al., 2015).

Table 2. Statistics parameters of confusion matrix and related formulas

Measure Formula Evaluation focus

Accuracy ___nTPnTN Calculate the classifier's general performance.
nTP nTN nFP nFN

Recall __nrte The class arrangement between the data labels and the
nTP + nFN

classifier's positive labels

Precision _nteP An evaluation of a classifier's capacity to identify
nTP +nkp incidences of a specific class.

Specificity __nTN How well a classifier can detect negative labels
nTN + nFP

3. RESULTS AND DISCUSSION
3.1. Image Segmentation

Image segmentation process is the primary stage of the image processing task. To segment hazelnut images
from the background, simple (global) thresholding approach was applied. A threshold value of 50 was determined
from the gray-level histogram (Figure 6) and the value was able to separate the background from hazelnut images
properly. According to the histogram, hazelnut image pixels with intensities greater than 50 demonstrate the
hazelnut image, while the pixels with intensities less than the threshold value demonstrate the dark background.
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Figure 6. Gray-level histogram of hazelnut image

The applied background removal method was sufficient to get the required RGB hazelnut images as illustrated
in Figure 7. The simple thresholding technique was efficient in the segmentation process and was applied
frequently by researchers for background removal purposes (Senthilkumaran and Vaithegi, 2016).

a b C

Figure 7. Segmentation steps. (a) RGB image, (b) Gray hazelnut image, (c) Thresholded image, (d)
Segmented image

3.2. Feature Extraction and Selection

A total of 24 color features were extracted and saved to an excel file. These features were tested by the
classifiers to evaluate their performance in predicting hazelnut classes. The applied feature selection algorithm
confirmed that out of 24 features only 7 color features were important and discriminative more than the other
features. The confirmed and rejected features are present in Table 3.

The majority of the accepted features were displayed in the I*a*b* color space, which reflects the reality
described by Saruhan (2010) when researching the symptoms of BMSB infestation on hazelnut kernels after
harvesting. In the I*, a*, and b* color spaces, the defection caused by the BMSB appears as discoloration and color
changes. The characteristics of red mean, green skewness, and green mean were also found to be effective in
classifying hazelnut into BMSB-defected and healthy hazelnut. This may support the theory of, BMSB infestations
on hazelnut surfaces appear such little yellowish-green spots (Short, 2010).

792



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(4)
Table 3. Confirmed and rejected features by applying BorutaPy

No.  Feature Status No.  Feature Status

1 Red mean Confirmed 13 I* mean Rejected

2 Green mean Confirmed 14 a* mean Confirmed
3 Blue mean Rejected 15 b* mean Rejected

4 Red variance Rejected 16 I* variance Confirmed
5 Green variance Rejected 17 a* variance Rejected

6 Blue variance Rejected 18 b* variance Rejected

7 Red range Rejected 19 I* range Rejected

8 Green Range Rejected 20 a* range Rejected
9 Blue Range Rejected 21 b* range Rejected
10 Red skewness Rejected 22 I* skewness Rejected
11 Green skewness Confirmed 23 a* skewness Confirmed
12 Blue skewness Rejected 24 b* skewness Confirmed

3.3. Machine Learning Models Performance

Using test data, the performance of all trained traditional machine learning classifiers was assessed, as well as
the confusion matrix. Table 4 shows the classifier's performance resulting from training traditional machine
learning classifiers with bulk features before any feature selection process.

Table 4. Classification accuracy and training time with bulk features

No. Classifier Acc. with bulk features Training time

1 Support Vector Machine 98.75 0:00:00.007994
2 Logistic Regression 96.25 0:00:00.021987
3 Random Forest 95% 0:00:05.538398
4 Decision Tree 93.75 0:00:16.806870
5 Naive Bayes 90% 0:00:00.001998

Based on all the extracted feature vectors, the highest classification accuracy (98.75%) was achieved from the
Support Vector Machine model. This model can construct a good hazelnut classification system in real-time
applications in food industries. Using the same color features, a Support Vector Machine-based computer vision
system was developed and applied in real-time to classify pistachio nut kernels, and the same result was obtained
(Nouri et al., 2017). Pacheco and Lopez (2019) utilized RGB and 1*¥a*b* color features with the digital image
processing techniques for tomato flaws detection purposes. Multiple unsupervised machine learning algorithms
were applied to identify the highest classification performance depending on the overall accuracy and confusion
matrix metric and performance indices parameters such as precision, sensitivity, and specificity. Classification
performances of 98.6, 98.3, 92, and 100% were achieved in the results for accuracy, specificity, precision, and
sensitivity, respectively. These results consider very comparable to our results when RGB and I*a*b* color
features were used. Acceptable performance was also achieved by training Random Forest and Logistic Regression
models with bulk features, with an overall accuracy of 95 % and 96.25%, respectively. The confusion matrix was
created to evaluate the effectiveness of each classifier in predicting individual hazelnut classes using all feature
vectors as shown in Figure 8.

The Decision Tree and Naive Bayes models had the lowest classification accuracy amongst the classifiers, with
90 % and 93.75 %, respectively. A comparable result was achieved from a Decision Tree-based classifier applied
to classify areca nuts into healthy and defective nuts (Akshay and Hegde, 2021). Statistical parameters related to
the confusion matrix were also calculated and presented in Table 5.

The Support Vector Machine showed the highest accuracy in predicting defective and healthy hazelnut samples
when traditional machine learning classifiers were validated. However, the sensitivity of all classifiers (in except
of Naive Bayes classifier) in predicting defected hazelnut samples was very high and reached 100%. When
predicting defected hazelnut samples. Individually, the least classification accuracy of defected hazelnut prediction
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was achieved from Naive Bayes classifier. Hence, out of all defected hazelnut samples, 5 samples were falsely
predicted as healthy samples which reduced the sensitivity of the model.
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Figure 8. Confusion matrix of traditional classifiers; Support Vector Machine (a), Random Forest (b),

Logistic Regression (c), Naive Bayes (d), and Decision tree (e)

Table 5. Confusion matrix statistical parameters related to defected and healthy healthy classes with bulk

features.
NO. Measure % Classifiers

SVM RF LR NB DT
1 Recall 100 100 100 89 100
2 Precision 97.7 90.9 93 93 88.6
3 Specificity 97 90 92 91 87.8

The classification accuracy of Random Forest and Naive Bayes classifiers was improved by using the feature
selection technique. That seems to be, the applied feature selection technique reduced the redundant data and
minimized the opportunity of making decisions based on noise, resulting in increased accuracy (Balachandran et
al., 2018). Furthermore, the Support Vector Machine's classification accuracy with the selected features was
reduced to 96.25 %. Table 6 shows the performance of traditional machine learning classifiers using the selected
features.

Table 6. Classification accuracy and training time with selected feature

No. Classifier Acc. with bulk Training time
features

1 Random Forest 97.5% 0:00:00.256844

2 Support Vector Machine  96.25% 0:00:00.005997

3 Logistic Regression 96.25% 0:00:00.021984

4 Naive Bayes 93.75% 0:00:00.001997

5 Decision Tree 93.75% 0:00:00.004996

Since the primary aim of the SVM classifier is to find the best and most appropriate separating
hyperplane in an N-dimensional space that perfectly distinguishes the data point, in our case, using all
input data (features) may have helped to create a plane with a maximum margin, which maximized the
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distance between the data points of the defected and healthy hazelnut classes, resulting in improved
classification accuracy. When only selected features were used, all machine learning classifiers
performed positively by decreasing model training time. Figure 9 represents the confusion matrices of
the classifiers with the selected features. Color features have been identified as powerful features in
multiple classification tasks. Hong et al. (2011) used image processing and machine learning approaches
to assess the quality of peanut products using the same color features. Based on pattern recognition, the
color features R, G, and B of the damaged area were extracted to identify the damaged peanuts. The
recognition task was completed with an accuracy of 80.12%. Furthermore, color features were selected
from shape and color combinations to classify white cashew nut kernels using Artificial Neural
Networks. from the input cashew kernel images, 24 color features were selected to achieve an accuracy
of 88.93% (Narendra and Hareesha, 2016).
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Figure 9. Confusion matrix of traditional classifiers; Support Vector Machine (a), Random Forest (b),
Logistic Regression (c), Naive Bayes (d), and Decision tree (e)

While the accuracy Random Forest and Naive Bayes models was enhanced by considering only the relevant
features, precision rate was also enhanced to be 95% for each of them. However, the statistical parameters of the
SVM model were generally decreased as the overall classification accuracy was decreased as in Table 7.

Table 7. Confusion matrix statistical parameters related to defected and healthy classes with selected features.

NO. Measure % Classifiers

SVM RF LR NB DT
1 Recall 100 100 100 95 100
2 Precision 93 95 93 95 88.6
3 Specificity 92 95 92 94 87.8

4. Conclusion

After testing different background subtraction methods, the applied background subtraction thresholding
method was able to extract the hazelnut image from the background perfectly and overcome the difficulties
resulting from hazelnut spot color variation. The extracted color moment features represent in mean, variance,
range, and skewness in the I*a*b* and RGB split color spaces were able to be describable and distinguishable in
classifying healthy and hazelnut that defected with the BMSB. When all extracted moment features were applied
for hazelnut classification, the Support Vector Machine classifier performed better than other traditional machine
learning algorithms. After testing several feature selection approaches, the BorutaPy feature selector was identified
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as the most suitable one, and able to select the most relevant and discriminative features. Only seven features were
selected from a total of 24 I*a*b* and RGB split color feature spaces. Using this strategy, data redundancy was
also reduced. The majority of the features selected originated from the I*a*b* color spaces. As a result, the changes
in hazelnut generated by brown marmorated stink insect infestation have been recognized to appear mostly in this
color space after harvesting.

By training traditional machine learning classifiers with the selected futures only, the performances of most of
these classifiers were improved. The performance of Random Forest, Naive Byes, and Logistic Regression models
was increased as well as the training time was reduced. In this case, the features selection objective was achieved
by improving the learning process of machine learning models and increasing the predictive power of machine
learning algorithms by selecting the most important and the most relevant variables and eliminating redundant and
irrelevant features. There was no improvement in Decision Tress classifier performance in terms of accuracy,
precision, and recall parameters. However, an improvement in processing time was achieved. The performance of
the Support Vector Machine model by using only the selected features was decreased due to the margin
maximization.

Although machine learning and deep learning models for computer and machine vision are widely used around
the world and applied in various field, hazelnut research integrating this technology is very limited, leaving a
significant gap in the sector. This gap is appearing in hazelnut processing factories and food industries. In addition,
there are still manual and semi-automated hazelnut sorting and classification systems in use in post-harvest
activities. These systems consider very poor, time-consuming, and inefficient systems. To overcome this challenge,
it can be concluded that using the same technology more investigations are necessary for the hazelnut quality
control to facilitate hazelnut processing easier in the food industry and increasing hazelnut quality. Hazelnut
infestation with BMSB is a relatively new problem and is under investigation. In particular, hazelnut infestation
by the BMSB poses a serious threat to hazelnut quality on a wide scale and negatively impacts national and
international marketability and acceptability.
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Agricultural Production Connectedness and Networks in Tiirkiye

Tiirkiye’de Tarimsal Uretim Baglantililig1 ve Aglart

Tiirker Acikgoz'”
Abstract

The world’s population has been growing rapidly and since the 2006-2008 global food crisis, it has been
questioned many times that how the world’s growing population will be fed properly. According to reputable
international institutions, the world may be insufficient to supply enough food in the near future, and this fact may
cause many economic, social, and government problems. In Tiirkiye, these problems will be realized more harshly
than in peer countries for some reasons. Tiirkiye has one of the highest population growth rates in the world, while
it hosts the highest number of refugees in the world. In addition, Tiirkiye’s agriculture sector has been experiencing
a harsh downfall recently and the country has been dependent on importing food and agricultural commodities.
Therefore, in this paper, | investigate the connectedness and networks of agricultural production in Tirkiye by
using the connectedness approach of Diebold and Yilmaz (2012, 2014), which is based on the forecast error
variance decomposition methodology of generalized vector autoregressive models. | use Tiirkiye’s most produced
agricultural commaodity data, which are barley, wheat, rye, paddy, lentil, chickpea, and oat. The material consists
of annual production data from 1938 to 2019. According to the analysis results, Tiirkiye’s agricultural production
has been highly connected. Our findings show that production shocks arising from wheat and barley have spilled
over to other commaodities. Agricultural production networks and pairwise spillovers also exhibit a similar result
that most of the commodities are highly interconnected to wheat and barley production. Besides, pairwise
connectedness results show that there are some strong and weak connectivity relations, and these can be used for
the decision-making process, risk aversion, and risk-seeking purposes. Our findings have important implications
for policymaking for institutions, diversification, and risk management for producers, suppliers, and traders.
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Oz

Diinya niifusu hizla artmakta ve 2006-2008 kiiresel gida krizinden bu yana diinya niifusunun nasil doyurulacagi
sorusu defalarca kez sorulmaktadir. Saygin uluslararasi kuruluslara gore, diinya yakin bir gelecekte yeterli giday1
tedarik etmekte yetersiz kalabilir ve bu durum birgok ekonomik, sosyal ve devlet sorununa neden olabilir.
Tiirkiye'de bu sorunlarin bazi nedenden dolay1 benzer iilkelere gbre daha sert bir sekilde gergeklesecegine
inanilmaktadir. Tiirkiye, diinyadaki en yiliksek niifus artis oranlarindan birine sahipken, diinyanin en fazla
miilteciye ev sahipligi yapan iilkesidir. Buna ek olarak, Tiirkiye'nin tarim sektorii son yillarda sert bir diisiis
yasamakta ve lilke gida ve tarimsal emtia ithalatina bagimli hale gelmektedir. Bu baglamda, bu ¢alismada, Vektor
Otoregresif Modellerinin tahmin hata varyans ayrigtirma metodolojisine dayanan Diebold ve Yilmaz'in (2012,
2014) baglantililik yaklasimi kullanilarak Tiirkiye'deki tarimsal iiretimin baglantililik ve aglar1 arastirilmaktadir.
Calismada Tiirkiye’de en ¢ok iiretilen yedi tarimsal emtianin verisi kullanilmistir. Bu tiriinler; arpa, bugday, cavdar,
pirin¢, mercimek, nohut ve yulaf seklindedir. Aragtirmada kullanilan veri seti 1938 yilindan 2019 yilina kadarki
stireyi kapsayan tarimsal iiretim verisidir. Analiz sonuglarina gore, Tiirkiye'nin tarimsal tiretimi yiliksek oranda
baglantilidir. Arastirmanin bulgulari, bugday ve arpa kaynakli {iretim soklarinin diger tarim iiriinlerine de 6nemli
Olciide sigradigint gostermektedir. Tarimsal iiretim aglari ve ikili yayilmalar, emtialarin ¢ogunun bugday ve arpa
tiretimiyle yiiksek oranda baglantili oldugu konusunda da benzer bir sonug sergiler. Ayrica, ikili baglantililik
sonuglari, bazi giiclii ve zayif baglant1 iliskilerinin oldugunu ve bunlarin karar verme siireci, riskten kaginma ve
risk arama i¢in kullanilabilecegini gostermektedir. Bulgularimizin kurumlar igin politika olusturma, ¢esitlendirme
ve Ureticiler, tedarikgiler ve tiiccarlar i¢in risk yonetimi i¢in 6nemli etkileri vardir.

Anahtar Kelimeler: Tarimsal iretim, Tarimsal politika, Ag analizi, Risk yonetimi, Yayilma etkileri
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1. Introduction

Since the recent global food crisis (from 2006 to mid-2008), the question of “how the world’s growing
population will be fed” has started to gain popularity and become one of the main questions by many national and
international institutions (FAO, 2009; Tian et al., 2021). According to the projections of the United Nations, the
world population will reach 9.3 billion by 2050. In this situation, the world has to increase its current global crop
production by %70-%100 and this estimation has been made by taking consumption and income growth trends
into account (Bruinsma, 2009; Van Wart et al., 2013). Although past and current production of agricultural
commodities has been sufficient to support the growing population (Pingali, 2012; Rosa et al., 2018), the world is
moving toward the point where this situation may change (Negis et al., 2017). Thus, policymakers and institutions
of national economies should take action and set measures proactively and manage the oncoming risks due to
agricultural production and access to food.

The agricultural production has an important place in national economies because of its highly integrated
structure with social conflicts and macroeconomic problems (Bozkurt and Kaya, 2021). On the macroeconomic
side, its importance is irrefutable for economic growth (Singariya and Naval, 2016; Mohammed, 2020), the labor
market (Mellor, 1995; Cristea and Noja, 2019), and sustainable development (Johnston, 1970; Asim and Akbar,
2019), and its interrelation with the real side of the economy (Mohammad, 2020), both industrial and services,
makes it one of the most important sectors in nations’ economies. For socioeconomics, agricultural production has
an important sociological role in societies as it bears and rivets negative impacts of income inequality and poverty
(Machethe, 2004; Dhahri and Omri, 2020), and thus, it may cause social conflicts (Crost et al., 2018). Therefore,
determining policies on agricultural production can be counted as one of the most crucial ones for policymakers
and economic institutions in a nation for the sake of macroeconomic stability, future growth, sustainable
development, and social welfare.

In the Republic of Tirkiye, | believe that this problem will be realized more harshly than peer nations. There
are many indicators that confirm this hypothesis. First, Tiirkiye’s population grows rapidly. According to World
Bank (2022) statistics, Tiirkiye has the second-highest population growth rate (last 10 years average is %1.5) in
the European region after Luxembourg. Second, in addition to its swiftly increasing population, Tirkiye is the
number one country that hosts the highest number of refugees in the world with approximately 3.7 million refugees
(UNHCR, 2022). With a high growth rate of population and being a center for immigration, Tiirkiye has to feed
its rapidly growing population and may face many problems for this purpose.

Table 1. Tiirkiye’s Export-lmport Data of Agriculture, Forestry and Fishing (Thousands of US$)

Year Export Import Net Export (Export-Import)
2021 7,160,039 12,082,065 -4,922,027
2020 5,956,937 9,834,246 -3,877,309
2019 5,588,545 9,835,392 -4,246,847
2018 5,846,649 9,498,144 -3,651,495
2017 5,579,339 9,374,405 -3,795,066
2016 5,686,894 7,345,239 -1,658,344
2015 5,293,786 7,501,500 -2,207,713
2014 5,712,144 8,948,939 -3,236,795
2013 5,339,324 7,792,640 -2,453,317
Mean 5,795,962 9,134,730 -3,338,768
Standard Deviation 522,681 1,396,901 990,223

Third, Tiirkiye’s agriculture sector has been decaying for a long time. Table 1 reports export and import
statistics of Tiirkiye’s agriculture, forestry, and fishing industries (TURKSTAT, 2022). There is a huge gap
between import and export values. According to table 1, Tiirkiye’s food demand has been dependent on and
fulfilled by imports from other countries more and more every year. This picture has been realized because the
demand for food has been increasing owing to the rapidly increasing population and immigration. But the supply
side is in an insufficient position and cannot catch the trend. Considering global trends in increasing food prices
and global population, exchange rates in Tiirkiye, and energy prices, this import-based agriculture policy is
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unsustainable. Thus, meeting the food demand by importing can cause many problems in the future. In the near
future, the dependance on imports for food can reach to a point of no return. Therefore, it is not a sustainable
solution to the problem.

Based on the discussion above, | believe that Tiirkiye will experience a food crisis in the future more severely
than many other countries. For this reason, there is a need for research that will be a roadmap for regulating
agricultural policy. Our study is important in policymaking.

Speaking of agricultural production, cereals and pulses are among the most important products because they
are cheap, have high efficiency in terms of production, and are nutritious since they contain a high level of
carbohydrates, protein, and vitamins. They also constitute most of Tiirkiye’s agricultural production (Balkan et al.,
2011). Therefore, this study mainly focuses on cereals and pulses, which are mentioned when talking about
agricultural production.

This study examines the issue of agricultural production, which can become an important problem in the future.
This study analyzes production connectedness and networks between barley, wheat, rye, paddy, lentils, chickpeas
and oats, which are the seven most important agricultural products of Tirkiye. For this purpose, | use the
connectedness analysis of Diebold and Yilmaz (2012; 2014), which investigates connectedness between variables
in the time domain. Connectedness and network analysis have gained popularity recently in finance and economics
literature. The main purpose of connectedness analysis is to examine how different markets, economies, assets, or
macroeconomic and financial variables are connected. Although the connectedness approach has been tested for
macroeconomic and financial variables, its use in the agriculture area is quite limited. For instance, Diebold and
Yilmaz (2009), Barunik et al., (2016), Zhang (2017), Su (2020) and Polat (2020) have tested equity markets around
the world and concluded that connectedness effects exist and spillover effects of shocks are very high. Similar
results are obtained by Alter and Beyer (2014), Reboredo et al. (2020), Shahzad et al. (2019) on debt markets,
Antonakasis and Kizys (2015), Balli et al. (2019) on commodity markets, and Ferrer et al. (2018), Lovcha and
Perez-Labardo (2020) and Toyoshima and Hamori (2018) on oil and energy markets. All these studies confirmed
that economic and financial variables are highly connected, and spillover effects of volatility shocks spread rapidly
in the system. However, its usage for agricultural economics and agricultural sciences has not yet been popularized.
Thus, in the literature review conducted up to this date, | have not found sufficient studies in the agricultural
economics literature that investigate connectedness and spillover effects. There is a huge gap on the connectedness
and network studies in the literature on agricultural economics. In a way, this study has great value in showing
that connectedness and network analysis can be used in the field of agricultural science to analyze interactions
between variables, commodities, and countries as well as policy-making on economic and agricultural production.

2. Materials and Methods
2.1. Dataset

Since this study investigates agricultural production, | use production amount data for seven agricultural
commodities which are barley, wheat, rye, paddy, lentils, chickpeas, and oats. The dataset was obtained from the
Turkish Grain Board (TGB, 2022) website and is publicly available. For the sake of stationary and robust econometric
modeling, | use logarithmic returns of the raw data in connectedness analysis. The calculation of return series is given
in Equation 1.

re = In (L) (Eq. 1)
’ dit—1
In equation 1, parameters are given as follows: di: production amount of i commodity and ri;: logarithmic returns
of production series of i commodity.
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Figure 1. Cultivated areas in Tiirkiye
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Figure 2. The production number of agricultural commaodities

Figures 1 and 2 exhibit cultivated areas (ha) and production amounts (ton) of agricultural commodities. According
to figure 1, wheat and barley have been dwelling in almost all areas for cultivation. Barley has performed very slow
upward trend from 1943 to 2008. Speaking of wheat, it is one of the most important commodities of Tiirkiye’s
agricultural policies. Most of the cultivated land has been assigned to the wheat production. Besides, Tiirkiye’s policy
on wheat production has been consistent. Tiirkiye’s cultivated land policy has been mostly stable in the sample period
for the rest. | may comment that other commodities have not been getting attention from policymakers as their
cultivated areas are too low compared to others. Figure 2 displays characteristics similar to figure 1, but with some
strict differences. The production amount is more volatile than cultivated areas. Although the behavior of cultivated
areas is smoother, the production amount exhibits an exponential increasing and oscillates around the trend. Production
amounts increased sharply while cultivated areas shrunk. This may be due to the fact that agricultural technologies
have been increasing since the last century, and Tiirkiye has successfully benefited from it. Therefore, Tiirkiye’s
productivity per hectare has been increasing higher than the increase in cultivated areas. Besides, the fact that the
production amount has been increasing exponentially while cultivated areas go up smoother supports this view.
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Table 2. Descriptive statistics and correlation matrix

Panel A. Descriptive Statistics

Barley Wheat Rye Paddy Lentil Chickpea Oat
Mean 0.015 0.019 -0.004 0.037 0.033 0.030 0.002
Median 0.034 0.025 0.000 0.039 0.047 0.009 0.005
Std. Dev. 0.203 0.184 0.212 0.215 0.295 0.153 0.167
Kurtosis 1.082 2.367 1.365 3.305 6.682 1.045 3.905
Skewness -0.177 -0.356 0.141 -0.606 -1.184 0.262 0.820
Range 1.124 1.162 1.299 1.507 2.240 0.837 1.063
Min. -0.553 -0.660 -0.627 -0.764 -1.406 -0.383 -0.424
Max. 0.571 0.502 0.671 0.743 0.834 0.454 0.639
Total 1.246 1.567 -0.320 3.052 2.700 2.441 0.135
# of obs. 82 82 82 82 82 82 82
Panel B. Correlation Matrix

Barley Wheat Rye Paddy Lentil Chickpea Oat
Barley 1
Wheat 0.924 1
Rye 0.842 0.875 1
Paddy 0.006 0.033 0.009 1
Lentil 0.565 0.432 0.365 -0.060 1
Chickpea 0.528 0.480 0.450 -0.021 0.297 1
Oat 0.771 0.778 0.781 0.099 0.337 0.601 1

Table 2 presents descriptive statistics and the Pearson correlation matrix of the log return series to draw a general
picture of the dataset. Panel A in Table 2 reports that most of the variables have positive means and high standard
deviations. For all commaodities, maximum and minimum values are relatively high. Passing through panel B, the
results suggest a high correlation between wheat-barley (92.4%), wheat-rye (87.5%), and barley-rye (84.2%). There
are positive correlations between almost all variables except paddy-lentil and paddy-chickpea. Lastly, correlation
results indicate that paddy moves independently and that there is almost no significant correlation with any other
commodities.

2.2. Econometric Models

Introduced by Diebold and Yilmaz (2014), connectedness analysis is a variance decomposition method based on a
covariance-stationary vector autoregressive model. Using this methodology, | decompose forecast error variance
shares of shocks for all variables in the VAR system. Afterwards, in line with the results of the connectedness
methodology, | perform network analysis, which uses variance decompositions for interactions. This part of the study
first introduces the time domain connectedness methodology of Diebold and Yilmaz (2012) and then discusses the
network topology of the variance decomposition.

2.2.1. DY Method

The DY method is based on a covariance stationary N variable generalized vector autoregressive (VAR) process
with (p) order as in equation 2:

Ye = Zipzl cbth—i + &, £t~(0, Z) (qu)

As the VAR (p) model has constant covariance, it has the following moving average MA (o) representation in
equation 3:

Ve = 2iZo Ai€—i (Eq.3)

In equation 3, A; represents a square coefficient matrix with N dimension and it has a recursive process such that A;
= @1Ai1t DAL +...+ DpAip. Furthermore, Ag matrix is compatible with the identity matrix of N dimension and has a
value of zero where i=0. Following Diebold and Yilmaz (2012) using a generalized impulse response function, it is
possible to assess the shares of each variable j in the H-step ahead forecast error variance decomposition of variable i
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for each H step ahead where H=1,2,3,... can be calculated as follows in equation 4:

—1 wH—
oii ' Zheo(ef An Z €))?

H-1,./ 7 2 (Eq4)
Zh:o (e Ah Z Ay €p)

65 (H) =

where X symbolizes the variance-covariance matrix of the error vector, o stands for the standard deviation of the i
error term, and e; stands for the selection vector that i component takes 1 and others take zero. Since the shocks to
each variable are not orthogonalized, the sum of each row does not equal one. Therefore, each element of the variance
decomposition matrix can be normalized as follows in equation 5:

~ 05 (H)
g — i)
Gij (H) = Z]N:leigj(H) (Eq.5)

By utilizing normalized forecast error variance decompositions (spillovers), various connectedness measures are
possible. For instance, total connectedness in the system (C(H)) can be calculated as shown in equation 6. The total
connectedness index shows the extent to which shocks occur in a variable spillover through the system.

_ Zhmnin O Bl i 5D
CH) == r Tew = n (Eq.6)

ij

Volatility shocks from all other variables j to the variable i due to the shocks arising from all other j are named
contributions from other spillovers. These directional “FROM” spillovers are calculated as follows in equation 7:

N -
Yjz1j=i eigj (H)

2hi—, 65 (1)

TiL 1 i O5 ()
Ciea(H) = %100 =222 0 "4 100 (Eq.7)
Similarly, shocks arising from variable i directed to all other variables j due to shocks to i are called contributions to

others spillovers (directional “TO” spillovers). Directional “TO” spillovers are calculated as in equation §.

N _
Yjz1j=i ejgi(H)

Zh—y 85 (H)

2N i O5(H)
Caci(H) = %100 = 222 75 100 (Eq.8)
Net spillovers can be estimated by equation 9. It estimates net directional spillovers by subtracting total shocks from

all others j to i and shocks from variable i to all others j.
Ci(H) = Caei(H) — Cic u(H) (Eq.9)

Lastly, net pairwise spillovers can be estimated by equation 10. Net pairwise spillovers are important to understand
pairwise dynamics in a system. It measures net directional spillovers between i and j. In other words, it is the difference
between how many shocks are transmitted from variable j to i and from variable i to j.

Cn;;(H) = Cij(H) — G (H) (Eq.10)
2.2.2. Network Topology of Variance Decomposition.

The network topology of this study relies on variance decompositions and directional spillovers in the system. As
Diebold and Yilmaz (2014) proved, variance decompositions can determine weighted and directed networks in a
system of variables. By using the variance decomposition, it is possible to measure connectedness among variables
and describe networks of various economic and financial relationships. In line with the abovementioned methodology
of variance decomposition, | draw networks of Tiirkiye agricultural production. To effectively depict interactions in
the network topology, it is preferable to examine ties bigger than a given threshold value (). The following equation
(11) defines this function.

T, ‘= (max(directional from spillovers)) x @; 0 < @ < 1 (Eq.11)

In network analysis, node sizes and labels are attributed to the average production amount of each agricultural
commodity, while tie thickness is attributed to directional spillovers from commodities i to j. Arrow and arrowhead
sizes are determined by the strength of pairwise directional spillovers. Lastly, for node colors, | use net total directional
spillovers. In this process, | select the color green for positive net total directional spillovers and the color red for
negatives. Color tones approach dark green as net total directional spillovers for positive ones rise. Color tones
approach deep red as they drop for negative ones. To scale color tones, | use the deepest green and red to paint the
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highest and lowest values, respectively.
3. Results and Discussion

This section first introduces connectedness analysis results and presents networks afterward. | use a generalized
VAR (1) model with six years ahead variance decomposition H=6 since after H=6 analyzes results remain unchanged.
For network analysis, | use two different threshold values such that ¢1=0, ¢,=0.20. ¢: displays all ties in the networks
but suffers from noise. By using ¢, | apply a denoising process and eliminated weak ties. Table 3 presents the
connectedness results for production data.

Table 3. Connectedness Matrix of Agricultural Production

Barley =~ Wheat Rye Paddy Lentil Chickpea Oat FROM
Barley 26.92 23.40 18.05 1.91 8.66 6.32 14.74 73.08
Wheat 22.69 28.37 20.25 2.56 4.96 4.86 16.31 7161
Rye 19.86 22.44 290.81 1.46 444 4.60 17.39 70.21
Paddy 341 5.53 2.55 81.70 0.32 0.79 5.69 18.27
Lentil 16.54 8.50 5.62 417 57.16 3.55 4.46 42.84
Chickpea 13.07 9.85 8.62 1.06 4.00 45.96 17.44 54.04
Oat 17.17 17.81 17.42 242 391 9.74 3153 68.46
TO 92.75 87.57 72.52 13.58 26.32 29.89 76.02 TSI: 56.94%
NET 19.67 15.96 231 -4.69 -16.52 -24.15 7.56

Table 3 presents that the total spillover index is %56.94 for agricultural production. These results show that most of
the volatility shocks of production amount arise from system-wide shocks. Directional “FROM” spillovers show that
volatility shocks in the production of barley, wheat, rye, and oat are mostly due to production shocks arising from all
other commodities. Directional “TO” spillovers also display similar results. Production shocks in these four
commaodities are highly transmitted to others. For the directional pairwise connectedness of commodities, my findings
indicate that production shocks between barley, wheat, rye, and oat are transmitted to each other mutually. Therefore,
these findings show that from a production amount perspective, these four commodities are highly connected. Lastly,
on net spillovers, the findings show that barley and wheat have the highest positive net spillovers in the system. These
commodities spread more shocks to others than they receive from others. On the other hand, chickpea and lentil have
the highest negative net spillovers.

Table 4. Net Pairwise Connectedness Matrix

Barley Wheat Rye Paddy Lentil Chickpea Oat
Barley 0.00 0.71 -1.81 -1.50 -7.88 -6.75 -2.43
Wheat -0.71 0.00 -2.19 -2.97 -3.54 -4.99 -1.50
Rye 181 2.19 0.00 -1.09 -1.18 -4.02 -0.03
Paddy 1.50 297 1.09 0.00 -3.85 -0.27 3.27
Lentil 7.88 3.54 1.18 3.85 0.00 -0.45 0.55
Chickpea 6.75 4.99 4.02 0.27 0.45 0.00 7.70
Oat 243 1.50 0.03 -3.27 -0.55 -7.70 0.00

Table 4 exhibits the net pairwise connectedness results for agricultural commodities. Notice that table 4 is a skew-
symmetric matrix where the transpose of the [Cnjj] component equals minus [Cn;] and the summation of all component
in the matrix equals zero. The net pairwise connectedness matrix measures the pairwise direction of net volatility
shocks. Among all commaodities, the direction of production shocks is from wheat to others. Production shocks arising
from wheat that spills over to others are much higher than the shocks transmitted from others to wheat production.
Besides wheat, barley is also an important commodity whose net pairwise volatility shocks are transmitted to others,
but wheat. Lastly, in table 4, the most important net pairwise connectedness of agricultural production in the system
occurs from lentil — barley, chickpea — oat, and chickpea — barley, respectively.
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Wheat

Wheat

Figure 3.B. Networks of Production Amounts (91=0.20, tx=4.68)

From now on, | exhibit network analysis based on variance decompositions. Figure 3 displays networks for
production amounts of seven agricultural commodities. As described in figure 3, the agricultural production of four
commaodities; wheat, barley, rye, and oat, are highly interconnected to each other. Between production amounts of
agricultural commaodities, many strong ties exist such as wheat-oat, wheat-rye, wheat-barley, barley-oat, barley-rye,
and rye-oat. Besides these seven pairwise ties, there are also some one-sided bounds and dependence such as from
paddy to oat, paddy to wheat, lentil to barley, chickpea to rye, and chickpea to wheat. Once again, the findings on
production networks indicate that the most important actors in the system are wheat and barley. The results show that
the most dominant actors in the network, according to the number of ties and strength of links, are barley and wheat.

4. Conclusion

The principal purpose of this article is to analyze the connectedness and networks of agricultural production in
Tiirkiye. According to the worlds acknowledged economic and agricultural institutions, global agricultural production
cannot meet the rapidly growing population of the world. Therefore, the scarcity of food will be a non-negligible issue
in the near future and some actions must be taken proactively. Having the second-highest population growth rate in
Europe and being the world’s immigration center, Tiirkiye has a special role and the effect of this dilemma on Tiirkiye
should be carefully watched.

This paper aims to guide policymakers of agriculture and stakeholders of agricultural production such as producers,
suppliers, traders, etc. about how the production of agricultural commodities is interconnected to each other. The
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findings of this study indicate a convergence situation in producing agricultural commodities. | found that the
production shocks of agricultural commodities have highly spilled over among each other. This convergence situation
demonstrates that agricultural commodity production highly interacts with each other. Therefore, when developing
policies related to a specific product, the impacts on the production of other products should also be considered. This
is because research findings on production networks have shown the existence of highly interconnected networks.

The findings also report that wheat and barley production in Tirkiye has been highly integrated, and these two
commodities are the most important actors in the agricultural production network of Tiirkiye. Production shocks arising
from wheat and barley have been highly transmitted to others. Thus, the production of these two commodities should
be carefully monitored. The policies implemented for these commodities, such as production planning, incentives, and
export/import regulations, will have a significant impact on the production of other products. Policy makers should
consider the potential effects of the policies applied to these two commodities, especially on oat, rye, and chickpea,
and plan accordingly.

The results on pairwise connectedness demonstrate that diversification opportunities and risk management tools
exist. For instance, a producer can cultivate a type of commaodity that has low connectedness (e.g. paddy or lentil) with
others in absolute terms or cultivate two commodities rather than one commaodity that almost has no pairwise shock
transmissions. Thus, with this perspective, diversification and managing operational risks are possible. Besides, if there
is an expectation (market or individual) that the production of a specific commodity will rise in the next period, a risk-
seeking producer may take a counter position by connectedness and network analysis results and maximize his/her
profit. For example, if there were an expectation that barley production would rise in the next period, one could cultivate
lentils and chickpeas to benefit from the decreasing supply of these commodities. Although many other producers
would cultivate barley and the supply of other commaodities in the market will fall, the ones with the highest net negative
pairwise connectedness with barley will be affected more than others. Different scenarios can be constituted for other
commodities as well. The recommendations above are also true for parties other than producers, such as governments
who would like to direct the production of specific commodities and set agricultural policies, profit-seeking suppliers,
traders, business parties both national and cross-border, and so on.

The main limitation of this study is that | only constructed a static analysis that has no time-varying features of
agricultural production. But as the theory of economics tells us, relationships and interactions in economic variables
are time-varying and change over time. Also, some important global events and crises (such as wars, global financial
crises, and global food crises) have important impacts on economic variables. By using a static analysis, | ignore these
effects. For further studies, this issue can be overcome with a model capable of predicting time-varying parameters.
This can be accomplished using higher frequency time series data (such as monthly or quarterly data). As a result, the
evolving structure of network relationships can be examined, enabling a more in-depth analysis.

Another important limitation of this study is that | built an endogenous model and did not consider any exogenous
effects. In further studies, considering the influences of other variables such as production in other countries, the real
side of the economy, socioeconomic indicators, and so forth, on agricultural production will contribute to the literature
on economics. A panel VAR model based on different countries' agricultural productions can be used to examine the
impact of inter-country interactions agricultural production. Alternatively, the effect of various variables that are
assumed to influence the agricultural production, such as industrial output, inflation, and energy prices, can be studied.
Thus, the impact of different economic dimensions on agricultural production in Turkey can be investigated, leading
to a better understanding of the subject.

808



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(4)

References

Alter, A. and Beyer, A. (2014): The dynamics of spillover effects during the European sovereign debt turmoil. Journal of Banking & Finance,
42:134-153.

Antonakakis, N. and Kizys, R. (2015). Dynamic spillovers between commodity and currency markets. International Review of Financial
Analysis, 41: 303-319.

Asim, H. and Akbar, M. (2019): Sectoral growth linkages of agricultural sector: Implications for food security in Pakistan. Agricultural
Economics — Czech, 65: 278-288.

Balkan, A., Ozdiiven, M., Nizam, 1., Teykin, E. and Tuna., M. (2011). The effect of grazing applied in the different phenological stages on
yield and yield components of bread wheat and triticale. Journal of Tekirdag Agricultural Faculty, 8(1): 93-100.

Balli, F., Naeem, M. A., Shahzad, S. J. H. and de Bruin, A. (2019): Spillover network of commodity uncertainties. Energy Economics, 81:
914-927.

Barunik, J., Ko¢enda, E. and Vacha L. (2016): Asymmetric connectedness on the US stock market: Bad and good volatility spillovers. Journal
of Financial Markets, 27: 55-78.

Bozkurt, I. and Kaya, M. V. (2021): Agricultural production index: International comparison. Agricultural Economics — Czech, 67(6): 236-
245.

Bruinsma, J. (2009). The Resource Outlook to 2050: by How Much Do Land, Water, and Crop Yields Need to Increase by 2050?, Rome, Italy:
Food and Agriculture Organization of the United Nations. Available at: https://www.cabdirect.org/cabdirect/abstract/20093293510
(Accessed April 2, 2022).

Cristea, M. and Noja, G. G. (2019): European agriculture under immigration effects: New empirical evidence. Agricultural Economics — Czech,
65: 112-122.

Crost, B., Duguennois, C., Felter, J. H. and Rees, D. I. (2018): Climate change, agricultural production and civil conflict: Evidence from the
Philippines. Journal of Environmental Economics and Management, 88: 379-395.

Dhahri, S. and Omri, A. (2020): Foreign capital towards SDGs 1 & 2 — Ending poverty and hunger: The role of agricultural production.
Structural Change and Economic Dynamics, 53: 208-221.

Diebold, F. X. and Yilmaz, K. (2009): Measuring financial asset return and volatility spillovers, with application to global equity markets. The
Economic Journal, 119(534): 158-171.

Diebold, F. X. and Yilmaz, K. (2012): Better to give than to receive: Predictive directional measurement of volatility spillovers. International
Journal of Forecasting, 28(1): 57-66.

Diebold, F. X. and Yilmaz, K. (2014): On the network topology of variance decompositions: Measuring the connectedness of financial firms.
Journal of Econometrics, 182(1): 119-134.

FAO (2009): Global Agriculture Towards (2050) How to Feed the World 2050, High-level Expert Forum. Available at:
http://www.fao.org/fileadmin/templates/wsfs/docs/Issues_papers/HLEF2050_Global_Agriculture.pdf (Accessed April 2, 2022).

Ferrer, R., Shahzad, S. J. H., Lopez, R. and Jarefio, F. (2018): Time and frequency dynamics of connectedness between renewable energy
stocks and crude oil prices. Energy Economics, 76: 1-20.

Johnston, B. F. (1970): Agriculture and structural transformation in developing countries: A survey of research. Journal of Economic Literature,
8: 369-404.

Lovcha, Y. and Perez-Laborda, A. (2020): Dynamic frequency connectedness between oil and natural gas volatilities. Economic Modelling,
84:181-189.

Machethe, C. L. (2004): Agriculture and poverty in South Africa: Can agriculture reduce poverty? Conference on the Overcoming
Underdevelopment in Pretoria, South Africa, Oct 28-29, 1-14. Pretoria, South Africa.

Mellor, J. W. (1995): Agriculture on the Road to Industrialisation. London, UK, the Johns Hopkins University Press: 1-358.

Mohammed, R. (2020): The causality between agriculture and economic growth in the Arab world. Eurasian Journal of Economics and
Finance, 8: 54-67.

Negis, H. (2017). Effects of four different crops harvest processes on soils compaction. Journal of Tekirdag Agricultural Faculty, The Special
Issue of 2" International Balkan Agriculture Congress: 25-29.

Pingali, P. L. (2012): Green revolution: impacts, limits, and the path ahead. Proceedings of the National Academy of Sciences, 109(31): 12302-
12308.

Polat, O. (2020): Frequency connectedness and network analysis in equity markets: evidence from G-7 countries. Akdeniz Journal of FEAS,
20(2): 221-226.

809


https://www.cabdirect.org/cabdirect/abstract/20093293510
http://www.fao.org/fileadmin/templates/wsfs/docs/Issues_papers/HLEF2050_Global_Agriculture.pdf

Acikgoz

Agricultural Production Connectedness and Networks in Tiirkiye

Reboredo, J. C., Ugolini, A. and Aiube, F. A. L. (2020): Network connectedness of green bonds and asset classes. Energy Economics, 86:
104629.

Rosa, L., Rulli, M. C., Davis, K. F., Chiarelli, D. D., Passera, C. and D’Odorico, P. (2018): Closing the yield gap while ensuring water
sustainability. Environmental Research Letters, 13(10): 104002.

Shahzad, S. J. H., Bouri, E., Arreola-Hernandez, J., Roubaud, D. and Bekiros, S. (2019): Spillover across Eurozone credit market sectors and
determinants. Applied Economics, 51(59): 6333-6349.

Singariya, M. R., Naval, S. C. (2016): An empirical study of intersectoral linkages and economic growth in India. American Journal of Rural
Development, 4: 78-84.

Su, X. (2020): Dynamic behaviors and contributing factors of volatility spillovers across G7 stock markets. The North American Journal of
Economics and Finance, 53: 101218.

TGB (2022): Grain purchases tables. Turkish Grain Board. Available at: https://www.tmo.gov.tr/info-center/38/tables (Accessed April 2, 2022).

Tian, X., Engel, B. A, Qian, H., Hua, E., Sun, S. and Wang Y. (2021): Will reaching the maximum achievable yield potential meet future
global food demand?. Journal of Cleaner Production, 294: 126285.

Toyoshima, Y. and Hamori S. (2018): Measuring the time-frequency dynamics of return and volatility connectedness in global crude oil
markets. Energies, 11(11): 2893.

TURKSTAT (2022): Foreign trade statistics of Turkey. Turkish Statistical Institute. Available at: https://data.tuik.gov.tr/Bulten/Index?p=Dis-
Ticaret-Istatistikleri-Aralik-2021-45535 (Accessed April 2, 2022).

UNCHR (2022): Refugee data finder. The United Nations Refugee Agency. Available at: https://www.unhcr.org/refugee-
statistics/#:~:text=Between%202018%20and%202020%2C%20an,a%20refugee%20life%20per%20year. &text=Some%20126%2C700
%20refugees%20returned%20to,with%200r%20without%20UNHCR's%20assistance (Accessed April 2, 2022).

Van Wart, J., Kersebaum, K. C., Peng, S., Milner, M. and Cassman, K. G. (2013): Estimating crop yield potential at regional to national scales.
Field Crops Research, 143: 34-43.

World Bank (2022): Population growth (annual %) data. The World Bank. Available at: https://data.worldbank.org/indicator/SP.POP.GROW
(ccessed April 2, 2022).

Zhang, D. (2017): Oil shocks and stock markets revisited: Measuring connectedness from a global perspective. Energy Economics, 62: 323-
333.

810


https://www.tmo.gov.tr/info-center/38/tables
https://data.tuik.gov.tr/Bulten/Index?p=Dis-Ticaret-Istatistikleri-Aralik-2021-45535
https://data.tuik.gov.tr/Bulten/Index?p=Dis-Ticaret-Istatistikleri-Aralik-2021-45535
https://www.unhcr.org/refugee-statistics/#:~:text=Between%202018%20and%202020%2C%20an,a%20refugee%20life%20per%20year.&text=Some%20126%2C700%20refugees%20returned%20to,with%20or%20without%20UNHCR's%20assistance
https://www.unhcr.org/refugee-statistics/#:~:text=Between%202018%20and%202020%2C%20an,a%20refugee%20life%20per%20year.&text=Some%20126%2C700%20refugees%20returned%20to,with%20or%20without%20UNHCR's%20assistance
https://www.unhcr.org/refugee-statistics/#:~:text=Between%202018%20and%202020%2C%20an,a%20refugee%20life%20per%20year.&text=Some%20126%2C700%20refugees%20returned%20to,with%20or%20without%20UNHCR's%20assistance
https://data.worldbank.org/indicator/SP.POP.GROW

[ ] . . Aralik/December 2023, 20(4)
o t CI Journal of Tekirdag Agricultural Faculty Bagvuru/Received: 11/10/22
Tekirdag Ziraat Fakiiltesi Dergisi Kabul/Accepted: 19/01/23

DOI: 10.33462/jotaf.1187279

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

ARASTIRMA MAKALESI RESEARCH ARTICLE

Toprakta Farkh Derinliklerde Gomiilii Ipomoea triloba L. ve Convolvulus arvensis L.
Tohumlarimin Cikis Derinligi ve Cimlenme Oranlarinin Belirlenmesi*

Determination of Emergence Depth and Germination Rates of Ipomoea triloba L. and
Convolvulus arvensis L. Seeds Buried at Different Depths in the Soil*

Mine OZKIiL"", ilhan UREMI$?

Oz

Akdeniz Boélgesi tarim alanlarindaki 6nemli yabanci ot tiirlerinden olan Ipomoea triloba L. (IPOTR) ve
Convolvulus arvensis L. (CONAR)'in miicadelesine yonelik olarak tohumlarin canlilik oranlarmin zaman
igerisindeki degisiminin belirlenmesi ve ¢ikig derinliklerinin saptanmasi ¢alismanin amaglarini olusturmaktadir.
Calismada CONAR ve IPOTR tohumlarinin optimum ¢ikis derinliginin belirlenmesi igin, yabanci ot tohumlari
30 °C'ye ayarh iklim odasinda, toprak+ torf+ kum karigimi bulunan saksilar icerisine 2, 5, 10, 15 ve 20 cm
derinliklerine 25 'ser adet konulmustur. Degerlendirme i¢in 7, 14, 21 ve 28. giinlerde toprak yiizeyine ¢ikan bitkiler
sayilmis, ¢ikis yapan tohumlar disar1 alinmig ve ¢ikis yiizdesi hesaplanmistir. CONAR ve IPOTR tiirlerinin
topraktaki yagam siirelerinin belirlenmesi amaciyla yapilan ¢aligmada; her iki yabanci ot tiirii i¢in 10 ve 20 cm
derinlikte ¢ukurlar hazirlanmistir. Topraga gomiilen her torba igerisine 0.25 kg sterilize edilmis topraga 300'er
adet tohum konulmustur. Topragin 10 ve 20 cm derinligine gomiilli tohumlar gdmiilme tarihini takip eden 6, 12,
18, 24, 30. aylarda tohumlarin canliliklarinin belirlenmesine yonelik ¢cimlenme denemeleri yapmak iizere tohumlar
kullanilmistir. Her iki tiirin tohumlarinda en iyi ¢ikisin 2 ¢cm derinlikte gerceklestigi ve ¢ikig oraninin CONAR
i¢in %84.00, IPOTR igin %96.80 oraninda oldugu belirlenmistir. CONAR tohumlarinin topraktaki yasam siireleri,
topragin 10 ve 20 cm derinliklerinde, sirasiyla 6. ayda %90.10 ve %87.50 olarak belirlenirken, 30. ayda %15.40
ve %9.50; IPOTR’de ise 6. ayda %93.90 ve %85.20; 30. ayda %10.10 ve %7.60 olarak tespit edilmistir. Calisma
sonuglarina gore CONAR ve IPOTR ile miicadelede derin toprak islemesi yapilarak tohum
¢imlenmesinin/¢ikiginin  azaltilabilecegi ve bu sayede yogunlugun azaltilip yeni tohum olusumunun
engellenebilecegi degerlendirilmektedir. Ulkemizin pek ¢ok bolgesinde goriilen ve ekonomik zarara sebep olan
CONAR ve IPOTR ile miicadele yontemleri igerisinde, toprak islemenin kullanilabilecegi ve iireticilere fayda
saglayacag diisiiniilmektedir.

Anahtar Kelimeler: Ipomoea triloba L., Convolvulus arvensis L., Cikis derinligi, Cikis orani, Yabanci ot
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Abstract

The aim of the study is to determine the change in the viability rates of seeds by time and to determine the depth
of emergence for the control of Ipomoea triloba (IPOTR) and Convolvulus arvensis (CONAR), which are
important weed species in the agricultural areas of the Mediterranean region. In order to determine the optimum
emergence depth of CONAR and IPOTR seeds in the study, 25 weed seeds were placed at 2, 5, 10, 15 and 20 cm
depths in pots with soil + peat + sand mixture in a climate chamber adjusted at 30 °C. For the evaluation, the
seedlings that emerged to the soil surface on the 71, 141, 215 and 28" days were counted, the emergenced seeds
were taken out and the emergence rate percentage was calculated. In the study carried out to determine the life
span of CONAR and IPOTR species in the soil; 10 and 20 cm deep pits were prepared for both weed species. 0.25
kg of sterilized soil and 300 pieces of seeds were placed in each bag to be buried in the ground. Seeds buried at 10
and 20 cm depths of the soil were used to conduct germination experiments to determine the viability of the seeds
at 6, 12, 18, 24 and 30 months following the burial date. It was determined that the best emergence in the seeds of
both species occurred at a depth of 2 cm and the emergence rate was 84.0% for CONAR and 96.8% for IPOTR.
The longevity of CONAR seeds at 10 and 20 cm depths of the soil were determined as 90.10%and 87.5% at the
6™ month, and 15.40% and 9.50% at the 30" month. The longevity of IPOTR seeds at 10 and 20 cm depths of the
soil were 93.90% and 85.20% at the 6™ month, while it was determined as 10.10% and 7.60% at the 30" month,
respectively. According to our study results, it is thought that seed germination can be reduced by deep tillage to
control CONAR and IPOTR, and thus the density can also be reduced and new seed formation can be prevented.
It is thought that among the methods of control CONAR and IPOTR, which are seen in many regions of our
country and cause economic damage, it will be beneficial for the producers to determine the application method
in this direction, where tillage can be used.

Keywords: Ipomoea triloba, Convolvulus arvensis, Emergence depth, Emergence rate, Weed
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1. Giris

Bitki ¢esitliligi agisindan iilkemizde 12.000’den fazla bitki taksonu bulunmaktadir (Giiner ve ark., 2012),
Magnoliopsida sinifinin Solanales takimi i¢inde yer alan Convolvulaceae familyasi; diinyada 58 cins ve 2000
kadar tiir icermekte olup, tropikal kusaktan iliman kusaga kadar uzanan olduk¢a genis bir alanda yayilis
gostermektedir (Staples ve Yang, 1998). Bu baglamda Ipomoea triloba (Pembe ¢igekli aksamsefasi; IPOTR) ve
Convolvulus arvensis (Tarla sarmagigi; CONAR) Convolvulaceae familyasina ait 6nemli yabanci ot tiirleridir
(Mabberley, 1997; Yadav ve ark., 2018).

Ipomoea triloba tohumla ¢ogalan tek yillik bir bitkidir (Haselwood ve Motter, 1966). Diinya'da ilk kez 1986
yilinda pamuk iiretim alanlarinda tespit edilen I. triloba istilaci bir yabanci ot tiirtidiir (Joel ve Liston, 1986).
Ulkemizde ilk olarak Antalya ilinde pamuk iiretim alanlarinda yaygin olarak bulundugu saptanan . triloba’nin
hizla yayilmaya devam ettigi ve diger yabanci otlar1 baskiladig: tespit edilmistir (Yazlik ve ark., 2014; Yazlik ve
ark., 2018; Ozkil ve Uremis, 2020). Ipomoea tiirleri istilac1 6zelligi sayesinde cok hizl geliserek kiiltiir bitkisinin
biiyiime ve gelismesini engellemektedir. Ulkemizde pamuk, misir, domates, sekerpancari, soya fasulyesi ve
narenciye gibi pek cok iiriinde zararlara sebep olarak verimin azalmasina neden olmaktadir (Ozkil ve Uremis,
2020). Ayrica, pamuk ekim alanlarinda elle veya makine ile yapilan hasadi giiclestirmektedir (Ozkil ve ark., 2019).

Convolvulus cinsine ait tiirler diinyadaki en 6nemli yabanci otlardandir. Bunlardan C. arvensis ¢ok yillik,
stiriniicii veya tirmanici, toprak alt1 gévdeleri dallanan bir tiirdiir (Davis, 1978; Jacobs, 2007). C. arvensis iilkemiz
tarimsal tretiminde 6nemli yeri olan kiiltiir bitkilerinde ekonomik zararlara sebep olmaktadir. Sahip oldugu
biyolojik &zellikleri nedeniyle miicadelesi oldukga giigtiir. Ilkbaharda hava sicakliklarinin artmastyla birlikte
stirgiinler toprak yiizeyinde goriillmekte, Mayis ayindan itibaren c¢igeklenmeler baslamakta ve tohumlar
olusmaktadir. Tohum kabugu sert oldugundan uzun yillar canliligini korumaktadir (Uygur ve ark., 1986;
Americanos, 1994). C. arvensis'in Avrasya nin dogal bir tiirii oldugu (Austin, 2000) ve 44'den fazla iilkede 6nemli
tirtin gruplari i¢in ciddi bir problem teskil ettigi bildirilmistir (Schroeder ve ark., 1993; Americanos, 1994). Tarla
sarmasiginin Sahip oldugu vejetatif ve generatif 6zellikleri, ayrica yiiksek rekabetgiliginden dolayi geleneksel
yabanci ot kontrol yontemleriyle kontrol altina alinmasi oldukca zordur (Vogelgsang, 1998). Bunun yani sira,
Tarla sarmagig1 tarim iriinlerinde %20-80 arasinda {iriin kayiplarina neden oldugu tespit edilmistir (Lanini ve
Miyao, 1987; Black ve ark., 1994).

Diinyada ekonomik 6neme sahip olan pamuk, misir, bugday ve ¢eltik gibi kiiltiir bitkilerinde zarara neden olan
hastalik, zararli ve yabanci otlardan dolay1 olusan {iriin kayb1 yaklasik %67.15 olup, bunun %31.62'si yabanci
otlardan kaynaklanmaktadir (Oerke ve ark., 1994). Ulkemiz Diinya tarimsal iiretiminde sahip oldugu gesit ve
iiretim potansiyeli ile tarimda 6nemli bir paya sahiptir. Tarimsal {iretimde verim ve kalitenin artirilmasi igin bitkisel
iiretimde ¢evre kosullari haricinde {irlin kayiplarinin ana sebeplerinden birisi olan yabanci otlarla etkili bir sekilde
miicadele etmek gerekmektedir (Bayat ve ark., 1996; Tepe, 2014; Giincan, 2016; Yazlik ve ark., 2019; Uremis ve
ark., 2020).

Tarimin siirdiiriilebilirliginin saglanmasi, dogru miicadele yonteminin secilip uygulanabilmesi igin tarim
alanlarindaki yabanci ot tiirlerinin tespiti, yogunluklarinin saptanmasi, generatif ve vejetatif lireme yetenegi,
dormansi, ¢imlenme sicakligi, topraktaki ¢imlenme derinligi ve toprakta canli kalma siiresi gibi biyolojik
karakterlerinin bilinmesi énemli bir yer tutmaktadir (Ustiiner, 2002). Cimlenmenin meydana geldigi dénem
yabanci ot kontrolii ve kiiltiir bitkisi ile rekabeti agisindan 6nemlidir. Uygun ve etkili yabanci ot kontrol
yontemlerinin gelistirilmesi yabanci ot biyolojisinin ve ekolojisinin iyi bilinmesine dayanmaktadir (Mennan ve
ark., 2006; Nakamura ve Hossain, 2009; Talaka ve Rajab, 2013; Tanveer ve ark., 2014). Cevresel faktorlerin
tohumlarin ¢gimlenme ve ortaya ¢ikma davraniglar: iizerindeki etkisine iliskin bilgilerin, yeni alanlara yabanci ot
istilasinin 6nlenmesinde ve ydnetim uygulamalarinin belirlenmesinde ve gelistirilmesinde yardimei olacagi
belirtilmistir (Peters ve ark., 2000). Yabanci ot kontroliiniin gelistirilmesi i¢in, belirli yonetim uygulamalarina
iligkin yabanct ot davraniginin ayrintili bir sekilde anlagilmasinin ¢ok dnemli oldugu, 6zellikle istilact yabanct ot
tiirlerinin tohum yasam siiresi ve dormansi gibi biyolojileri hakkinda daha fazla bilginin, en sorunlu yabanci ot
tiirlerinin etkisini sinirlamak i¢in ¢ok yararli olabilecegi bildirilmistir (VIeeshouwers, 1997; Masin ve ark., 2006).
Boylece, gelecekteki istilalarin daha iyi tahmin edilmesi saglanarak, yabanci ot yonetimine yardimci olacaktir.
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Ulkemizde Akdeniz Bolgesi tarimsal iiretim alanlarinda énemli bir sorun olan 1. triloba ve C. arvensis'in
miicadelesine yonelik olarak tohumlarin canlilik oranlarinin zaman igerisindeki degisiminin ve ¢ikis derinliklerinin
belirlenmesi bu ¢alismanin amaglarinit olusturmaktadir.

2. Materyal ve Metot
2.1. Toprak derinliginin 1. triloba ve C. arvensis tohumlarimin ¢ikiglari iizerine etkilerinin belirlenmesi

IPOTR igin 15 dakika H»SOs4 (%95-98) ve CONAR igin 90 dakika H;SOs uygulamalar1 yapilarak bu
tohumlarin dormansileri kirtlmis (Ustiiner ve Cakir, 2018; Ozkil ve Uremis, 2019), daha sonra bunlarin gikis
derinligini belirlemek i¢in denemeler kurulmustur. Denemeler iklim odasinda saksilarda 07.11.2018 tarihinde
kurulmus, bitkiler tim deneme boyunca esit miktarda sulanmistir. Calismada CONAR ve IPOTR tohumlarinin
optimum ¢ikis derinliginin belirlenmesi i¢in, yabanci ot tohumlar1 30 °C'ye ayarli iklim odasinda, toprak+ torf+
kum (1:1:1) karistmi bulunan saksilar igerisine 2, 5, 10, 15 ve 20 cm derinliklerine 25'ser adet konulmustur.
Denemede kullanilan topragin sterilizasyonuna yonelik olarak 120 ‘C'de 30 dakika otoklav edilmistir (Shuab ve
ark., 2014). Degerlendirme igin 7, 14, 21 ve 28. giinlerde toprak yiizeyine ¢ikan bitkiler sayilmis, ¢ikis yapan
tohumlar disar1 alinmis ve ¢ikis yiizdesi hesaplanmigtir (Giincan, 1979).

2.2. l.triloba ve C. arvensis tohumlarinin canlilik oranlarinin zaman icerisindeki degisiminin belirlenmesi

CONAR ve IPOTR tiirlerinin topraktaki yasam siirelerinin belirlenmesi amaciyla yapilan ¢alismada; CONAR
tohumlar1 Adana’nin Cukurova ilgesindeki ayc¢icegi tarlasindan Agustos 2017 de, IPOTR tohumlari ise Adana’nin
Ceyhan ilgesi pamuk tarlalarmmdan 2017 yilimin Eyliil ayinda toplanmistir. Denemeler Adana Biyolojik Miicadele
Aragtirma Enstitiisii niin deneme bahgesinde tohumlarin gémiilecegi alan temizlenerek parseller olusturulmus ve
deneme i¢in hazirlanmistir. Bu parsellerden alinan topraklar 120 °C'de 30 dakika otoklav edilerek sterilizasyon
islemi uygulanmistir (Shuab ve ark., 2014). Tohumlarin gémiilecegi parselde her iki yabanci ot tiirii i¢in 10 ve 20
cm derinlikte g¢ukurlar hazirlanmis, ¢ikan toprak ¢ukurun yanina birakilmistir. Topraga gomiilecek her torba
igerisine 0.25 kg sterilize edilmis toprak ve saglam gériiniimlii 300 er adet tohum konulmus ve torbalarin agizlari
baglanarak tel siizgeg igerisine konulmustur. Tohumlar 07.11.2017 tarihinde 10 ve 20 ¢cm derinliginde hazirlanan
cukurlara yerlestirilmistir.

Topragmn 10 ve 20 cm derinligine gomiilii tohumlar gomiilme tarihini takip eden 6, 12, 18, 24, 30. aylarda
tohumlarin canliliklarinin belirlenmesine yonelik ¢imlenme denemeleri yapmak {izere her derinlikten ve her tiirden
bir torba olmak {izere bulunduklar1 yerden ¢ikarilmis ve icerisinde toprak + tohum karigimi bulunan torbalar
laboratuvara getirilmistir. Torbalar agildiktan sonra elde edilen toprak + tohum karigimi 0.18 mm'lik nematod
elegine bosaltilmis, yikandiktan sonra kalan tohumlar ¢aligmada kullanilmigtir. Cimlenme ve canlilik oranlarini
saptamak amaciyla yapilan denemelerde tabanina iki kat Whatman No 1 filtre kagitlar1 yerlestirilmis 9 cm
capindaki Petri kaplar1 kullanilmistir. Her petriye tohumlar yerlestirildikten sonra 6 ml saf su eklenmistir.
Hazirlanan Petriler 30 °C'ye ayarli ¢imlendirme dolaplarina 5 tekerriirlii olarak yerlestirilmistir. Deneme siiresince
ihtiyag oldukga petrilere saf su ilavesi yapilmistir. Cimlenme oranlarini saptamak amaciyla yapilan bu ¢aligma iki
asamali olarak yapilmistir. Birinci asamada denemenin kuruldugu giinden itibaren 3, 5, 7 ve 14. giinlerde sayimlar
yapilmis ve ¢im bitkisi boyu 0.5 cm uzunluga ulasanlar ¢imlenmis olarak kabul edilerek petri digina aktarilmistir.
Ikinci asamada tohum kabugu sert olanlar endosperm (besin dokusu) tabakasina zarar vermeden zimparalanmustir.
Bu asamada daha Onceki 14 giine ilaveten 7 giin daha deneme devam etmis ve ¢imlenen tohum sayilar
kaydedilmistir (Uremis ve Uygur, 2002; Uremis ve Uygur, 2004).

2.3. Verilerin Degerlendirilmesi

Denemeler tesadiif parselleri deneme desenine gore bes tekerriirlii, iki tekrarli kurulmus olup sonuglara varyans
analizi uygulanmistir. Uygulamalar arasindaki farklar ise Duncan Coklu Karsilagtirma testi ile belirlenmistir
(P<0,05). Yapilan istatistik analizine gore iki tekrarlama arasinda istatistiki fark goriilmediginden veriler
birlestirilerek kullanilmistir. Degerlendirmede ¢cimlenme yiizdesi hesaplanmaistir.

3. Arastirma Sonuclar ve Tartisma
3.1. Toprak derinliginin |. triloba ve C. arvensis tohumlarmin ¢ikaglart iizerine etkilerinin belirlenmesi

Cikis oranlari incelendiginde en iyi ¢ikis derinliginin her iki tiir i¢in de 2, 5 ve 10 cm derinliklerde oldugu
tespit edilmistir (Tablo 1). CONAR i¢in tohum ¢ikis1 2 cm derinlikte %84.00, 5 cm derinlikte %78.40 ve 10 cm
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derinlikte ise %78.00 olarak belirlenmistir. CONAR tohumlarinin ¢ikis orani derinlik miktar1 arttik¢a hizli bir
sekilde diistiigii, 15 ve 20 cm derinlikte ¢ikis oranlarinin sirastyla %24.80, %3.60 oldugu saptanmistir. IPOTR i¢in
ise 2 cm derinlikte %96.80, 5 ve 10 cm derinlikte ise %93.60 oldugu tespit edilmistir. [IPOTR tohumlarinin ¢ikis
oranlar1 derinlik arttikga azaldigi ancak, CONAR tohumlarina gore ¢ikis oranmnin daha yiiksek oldugu
belirlenmistir. IPOTR tohumlar1 15 cm'de %81.60 oraninda ¢ikis yaparken, 20 cm derinlikte bu oran %45.20
olmugtur (Tablo 1).

Tablo 1. CONAR ve IPOTR tohumlarimin gémiilme derinliklerine gore ¢ikis oranlart (%)
Tablel. Emergence rates of CONAR and IPOTR seeds by burial depth (%)

Derinlikler (cm) CONAR* IPOTR
Cikis Oranlari (%) Cikis Oranlari (%)
2 84.00+ 1.98%8™ 96.80+ 1.55%A™
5 78.40+ 2,254 93.60+ 1.48%A
10 78.00+ 2,947 93.60+ 2.25%A
15 24.80+ 3.317"B" 81.60+ 3.22A
20 3.60+ 4.84°8™ 45,20+ 5.63

*Her siitun kendi igerisinde degerlendirilmis olup, ayni harfi tagiyan uygulamalar arasindaki fark 6nemsizdir (P< 0.05).
** Her satir kendi igerisinde degerlendirilmis olup ayni harfi tasiyan uygulamalar arasindaki fark 6nemsizdir (P< 0.05).

CONAR'1n ¢ikis derinligi ile ilgili Asgharipour (2011) un sera kosullarinda yaptig1 bir ¢alismada 0.5 ile 6.5
cm arasinda 13 farkli derinlik ¢alismasinda tarla sarmasiginin 6 cm'ye kadar ¢ikis gosterdigi, en iyi ¢ikigin 0.5-
1.5 cm arasinda oldugunu ve derinlik arttik¢a tohumlarin ¢imlenme yiizdelerinin azaldig1 ve 6 cm’den daha derinde
cimlenmedigini bildirmistir. Bu sonuclardan farkli olarak g¢alismamizda 20 cm derinlikte %3.60 oraninda
¢imlenmenin oldugu tespit edilmistir. Cimlenme oranindaki bu farkliligin sebebinin tohumun fizyolojik 6zellikleri,
kullanilan tohum yasi, toprak tipi ve sicaklik vb. nedenlerle olabilecegi diistiniilmektedir.

Bu ¢alismada benzer sekilde IPOTR 'nin farkli derinliklerden g¢ikisiyla ilgili bir ¢aligmada 10 cm'den fazla olan
derinliklerden ¢imlenme oranimnin azaldig1 tespit edilmistir (Gaungoo ve ark., 2010). Aymn cinse ait |. hederacea
tiiriiniin farkli derinliklerde ¢imlenme oranlarinin incelendigi ¢aligmada 1 ile 10 cm derinlikte ¢imlenme yiizdeleri
arasinda istatistiksel olarak fark olmadig bildirilmistir (Siahmarguee ve ark., 2020). Chauhan ve Abugho (2012)
IPOTR 'nin farkli derinlikte gomiilii tohumlarla yaptig1 bir ¢alismada toprak derinligi arttikga ¢imlenme oraninin
azaldigi, maksimum ¢imlenmenin toprak yiizeyinde oldugu bildirilmistir. Calismamizda da toprak derinligi
arttik¢a ¢ikis oraninin azaldigi belirlenmistir. Tohumun fizyolojik 6zellikleri, kullanilan tohum yast, toprak tipi ve
sicaklik gibi bir¢ok biyotik ve abiyotik faktorler nedeniyle bu farkliliklarin olabilecegi diistiniilmektedir.

3.2. l.triloba ve C. arvensis tohumlarinin canlilik oranlarinin zaman icerisindeki degisiminin belirlenmesi

CONAR ve IPOTR tiirlerinin topraktaki yasam siirelerinin belirlenmesi amaciyla yapilan bu c¢aligmada
topragin 10 ve 20 cm derinligine gomiilii tohumlar 6, 12, 18, 24, 30. aylarda ¢imlenme denemelerinde kullanilmak
iizere bulunduklar1 yerden ¢ikarilarak ¢imlenme oranlari (%) belirlenmistir.

Sekil 1'de CONAR yabanci ot tiiriiniin tohumlarinin 6, 12, 18, 24 ve 30. aylardaki ¢gimlenme orani verilmistir.
CONAR tohumlarinin ¢imlenme oran1 10 cm derinlikte 6. ayda %90.10 olarak belirlenirken, 12. ayda %76.90, 18.
ayda %54.60, 24. ayda %30.80 ve 30. ayda %15.40 olarak belirlenmistir. Cimlenme orani 20 c¢cm derinlikte 6.
ayda %87.50 iken 12. ayda %72.70, 18. ayda %46.00, 24. ayda %20.20 ve 30. ayda %9.50 olarak tespit edilmistir.
Sonuglara gore iilkemizin pek ¢ok bolgesinde goriilen ve ekonomik zarara sebep olan CONAR ile miicadele
yontemleri igerisinde derin toprak islemenin kullanilabilecegi iireticilerin bu dogrultuda uygulama sekli
belirlemesine fayda saglayacagi diistiniilmektedir.

IPOTR igin, elde edilen sonuglara gore ¢imlenme yiizdeleri hesaplanmustir (Sekil 2). Degerlendirme sonucunda
10 cm derinlikte ¢imlenme orani 6. ayda %93.90 olarak belirlenirken 12. ayda %74.90, 18. ayda %42.90, 24.
ayda %23.30 ve 30. ayda %10.10 olarak saptanmistir. Cimlenme orani1 20 cm derinlikte 6. ayda %85.20 iken 12.
ayda %60.60, 18. ayda %41.80, 24. ayda %16.50 ve 30. ayda %7.60 olarak belirlenmistir. Her iki derinlikte
bulunan tohumlarin canlilik oranlar1 zamana bagli olarak azaldigi, 6zellikle 20 cm derinlikte bulunan tohumlarin
cimlenme oranlarinda 10 cm’ ye gomiilen tohumlara goére daha hizli canliligini kaybettigi tespit edilmistir. Bu
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bilgilere gore tek yillik bir yabanci ot tiirii olan IPOTR ile miicadelede toprak islemenin yeni bulagsmalarin
engellenmesi sartiyla yabanci ot yogunlugunda azalmaya neden olabilecegi diistiniilmektedir.

Convolvulus arvensis
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Figure 1. Germination rates of CONAR seeds at 6, 12, 18, 24 and 30 months (%)
Sekil 1. CONAR tohumlarinin 6, 12, 18, 24 ve 30. aylardaki cimlenme oranlart (%)
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Figure 2. Germination rates of IPOTR seeds at 6, 12, 18, 24 and 30 months (%)

Sekil 2. IPOTR tohumlarinin 6, 12, 18, 24 ve 30. aylardaki ¢cimlenme oranlart (%)

Toprakta tohum ¢imlenme sayisindaki diisiis; toprak derinligi, ¢cimlenme, yaslanma, bocek veya patojenlerin
saldiris1 gibi ¢esitli nedenlerden kaynaklanan dliimlere bagli olabilecegi, tohumlarin biiyiik ¢ogunlugunun (%90'a
kadar) bu nedenlerden biri nedeniyle canliligini kaybettigi bildirilmistir (Harper, 1977; Cavers, 1983; Cook, 1980).
Calismamizda da tohumlarin zamanla canliliklarini kaybettikleri belirlenmistir. Toprakta tohum yasam siireleri ve
tohum bankast ile ilgili bilgiler yabanci ot yonetim programlarmin olugturulmasinda 6nemli bir yer almaktadir
(Martins ve Silva, 1994; Voll ve ark., 1996). Yapilan bir calismada topraga gomiilen tohumlara 24 ay sonra
uygulanan ¢imlendirme denemelerinde genis yaprakli yabanci otlardan 10 cm derinlige gémiilen Cirsium arvense
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(L), Scop. Rumex crispus L. ve Cardaria draba (L) Desv. Ipomoea hederacea (L.) Jacq. tohumlarinin ¢imlenme
oranlar1 sirastyla %39.00, %73.00, %21.00, %3.00 oldugu, 20 cm derinlige gomiilen tohumlarin
ise %29.00, %93.00, %28.00, %10.00 oldugu bildirilmistir. Ayrica, topraktaki tohum 6mrii, uzun 6miirlii tiirlerin
hayatta kalmasi i¢in yillik veya iki yillik tiirlerde oldugu kadar 6nemli olmadigi, ¢iinkii ¢ok yillik yabanci otlarin
cogunda vejetatif yayilma ve tabii ki ilave hayatta kalma mekanizmalar1 sayesinde yillar boyunca kalicilik
sagladiklari ifade edilmistir (Burnside ve ark, 1996). Birgok arastirma gostermistir ki bazi yabanci ot tohumlari
toprakta uzun yillar canliliklarim koruyabilmektedirler (Uygur ve ark., 1984; Ozer ve ark. 1998, Uremis ve Uygur,
1999; Kaya ve ark., 2010).

4. Sonug¢

CONAR ve IPOTR tohumlarinin 2, 5, 10, 15 ve 20 cm derinliklerde gomiilii tohumlar ile optimum ¢ikisg
derinligi belirleme c¢aligmasi yapilmistir. Caligmamizda c¢imlenme oranlari incelendiginde en iyi ¢imlenme
derinliginin her iki tiir icin de 2, 5 ve 10 cm derinliklerde oldugu tespit edilmistir. CONAR i¢in tohum ¢imlenmesi
2 cm derinlikte %84.00, 5 cm derinlikte %78.40 ve 10 cm derinlikte ise %78.00 olarak belirlenmistir. IPOTR igin
ise 2 cm derinlikte %96.80, 5 ve 10 cm derinlikte ise %93.60 oldugu tespit edilmistir. IPOTR tohumlarinin
cimlenme oranlar1 derinlik arttik¢ca azaldigr ancak, CONAR tohumlarina gore ¢imlenme oraninin daha yiiksek
oldugu belirlenmistir.

CONAR ve IPOTR tiirlerinin topraktaki yasam siirelerinin belirlenmesi amaciyla yapilan ¢alismada; CONAR
tohumlarinin ¢imlenme orami 10 cm derinlikte 6. ayda %90.10 olarak belirlenirken, 12. ayda %76.90, 18.
ayda %54.60, 24. ayda %30.80 ve 30. ayda %15.40 olarak belirlenmistir. Cimlenme oran1 20 ¢cm derinlikte 6.
ayda %87.50 iken 12. ayda %72.70, 18. ayda %46.00, 24. ayda %20.20 ve 30. ayda %9.50 olarak tespit edilmistir.
IPOTR i¢in, elde edilen sonuglara gore ¢imlenme yiizdeleri hesaplanmigtir. Degerlendirme sonucunda 10 cm
derinlikte cimlenme orani 6. ayda %93.90 olarak belirlenirken 12. ayda %74.90, 18. ayda %42.90, 24. ayda %23.30
ve 30. ayda %10.10 olarak saptanmustir. Cimlenme oran1 20 cm derinlikte 6. ayda %385.20 iken 12. ayda %60.60,
18. ayda %41.80, 24. ayda %16.50 ve 30. ayda %7.60 olarak belirlenmistir.

Yabanci ot zararinin azaltilmasinda kullanilan en etkili yontemin bulagmay1 engelleyici tedbirlerin alinmasi ve
yeni tohum olusumunun engellenmesi oldugu yabanci otlarla miicadelede 6nemli unsurlardan oldugu
bilinmektedir. Calisma sonuglarina gére CONAR ve IPOTR ile miicadelede derin toprak islemesi yapilarak tohum
¢imlenmesinin azaltilabilecegi ve bu sayede yogunlugun azaltilip yeni tohum olusumunun engellenebilecegi
diisiiniilmektedir. Ulkemiz i¢in énemli yabanci ot tiirleri arasinda bulunan ve bu calismada ele alinan CONAR ve
IPOTR 'nin toprakta yagam siirelerini bilmek bunlarin gelecekte olusturacagi ekonomik kayiplar hakkinda bilgi
vermesi yoniinden ¢ok énemlidir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Hububat Ureticilerinin Lisansh Depoculuga Bakis Acisi: Yozgat ili Yerkoy Ilcesi Ornegi

The Perspective of Grain Producers on Licensed Warehousing: The Example of Yerkoy
District of Yozgat Province

Zehra Meliha TENGIZY", Merve AYYILDIZ?2
Ozet

Lisansli depoculuk sistemi, tarimsal iiriinlerin saglikli kosullarda depolanmasini ve ticaretinin kolaylastirilmasin
amaglayan bir sistemdir. Ureticiler agisindan Kaliteli iiriinleri daha iyi fiyatlara satis imkani saglamasinin yaninda
sanayiler igin istedikleri zaman istenilen kalitede tiriinii tedarik edebilme imkan1 sunan ¢ok yonlii yapiya sahiptir.
Tiirkiye’de giderek yayginlasan lisansli depoculuk sistemi tarim piyasalari i¢in biiyiik 6nem arz etmektedir. Bu
calismanin amaci lisansli depoculuk sisteminin temelinde bulunan iireticilerin sistem hakkindaki tutum ve
davraniglarinin belirlenmesidir. Bu amag dogrultusunda ¢aligmanin ana materyalini 2021-2022 iiretim déneminde,
Yozgat ili Yerkdy il¢esinde oransal dagilim yontemiyle belirlenen 76 hububat iireticisinden saglanan birincil
veriler olusturmaktadir. Elde edilen bulgulara gére hububat {ireticilerinin %55.3 {iniin lisansli depolar1 tercih ettigi,
tiretilen hububatin %51.4{iniin, ortalama 18.13 ton bugdayin ve 3.15 ton arpanin lisansli depolarda depolandigi
tespit edilmistir. Ureticilerin lisansli depolari tercih etmesinde, pesin édeme alma imkani, depolarin yakiligi ve
yiiksek fiyat ile satis olanagi gibi faktorlerin etkili oldugu belirlenmistir. Diger yandan bolgede, kendi deposunu
(9%219.4) kullanan ireticilerde bulunmakta ve bu treticilerin ticaret amagli depolama yapmadigi, yemlik kullanimi
i¢in degerlendirdigi belirlenmistir. Depolama yapilmayan hububat miktarinin da yiiksek oldugu (%29.2) dikkat
¢ekmektedir. Bu durum son yillarda yasanan rekolte kayb, iiriin fiyatlarindaki asir1 yiikselme ve artan maliyetlere
bagli nakit ihtiyacini kargilamak amaciyla iireticilerin dogrudan satisa yonelmesi ile ilgilidir. Arastirma sonucunda,
reticilerin lisansli depolar hakkinda yeterli bilgiye sahip olduklari ve lisansh depolamayi faydali bulduklari
gozlenmistir. Buna karsgin treticilerin lisansli depolama yapma orani diisiik seviyededir ve lisanshi depolari
kullanan {ireticilerin %40.5’inin devlet tegviklerinin kaldirilmasi durumunda depolara iiriin birakmayacagi
sonucuna varilmistir. Buna gore iireticilerin sisteme dahil olmasi ve lisansh depoculuk sisteminin iglevsel bir yap1
kazanmasinda kisa ve orta vadede gelistirilecek ve iyilestirilecek tesvik ve destek politikalarina ihtiyag duydugu
sOylenebilir.
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Tengiz & Ayyildiz
Hububat Ureticilerinin Lisansli Depoculuga Bakis Agisi: Yozgat ili Yerkoy ilgesi Ornegi

Abstract

Licensed warehouse system is a system that aims to store agricultural products in healthy conditions and facilitate
trade. It offers producers the opportunity to sell their quality products at better prices. It has a versatile construction
that allows to supply with the desired quality product at any time for industrial. The licensed storage system, which
is becoming increasingly widespread in Turkey, is very important for agricultural markets. The purpose of this
study is to determine attitudes and behavior of producers on the licensed storage system. This study of cover the
cereals producers in Yerkdy district of Yozgat province by means of 2021-2022 production periods. For this
purpose, a survey of 76 sample the producers were conducted using the Proportional Distribution Method.
According to the findings, 55.3% of cereals producers prefer licensed warehouses. 51.4% of the cereals produced,
18.13 tons of average wheat and 3.15 tons of average barley were found to be stored in licensed warehouses. It has
been determined that factors such as the possibility of paying in advance, the proximity of warehouses, and the
possibility of high prices sales are effective in producers’ preference for licensed warehouses. In addition, there are
producers who use their own warehouse (19.4%) in the production of cereals. It has been determined that these
producers do not store for commercial purposes, but evaluate their products for animal feed use. The study also
found that the amount of cereals not stored is high (29.2%). This situation is related to the direct sales of the
producers in order to meet the need for cash due to the loss of yield, excessive increase in product prices and
increasing costs in recent years. As a result of the research, it was observed that producers have sufficient
information about licensed warehouses and find licensed storage useful. In a addition, It has been determined that
40.5% of producers using licensed warehouses will not leave products in warehouses if government grants are
removed. In this respect, the licensed warehouse system may be said to require incentive and support policies to
be developed in the short and medium for include producers in the system and to gain a functional structure of the
system.

Keywords: Licensed warehousing system, Cereals production, Producers’s behavior, Food security, Yozgat province
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1. Giris

Gida giivencesi, gida giivenligini de igine alan, yeterli miktarda gidanin varligi, gidaya fiziksel ve ekonomik
ulagim ve tiim bunlarda istikrarin saglanmasini kapsayan bir déngiidiir (Niyaz ve Inan, 2016). Gida giivencesinin
saglanabilmesinde gidanin bulunabilirliginin, erisilebilirliginin ve siirdiiriilebilir gida ydnetiminin bir arada
bulunmasi gerekmektedir (Koca ve Somuncu, 2021). Kuskusuz gida giivencesi igerisinde en dnemli unsurlardan
biri gidanin bulunabilirligi bagka bir ifade ile yeterli miktarda gidanin mevcut olmasidir (Eksi, 2020). Aksi takdirde
gida giivencesinin diger unsurlar1 saglanabilse dahi gida giivencesinden s6z edebilmek miimkiin olmamaktadir.

Gida giivencesinin olusturulmasinda gida arz ve talep dengesinin saglanmasi gerekmektedir. Gilinlimiizde
degisen ve gelisen diinya konjonktiiriinde {iilkelerin kendi ihtiyaglar1 olan gida arzini gilivence altina alma
gerekliligi 6nem kazanmaktadir (Koca ve Somuncu, 2021). Bu nedenle ¢ogu diinya iilkesi arz ve talep
dengesizliginin 6nlenmesi ve fiyat istikrarini saglanmasi igin ¢esitli ¢éziimler arayigindadir (Ergun ve ark., 2022).
Cok sayida gelismis ve gelismekte olan iilkeler liretimlerinin yani sira gida giivencesini gerekge gostererek farkli
tilkelerden arazi satin alma ve kiralama yoluna gitmekte veya rekolte kayiplarinin oldugu dénemlerde ithalat
yoluna bagvurmakta ve bu yollarla arz edilen iiriinlerin saglikli kosullarda stoklamasini yapmaktadir (Ceyhan ve
ark., 2018; Ataseven ve ark., 2020). Tiirkiye’de ise 6zellikle son yillarda iiretim politikalari incelendiginde ithalat
yonlii bir egilim goriilmektedir. Bu siirecin devam etmesi durumunda, {ireticilerin tarimdan vazgegme egiliminin
artacagl ve gida arz gilivencesinde dar bogazlar yasanacagi ongoriilmektedir. Bu baglamda gida arzimi giivence
altina almaya yonelik gelistirilebilecek politikalara ve yasal diizenlemelere ihtiya¢ duyulmaktadir (Estiirk ve Oren,
2014).

Pek ¢ok tilkede tarim iiriinlerinde arz ve talep dengesizligini 6nlenmek ve tarim piyasalarinda istikrar1 saglamak
amaciyla lisansh depoculuk sistemi yaygin olarak kullanilmaktadir (Ceyhan ve ark., 2018; Yavuz, 2021; Ergun ve
ark., 2022). Lisansh depoculuk sistemi {iretici, sanayici, tiiccar ve kamu yararina sagladigi faydalarla ¢ok yonli
bir yapiya sahiptir. Ozellikle olusabilecek fiyat istikrarsizliginin dniine gegen bir sistem olarak kullanimi depolama
ile arz esnekligini arttirmaktadir. Zira tarim iiriinlerinin kisa dénemde arz esnekligi sifira yakin oldugundan
depolama imkaninin bulunmadigi durumlarda diisiik fiyatlardan iriinlerini satmak zorunda kalmalarina ve gelir
disiikliigiine neden olmaktadir. Depolanan firiinlerin  dogrudan lisansli depolara, tiiccarlara, ofise satist
yapilabildigi gibi borsa lizerinden islem gormesi, iireticiyi satigini istedigi zaman o giiniin fiyatindan satma imkant
tanimaktadir. Sanayicilere ve tiiccarlar ise stok maliyetine katlanmadan kaliteli iiriin ve hammaddeyi zamaninda
tedarik etme imkan1 saglamaktadir (Tektas, 2008; Karabag ve Giirler, 2010; Tosun ve ark., 2014; Kaya, 2018).

Tiirkiye’de ise lisansli depoculuk sistemiyle tarim {iriinlerinde standardizasyonun gelistirilmesi, depolamada
modernizasyona gecilmesi, fiyat istikrarliliginin saglanmasi ve pazarlama olanaklarinin iyilestirilmesi
amaglanmaktadir. Bu amag¢ dogrultusunda ilk olarak 2005 yilinda 5300 sayili kanununun kabuliiyle lisansh
depoculuk sisteminin ilk adimlari atilmigtir. (Kanun, 2005). Ancak yatirim maliyetlerinin yiiksek olmasi, 6zel
sektoriin sisteme ¢ekinceli yaklasmasi gibi nedenlerden dolay1 lisansli depoculuk sistemi uygulamada uzun bir
stire yer bulamamis, 2011 y1li itibariyle lisansl depolar aktif hale gelmeye baglamistir (Firat Kalkinma Ajansi,
2011; Memis ve Keskin, 2015). Ozellikle son bes yillik siiregte lisansli depo sayilarinda énemli bir artis s6z
konusudur. Siireg bir biitiin olarak degerlendirildiginde lisanshi depo isletme sayis1 164’°e ulagirken toplam 283
lisanslt depoya kurulus izni verilmistir. 2022 yilinda bir dnceki yila gore lisans alan lisanshi depo kapasitesi %26
artig gostererek 8.6 milyon tona ulagsmustir. Gelecek yillarda mevcut kurulus izni verilen depolar ile bu rakamin
16.3 milyon tona ulagmasi1 beklenmektedir (Ticaret Bakanligi, 2022).

Lisansli depolarin kullaniminda ve sayisindaki artista uygulanan tesvik ve yardimlarinda rolii biiyiiktiir (Sezal,
2017; Celik, 2019; Dogan ve Bulut, 2021). Tiirkiye’de iireticilere nakliye, analiz ve depo kira destegi, Elektronik
Uriin Senedi (ELUS) karsihiginda sifir faizli kredi destegi ve vergi muafiyetleri saglanmaktadir (Tiirkiye Uriin
Ihtisas Borsast [TURIB], 2022). Saglanan destekler 2016 yilindan 2020 yilma kadar ELUS iizerinden
gerceklestirilen iglem hacminde 10.8 kat biiyiimeyi saglamistir (Yigit, 2021).

Temel beslenmedeki yeri ile gida giivencesi ve gida arzinda ayr1 bir 6neme sahip olan hububat (Tas¢1 ve ark.,
2018), iiretilmesi ve stratejik bir iiriin olmasi nedeniyle lisansli depolarda en ¢ok depolanan iiriindiir. Toplam
lisanslt depo kapasitesinin %99’unu hububat alani olusturmaktadir. Yozgat ili sadece hububatta lisansli 13 adet
depo ile Tiirkiye’de en fazla lisansli depoya sahip tigiinci ildir. Caligmanin yapildig1 ve hububat iiretiminin yogun
olarak gergeklestirildigi YerkOy ilgesinde toplam 92130 ton lisans kapasitesine sahip iki lisansli depo
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bulunmaktadir (Ticaret Bakanligi, 2022). Lisansh depolar 2021-2022 sezonunda tam kapasite doluluga ulasmistir
(Anonim, 2022).

Hububatin lisansli depolarda 6nemli bir orana sahip olmasi nedeni ile bu ¢alismada hububat iiretiminin yogun
olarak yapildig1 Yozgat ili Yerkdy ilgesindeki iireticilerin lisansli depolara egilimi ve sisteme bakis agilar
degerlendirilmistir.

2. Materyal ve Metot

Calismanin ana materyalini 2021-2022 iiretim doneminde Yozgat ili Yerkdy il¢esinde bulunan hububat
iireticilerinden anket yoluyla elde edilen veriler olusturmaktadir. Yerkoy ilgesinde 20 dekar {izeri ekilen araziye
sahip iireticiler, calismanin ana popiilasyonunu olusturmaktadir. Ornekleme amaciyla ¢alisma alaninda bitkisel
iiretim yapan isletme sayist Ciftci Kayit Sistemi’nden elde edilmistir. Yerkoy ilgcesinde toplam 3747 tarim isletmesi
bulunmaktadir (Anonim, 2021). Calisma kapsaminda 20 dekar {izerinde 3509 tarim isletmesi, 6rneklemeye dahil
edilmistir. S6z konusu isletmelerin ortalama arazi varh@ 137.99 da ve standart sapmasi 258.33 olarak
belirlenmistir. Anket sayis1 oransal dagilim yontemine gore Esitlik (1) kullanilarak 76 olarak belirlenmistir (Cigek
ve Erkan, 1996).

_ N[EWh(SR)?)]
"= N2DZ + S [NR(Sh)?]

(Es.1)

Formiilde; n: Ornek hacmi, Nh: h. tabakadaki birim sayisi, Sh: h. tabakanin standart sapmasi, N: Toplam birim
sayst, D: d/t, d: Ortalamadan belirli bir oran sapma (%5 sapma), t: %99 giiven sinirndaki t degerini temsil
etmektedir.

Calismada isletme sayilar1 20-100 da (kiigtik isletme grubu, 37), 100.01- 250 (orta isletme grubu, 25) ve 250.01
ve iizeri (bilyiik isletme grubu, 14) olmak iizere ii¢ tabakaya ayrilmgtir. Ureticilerden anket yoluyla elde edilen
veriler isletme biiyiikliiklerine gore ¢apraz tablolar halinde verilmistir.

3. Arastirma Sonuglar: ve Tartisma

Hububat iireticilerine ait genel bilgiler Tablo 1’de verilmistir. Caligmada hububat {ireticilerinin yas ortalamasi
49.05 olarak belirlenmistir. Egitim durumlar1 dikkate alindiginda iireticilerin %31.58’i lise mezunu, %28.4’i
iiniversite mezunu ve igletmeler ortalamasinda 10.50 egitim yili bulunmustur. Ailedeki birey sayisi 4.24, tarimla
ugrasan aile bireyi ortalamasi 1.79 kisi olarak belirlenmistir. Ureticilerin yilik tarimsal gelirleri isletme
ortalamasinda 129.490,13 TL’dir. Tarimsal gelir yaninda iireticilerin %84’ii tarim dis1 gelire de sahiptir. Isletmeler
ortalamasinda tarim dis1 gelir ise 59.062,50 TL olarak tespit edilmistir. Ureticilerin ortalama 18.12 yillik hububat
iretim deneyimine sahip olup, isletme biiytikligii arttik¢a deneyim siiresinin arttigi goriilmektedir.

Tablo 1. Hububat iireticilerine ait genel bilgiler

Table 1. General information about cereals producers

Isletme Biiyiikliikleri Gruplar

Kiigiik Orta Biiyiik Genel
Yas Yil 51.46 46.28 47.64 49.05
Egitim Yil 10.00 10.40 12.00 10.50
Hane halki biytikligi Kisi 4.05 4.68 3.93 4.24
Tarimla ugrasan hane halk: biiytikligi Kisi 1.54 1.84 2.36 1.79
Yillik ortalama tarimsal gelir 7] 52.547,30 118.480,00 352.500,00 129.490,13
Yillik ortalama tarim dis1 gelir 7] 39.625,00 51.600,00 123.333,33 59.062,50
Hububat deneyim siiresi Yil 16.19 18.44 22.64 18.12
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Tablo 2. Hububat iireticilerinin arazi yapisi

Table 2. Cereals producers’ land structure

isletme Biiyiikliikleri Gruplari

Kiigiik Orta Biiyiik Genel
Isletme Arazisi (da) 65.13 171.20 382.86 158.55
Ortalama Parsel Sayis1 (adet) 4.19 7.52 19.86 8.17
Ortalama Parsel Genisligi (da) 15.55 22.77 19.28 19.40

Incelenen tarim isletmelerinde ortalama arazi biiyiikliigii 158.55 da olup, araziler ortalama 8.17 parselden
olugmaktadir. Ortalama parsel genisligi ise 19.40 dekardir (Tablo 2).

Yozgat ili Yerkdy ilgesinin bitkisel iiretim deseni hububat ve seker pancari agirliklidir. incelenen isletmelerde
ise kuru tarimin yer aldigi sadece bugday ve arpa ekiminin yapildigi belirlenmis farkli bir triiniin ekimine
isletmede yer verilmedigi gorillmiistiir.

Isletmelerde hububat iiretiminin yan1 sira elde edilen iiriinlerin y1l boyunca ihtiyag duyuldugu zaman kullanimi
ve arz fazlasinin oldugu hasat doneminde diisiik fiyatlardan satilmasi yerine istenilen fiyatlardan satilabilmesi igin
depolamaya  ihtiyag  duyulmaktadir. Hububat {reticisi  isletmelerin  iiriin  depolama  bilgileri
incelendiginde %80.26’sinin depolama yaptig1, geriye kalaninin ise hasat sonrasi depolama yapmadan satig yaptig1
tespit edilmistir. Incelenen isletmelerin %25.00’inin kendi depolarini, %55.26’sinin ise lisansli depolar1 kullandig
belirlenmistir. Isletme biiyiikliigiinde ise iireticilerin kii¢iik, orta ve biiyiikk 6lcekli isletmelerde
sirastyla %48.6’sinin, %60.0’inin ve %64.3’iniin lisansli depolara iiriin teslim ettigi belirlenmistir. Genel bir
ifadeyle isletme 6lgegi biiylidiikge lisansh depolara {iriin teslim eden isletme sayis1 artmaktadir. Celik (2019) ve
Acibuca (2021) yapmis olduklari ¢aligmalarda hububat {ireticilerinin lisansli depoyu tercih etme oranlarini
sirastyla %27.0 ve %36.6 olarak belirlemislerdir. Arastirma bdlgesinde iireticilerin lisansli depolart tercih etme
oraninin diger bolgeler ile kiyaslandiginda yiiksek olmasina karsin yeterli diizeyde olmadig ifade edilebilir.

Ureticilerin lisansli depoyu tercih etme nedenleri satis sonras1 demenin hemen alimasi (%31.96), mesafe
olarak yakinlik (%26.80) ve yiiksek fiyat (%24.23) iken; yeterince bilgi sahibi olmama (%26.47), daha yiiksek
fiyattan pazarlama imkani (%23.53) ve hayvancilikta yem girdisi olarak kullanilma gibi faktorlerin (%23.53)
iireticiler tarafindan lisansl depolarin tercih edilmemesinde etkili oldugu sonucuna varilmistir. Isletme 6lceginde
lisansli depolarin tercihi incelendiginde kiiclik oOlgekli isletmelerde Onem sirasinda durum degisiklik
gostermemigtir. Orta Olgekli igsletmelerde pesin 6deme yapilmast (%43.55) onemini korurken, yiiksek fiyat
(%27.42) mesafeye (%12.90) oranla daha ¢ok 6nem kazanmugtir. Biiyiik 6lgekli isletmelerde ise yakin mesafe
(%35.29) en onemli tercih nedeni olurken, yiiksek fiyat (%29.41) ve pesin 6deme yapilmasi (%23.53) daha az
oneme sahiptir. Ceyhan ve ark. (2018) Ankara ve Kirikkale de yapmis olduklari ¢alismada benzer sonuglara
ulagmus, lisanslt depoculugun tercih edilmesinin nedenlerini tanidik ve gilivenilir bir yer olmasi, mesafenin
yakinlig1 ve yiiksek fiyat olarak tespit etmistir. Kirgehir ilinde ger¢eklestirilen ¢alismada tercih edilmeme nedeni
olarak bilgi sahibi olunmamasi (%22), daha yiiksek fiyattan pazarlama imkaninm olmast (%13), sisteme
giivenmeme (%8), iiriin fiyatinda diisme riski (%10) ve tesvikleri yetersiz bulma (%12) siralanmistir (Celik, 2019).

Calisma bolgesinde bulunan lisansli depolarda sadece hububat depolamasi yapilmaktadir. Depolama durumu
iriin bazli incelendiginde toplam iiretilen bugdaymn %55.32’sinin arpanin ise %19.08’inin lisansli depolara
aktarildig1 tespit edilmigtir. Arpanin agirlikli olarak hayvan beslemede kullanimi depolama oraninin diisiik
olmasinda etkili oldugu sdylenebilir. Isletme ortalamasinda hububat depolama miktarlar ise isletme biiyiikliik
gruplarina gore Tablo 3’te verilmistir. Lisanshi depolara birakilan ortalama bugday ve arpa miktarlari sirastyla
18.13 ve 3.15 tondur. Lisansli depolara birakilan tiriin miktaridaki artisla beraber 6lgek icerisindeki birakan sayisi
da artis gostermektedir. Biiylik 6l¢ekli isletmelerde hayvanciliga da biiyiik oranda yer verilmesi sonucu {iretilen
arpanin lisansli depolara teslim edilmeyerek kendi depolarinda stoklandigi belirlenmistir. Ayrica isletmelerde
hasattan hemen sonra depolama yapilmadan direkt satiglarin (%19.74) da gergeklestigi belirlenmistir. Hasat
sonrasi hemen satig yapanlarin depolama yapmama nedeninin ise, acil nakit ihtiyacindan kaynaklandig: tespit
edilmistir.

825



Tengiz & Ayyildiz
Hububat Ureticilerinin Lisansli Depoculuga Bakis Agisi: Yozgat ili Yerkoy ilgesi Ornegi

Tablo 3. Uretim miktarinin depolama durumuna gire dagilim

Table 3. Distribution of production quantity according to storage condition

isletme Biiyiikliikleri Gruplari

Kiigiik Orta Biiyiik Genel

Ton % Ton % Ton % Ton %

Kendi deposu 241 17.80 6.03 19.83 11.86 13.50 534 16.29

é’ Lisansli depo 6.38 4712 15.68 51.56  53.57 60.99 18.13 55.31
%D Depolama yok 4.75 35.08 8.70 28.61 2241 25.51 9.30 28.37
Toplam 1354 100.00 30.41 100.00 87.84 100.00 32.78 100.00
Kendi deposu 1.74 44.85 1.88 14.71 6.68 48.90 270 31.36

@ Lisansh depo 2.09 53.87 6.48 50.70 - - 3.15 36.59
<  Depolama yok 0.04 1.03 4.42 34.59 6.99 51.17 2.76  32.06
Toplam 3.88 100.00 12.78 100.00 13.66  100.00 8.61 100.00

Calismada lisansli depolar1 kullananlarin biraktiklari tirtin miktarindaki degisimde incelenmis ve Tablo 4’te
verilmistir. Lisansli depolara iiriin birakanlarin ¢ogunlugunun (%61.9) biraktiklari {iriin miktarinda degisimin
olmadig1 gériilmiistiir. Birakilan iiriinde artis oldugunu belirten isletmelerin artisin nedeni olarak ekim alanindaki
arti, lisansli depolarin temiz ve {iriinde zaiyat olmadan geri alinabilmesi oncelikle siralanmig, birakilan irtinde
azalmanin nedenleri arasinda ise kuraklik ve maliyetlerdeki artisindan dolayi kullanilan girdinin azaltilmasi
nedeniyle iiriin verimindeki kayiplar belirtilmistir.

Tablo 4. Ureticilerin lisansh depolara biraktiklart iiviin miktarinda degisim

Table 4. Change in the amount of products stored in licensed warehouses

Isletme Biiyiikliikleri Gruplar

Kiigiik Orta Biiyiik Genel
Frekans % Frekans % Frekans % Frekans %
Artt1 4 2222 1 6.67 1 11.11 6 14.29
Azaldi 5 27.78 2 13.33 3 33.33 10 23.81
Degismedi 9  50.00 12 80.00 5 55.56 26 61.90
Toplam 18 100.00 15 100.00 9 100.00 42 100.00

Ureticiler lisansli depolara teslim ettikleri iiriinii dogrudan lisansl depolara satabildigi gibi ayn1 zamanda borsa
ve Toprak Mahsulleri Ofisi (TMO) araciligiyla da satis gerceklestirebilmektedirler. Ureticiler borsalar araciligiyla
daha yiiksek fiyattan iiriiniinii satma sansina sahipken, alim garantisi ve giivenilirligi uzantisinda ise depolanan
triinlerini TMO’ya satmaktadirlar. Arastirma bolgesinde isletmelerin %45°i ayn1 zamanda borsa {izerinden de
islem yapmaktadir. Borsa da islem yapan isletmeler 6l¢ek bazinda degerlendirdiginde, isletme biiyiikliigiine bagl
olarak artis gostermektedir. Kiiciik, orta ve biiylik 6lgekli isletmelerin sirastyla %16.7’si, %53.31 ve %88.9u
borsa da islem yapmaktadir. Borsay1 tercih etme nedenleri arasinda yiiksek fiyat verilmesi ve pesin 6deme
yapilmas1 gelmistir. Isletmelerin daha cok TMO (%96)’ya satis yapmak aracilityla iiriinii lisanshi depolarda
beklettikleri tespit edilmistir. Tiirkiye’de TMO tahil ticareti basta olmak iizere tahil piyasasindaki fiyatlarin
belirlenmesi, ilan1 ve iiriin alimlar1 yolu ile s6z sahibidir (Konyali ve Gaytancioglu, 2007; Keles, 2019). TMO’yu
secimlerinde Oncelikle devlet kurulusu olmasindan dolayr satis kanali olarak tercih ettiklerini belirtmislerdir.
Ayrica ddemelerin pesin yapiliyor olmasi, mesafenin yakimligi ve her kalitede iiriiniin alintyor olmasi bu
kararlarinda etkili olmaktadir. Nitekim TMO’nun bugdayda alim fiyatin1 agiklamasi {ireticilerin {iriinii dogrudan
veya depolarda bekleterek ofise satmalarini saglamaktadir. Bu durum hasat déneminde hububatta arz fazlasi
nedeniyle olusabilecek fiyat diisiislerinin 6nlenmesi ve piyasanin dengelenmesi ile iireticilerin daha iyi kosullarda
iiriinlerini pazarlayabilmesi saglanmaktadir. 2021 y1l1 igin TMO’nun bugday da ton basina agikladigi alim fiyati 2
bin 250 TL iken, 6 bin 450 TL’ye ¢ikarilmistir (TMO, 2022). 2021 sezonunda bugdayini bekleten veya yatirim
yapanlarin triinleri yiiksek fiyatlardan satilmistir. Ayrica bugdaymi ofise satan iireticiye 1000 TL’lik de prim
destegi verilmistir. TMO tarafindan yapilan miidahale alim fiyatlar ile isletmelerin hasat donemine oranla daha
yiiksek fiyatlarla satig s6z konusu olmustur.
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Calismada lisansli depolara iiriin birakan isletmelerin yiiksek bir kismi1 (%90.5) hasat dénemine gore daha
yiiksek fiyatlardan satis yaptiklarini belirtmislerdir. Ceyhan ve ark. (2018) ¢aligmasinda lisansli depolara {iriin
birakan iireticilerin hasat donemine oranla hasattan 8 ay sonra yaklasik %35 daha yiiksek fiyatla iiriin sattiklarim
belirtmistir.

Lisanslt depolarin yayginlagmasi ve daha etkin hale gelmesinde fiiretici goriisleri 6nem arz etmektedir. Bu
baglamda iireticilerin lisansli depoculuga yonelik bakis agilar likert 6lgeginde degerlendirilmis ve Tablo 5°te
sunulmustur. Lisansli depoculuk sistemine bakis acilar1 kullanan ve kullanmayan hububat iireticilerine gore
isletme biiyiikliik gruplart arasinda belirgin farkliliklar olmadig1 icin karsilastirma yapilmamistir. Lisanshi depo
kullanan iireticiler sistemin iireticiye giivenli ve temiz bir depo imkani sagladiginy, iiriiniinii ihtiyaci oldugu zaman
kullanabilme, depolama siiresi boyunca kalitenin korunabildigi ve hasat ddneminde diisiik fiyattansa depolama ile
iiriin senedi alarak yiiksek fiyattan satabilme imkaninin oldugunu ifade etmiglerdir. Lisanslt depolarin kurulus
amagclarindan biri olan fiyat istikrarinin korumasinda yeterlilik yargisina treticiler katilim saglamistir. Nitekim
Kirsehir ilinde gergeklestirilen benzer bir ¢alismada iireticilerin lisansli depolarin fiyatlama politikasindan
memnun (%80) olduklari belirlenmistir (Dogan ve Bulut, 2021). Sistem ile ilgili 6nyargilardan biriside
smiflamanin dogru yapilmiyor oldugu diisiincesidir (Ceyhan ve ark., 2018). Lisansli depoculuk sistemini kullanan
igletmelerin siniflandirmanin dogru yapildigi goriisii hakimken (3.86), bu oran sistemi kullanmayan igletmelerde
daha diisiiktiir (3.77). Aydin ilinde gerceklestirilen caligmada ise tireticilerin standartlara uygun siniflama yapilma
durumuna katilim diizeyi daha yiiksek (3.89) bulunmustur (Giiney Ege Kalkinma Ajans1 [GEKA], 2014). Ancak
iiriinlerin kalitesine goére siniflandirilmasi Ticaret Bakanlig1 kontroliinde ve bakanlik tarafindan belgelendirilen
yetkili siniflandiricilar tarafindan gergeklestirilmektedir (Kanun, 2005). Depolama sistemini kullanmayan
reticilerin ifadelere genel katilimda kararsiz olduklar1 goriilmektedir. Bu durum lisanshi depoculuk sisteminin
yeteri kadar Dbilinmediginden ve yayginlasmamasindan kaynaklandigi diisliniilmektedir. Nitekim
tireticilerin %44.7’si lisanslt depolarin yayginlasmadigi goriisiindedir. Genel olarak lisansli depoculuk sistemine
bakis acilart degerlendirildiginde hububat iireticilerin sistemin saglamig oldugu avantajlar1 bilmeleri sonucunda
depo kullaniminin artacagi sdylenebilir. Halihazirda sistemin i¢inde olan {ireticilerin avantajlar konusunda bilgi
diizeylerinin yiiksek oldugu, kullanmayanlarin ise avantajlar konusunda kismen bilgi sahibi oldugu goériilmektedir.
Kirsehir ilinde gergeklestirilen ¢alismada tireticilerin %35’inin lisansli depolarin avantajlari hakkinda bilgi sahibi
oldugu saptanmistir (Celik, 2019).

Lisansli depoculuk sistemi igerisine giren isletmeler i¢in bazi devlet tesvikleri s6z konusudur. Bu nedenle
tesvikler konusunda {ireticilerin bilgi diizeyi ve sisteme dahil olma {izerindeki etkilerinin incelenmesine gerek
duyulmustur. Lisansli depolar1 kullanan iireticilerin ¢ogunlugunun, kullanmayan iireticilerin ise yaklagik yarisinin
tesvikleri bildigi sdylenebilir. Lisansh depoculuk sistemini kullanan isletmelerin; sistemin devlet giivencesi altinda
oldugu (%92.9), %2 stopaj muafiyeti (%92.9), bagkur muafiyeti (%88.1), depo kiratnakliyetanaliz destegi
(%90.5), faizsiz kredi imkani (%66.7) ve kalite kaybina ugramadan geri ¢ekebilme imkanini (%83.3) bildigi
belirlenmistir. Sistemi kullanmayan isletmelerin ise tesvikleri kismen bildigi ve sirasiyla bilme durumlarindaki
dagilimin %55.9, %44.1, %52.9, %4.2, %23.5 ve %44.1 oldugu goriilmiistiir. Bu durum lisansh depo kullanan ve
kullanmayan ayirmaksizin tegvikler ile ilgili yeteri kadar igletmelerde bilgi seviyesine ulasilmadigim
gostermektedir. Dogan ve Bulut (2021) iireticilerin en fazla 6nem verdikleri tesvik/destekleme araglarini %2 stopaj
indirimi, devlet giivencesinin olmasi ve kira+nakliye+analiz destegi olarak belirtmistir. Celik (2019) ise devlet
giivencesinde olmasi, birgok destegin veriliyor olmasi ve muafiyetlerin olmasi olarak siralamistir.

Tesvik ve desteklemelerin varligi bir¢ok konuda {ireticilerin faaliyetlere katilimma tesvik etmektedir.
Ureticilerin destekleme ve tesviklere verdigi dnem “tesviklerin lisansli depoculuk kullanimini arttirmast” yargisi
ile de desteklenmektedir (Tablo 6). Sistemi kullanan isletmelerin %54.8’i, kullanmayanlarin ise %58.8’i
tesviklerin depo kullanimini arttiracagi goriisiindedir. Bu durumda sistemi kullanan igletmelerin destek ve
tesviklerin kaldirilmasi sonucu depolama kararlarini sorgulayacagi, sistemi kullanmayan isletmelerin ise tesvik ve
desteklemelerin arttirict yonde yeniden diizenlenmesi sonucu sisteme dahil olabilecegi sdylenebilir. Nitekim
lisansli depolara {iriin birakan isletmelerin %59.52’si devlet desteklemelerinin kaldirilmasi sonucunda iiriin teslim
etmeye devam edeceklerini belirtmistir. Uriin birakmaya devam edecegini belirten iireticiler borsa kanaliyla
Tiirkiye’nin her yerine iiriin satilabilmesi, ihtiya¢ halinde hi¢bir kayip olmadan iiriiniinii teslim alabilmesi ve hasat
sonrast hemen {iriiniinii depolama imkaninin olmasindan dolay: lisansli depolara iiriin birakmaya devam
edeceklerini belirtmistir. Desteklemelerin kaldirilmasi sonucu {iriin birakmayacak (%40.48) fireticiler ise
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birakmama nedenleri arasinda depo kirasinin alinacak olmasi, iiriiniin direkt tarladan zahireciye satilabilme imkani

ve devlet desteginin kalkmasi durumunda iiriiniin fiyatlandirmasina giiven duymayacaklarini belirtmistir.

Tablo 5. Ureticilerin lisansh depoculuk sistemine bakis acilart

Table 5. Producers’ perspectives towards licensed warehousing system

Lisansh Depo Kullanan

Lisansh Depo Kullanmayan

Farkindalik durumu 1

2 3 4 5

Ort.
Puan

2 3 4 5

Ort.
Puan

Giivenli ve temiz bir

2.4
depo imkani saglar.

- 143 333 500

4.29

29 471 353 147

3.62

Uriinii istedigi zamanda
kullanma imkani -
vermektedir.

- 119 357 524

4.40

29 441 412 118

3.62

Depolama karsiliginda
alinan iirtin senedi
vasitastyla kredi
imkanin1 kolaylastirir.

- 143 429 429

4.29

2.9

147 471 235 11.8

3.26

Kolay ve uygun fiyatla
pazarlama imkant -
saglamaktadir.

48 119 310 524

431

88 441 353 118

3.38

Tiirkiye de lisansli depo
sistemi tam olarak
anlagilmigtir.

16.7

- 119 381 333

3.71

20.6

- 265 176 353

3.47

Lisansli depolar fiyat
istikrarini saglamada 11.9

yeterlidir.

- 143 524 214

3.71

5.9

- 529 147 265

3.56

Devlet tesvikleri lisansl
depo kullaniminin
artmasini saglar.

9.5

19.0 16.7 310 238

3.40

- 412 353 235

3.82

Mevcut lisansli depolar
bolge kapasitesi i¢in 9.5

yeterlidir.

16.7 476 26.2

3.81

8.8

353 353 353 206

3.59

Lisansli depolarda
hasattan sonra
depolanan tiriiniin satisa
kadar gegen siirede
kalitesi korunmaktadir.

9.5

- 214 476 214

3.71

11.8

- 441 206 235

3.44

Lisansli depolarda
analizler uzman kisiler
tarafindan dogru 9.5
smiflandirma

yapilmaktadir.

- 190 381 333

3.86

2.9

- 441 235 294

3.77

Lisansli depolarda
depolama masraflar
diisiik olmasi karin
artmasini

14.3

saglamaktadir.

- 16.7 31.0 381

3.76

235

- 353 118 294

3.24

Likert dlgeginde degerlendirilmistir. (Kesinlikle katilmiyorum-1, Katilmiyorum-2, Ne katiliyorum ne katilmiyorum-3, Katiliyorum-4, Kesinlikle katiliyyorum-5)
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4. Sonug¢

Yozgat ili Yerkdy ilgesinde gerceklestirilen galigmada iireticilerin %55.26’s1 lisansli depolart tercih etmektedir.
Tiim isletme gruplarinda lisansli depolara iiriin birakan iireticiler yaklagtk esit pay almaktadir. Uretilen
hububatin %51.4’liniin, ortalama 18.13 ton bugday ve 3.15 ton arpanin lisansl depolarda depolandig: tespit edilmistir.
Lisansli depolar tercih eden ireticilerin depolama tercihlerinin TMO’ya satis isleminde kullandiklar ve tamamina
yakininin TMO’ya satig yaptigi goriilmektedir. Bu durum TMO’nun fiyat agiklamasindan ve devlet kurulusu olmasi
kaynakli giiven duyulmasinin bir sonucudur.

Lisansli depoculuk sistemini kullanan {ireticilerin lisansli depolarmn saglamis oldugu avantajlara yonelik
farkindaligin olustugu, kullanmayan iireticilerin ise yeteri kadar bilgi sahibi olmamasi nedeniyle 6n yargili olduklari
belirlenmistir. Bunun igin bolgede iireticilere lisansli depoculugun saglayacagi avantajlari ile ilgili bilgilendirmelerin
yapilmasi lisansli depo tercihinin artmasi yoniinde faydali olacaktir.

Ureticilerin depolamada lisansl depolari tercih etmeye devam edecekleri sdylenebilir. Bu noktada desteklemelerin
lisanshi depolara iiriin birakmaya devam etme iizerinde etkisinin de yiiksek oldugu ifade edilebilir. Bu durumun en
temel sebebinin yiiksek iiretim maliyetlerinden kaynaklandig1 diistiniilmektedir. Depolanan iiriinlerin devlet giivencesi
altinda olmasi, saglanan destek ve muafiyetler ile iiriinlerin pazarlanmasi sonucunda kazang saglanabilmekte aksi
takdirde yiiksek tretim maliyetleri karsisinda elde edilen gelir yetersiz kalabilmektedir. Sistemin iirtin-fiyat
mekanizmasimin olusturulmasi iizerinde etki yaratmasi beklenmektedir. Lisansli depoculuk sistemi i¢inde yer alan
isletmelerde sistemin fiyat olusumuna destek sagladigi, diger isletmelerin ise bu goriise yeteri kadar katilmadig:
gorillmiistiir. Ayrica iireticilerde desteklemelerin kalkmasi sonucunda lisansli depolarda fiyatlandirmanin dogru
belirlenmeyecegi goriisli de vardir. Lisansli depolara {iriin birakmayan hububat iireticilerinde ise yaklasik yarisinin
tesviklere yonelik bilgi sahibi oldugu ve tesviklerin lisansli depo kullanimini arttiracagi (%58.8) goriisiindedir. Bu
durum lisansh depolara iiriin birakmayan {ireticilerin tesviklerde yapilacak diizenlemeler ile depolama tercihlerinde
degismenin olabilecegini gostermektedir.

Diger sektorlerde oldugu gibi tarim sektoriinde de iireticiler kendi yararina olan olusumlari desteklemektedir. Ancak
bu tiir olusumlarin yaygin olarak kullanimi, sistemin yararmna yonelik bilgi diizeyinin arttirilmasi ile miimkiin
olabilmektedir. Lisansli depoculuk sistemini kullanmayan iireticilerin sistem konusunda yeteri kadar bilgi sahibi
olmadig1 goriilmektedir. Diger 6nemli konu ise fiyat istikrarini saglama noktasinda iireticilerin acil nakit ihtiyacindan
dogan dogrudan satiglar sistemin istenilen seviye gelmedigini géstermektedir. Bu durumun oniine gegilmesinde
tarimsal destek politikalarmin uygulanmasi dnem tasirken, depolama tercihlerinin lisansli depolara yonelik degisimin
saglanmasi noktasinda referans fiyatlarin belirlenerek iireticilerin fiyat diisiislerinden korunmasi 6nerilmektedir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Hus Agacinda Zarar Yapan Nematus (=Croesus) septentrionalis (L., 1758)
(Hymenoptera: Tenthredinidae)’in Biyolojisi*

Biology of the Nematus (=Croesus) septentrionalis (L., 1758) (Hymenoptera:
Tenthredinidae) Making Damage to Betula pendula RothTree*

Ahmet Bugra AYKACY, Onder CALMASUR?

Oz

Hus agac1, Betula pendula Roth. Diinyanin birgok bélgesinde yayilisa sahip olan ve 40 kadar tiiri bulunan 6nemli
bir siis ve orman bitkisidir. Tiirkiye’de ise Kuzey Anadolu ve Dogu Anadolu bdlgelerinde sik¢a rastlanmaktadir.
Hus agacinda zarar yaptig1 bilinen birgok zararli bocek tiirii bulunmaktadir. Bu ¢aligmaya konu olan zararl: tiire
ait 6rnekler Erzurum Merkez, Atatiirk Universitesi Yerleskesi, Merkez Teke deresi ve Aziziye yerleskesinden
alinmistir. Calismanin amaci, Nematus (=Croesus) septentrionalis'in (L.,1758) hus agaclarinda biyolojisini ve
verdigi zarar1 belirlemektir. Ornekler 20 Haziran ile 20 Eyliil 2019 ve 2020 tarihleri arasinda toplanmustir.
Zararhinin ekolojisini belirlemek i¢in 2018 yilinda bir 6n durum degerlendirme ¢alismasi yapilmigtir. Bocegin
ergin 6rnegi giinesli giinlerde hus agaclarindan, larvalar ise yedikleri dallarin yapraklari ile birlikte budama makasi
yardimi ile kesilerek toplanmistir. Pupalar topragin 4 parmak (10-15 cm) derinlige kadar ¢apa yardimiyla
kazilmastyla elde edilmistir. Toplanan erginler kavanozlara yerlestirilmis ve etil asetat ile dldiiriilmiistiir. Olii
numuneler kiigiik bir karton kutuya aktarilarak, kutunun {izerine numunenin alindig: yer, ebadi ve alindig tarih
yazilmig ve laboratuvara getirilmis, ardindan bantlanarak etiketlenmistir. Larvalar beslenecegi yapraklarla birlikte
dip kisminda toprak olacak sekilde desikatore konulmus, ardindan su ile nemlendirilmis emici pamuk zemine
birakilmig ve larvalart beslemek ve olgunlagtirmak igin giin agiri taze yapraklar laboratuvara getirilmistir.
Aragtirma sonucunda Nematus (=Croesus) septentrionalis'in yumurtlama zamani, larva evresi ve nesil sayis1 dogal
yasam kosullarinda belirlenmistir. Bulagiklik oranin1 elde etmek i¢in hasarli aga¢ sayisi belirlenirken ayrica
yapraklardaki yumurta ve larva sayisini tespit etmek igin rastgele secilen agaglarin dallarindaki hasarl yapraklar
saytlmistir. Bu calismada Nematus (=Croesus) septentrionalis'in biyolojisi ve hus agaclarina verdigi zarar
incelenmistir. Bu konu {izerinde caligan gelecekteki arastirmacilar i¢in faydali bilgiler ortaya g¢ikarilmistir.
Erzurum kosullarinda zararlinin yilda bir nesil verdigi tespit edilmistir.

Anahtar Kelimeler: Nematus (=Croesus) septentrionalis, Tenthredinidae, Hymenoptera, Betula pendula, Erzurum, Tiirkiye
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Abstract

Birch tree Betula pendula Roth. is an important ornamental and forest plant, which has a distribution in many parts
of the world and has about 40 species. In Turkey, it is frequently encountered in North Anatolia and East Anatolia
regions. There are many harmful insect species known to damage birch trees. Samples of the pest species that are
the subject of this study were taken from Erzurum Center, Atatiirk University Campus, Merkez Teke Stream and
Aziziye Campus. The aim of the study is to determine the biology and damage of Nematus (=Croesus)
septentrionalis (L., 1758) on birch trees. Samples were collected between 20 June and 20 September 2019 and
2020. A preliminary assessment study was conducted in 2018 to determine the pest's ecology. The adult specimen
of the insect was collected from birch trees on sunny days. The larvae were collected by cutting with the help of
pruning shears together with the leaves of the branches they ate. Pupae were obtained by digging the soil to a depth
of 4 fingers (10-15 cm) with the help of a hoe. The collected adults were placed in jars and killed with ethyl acetate.
Dead samples were transferred to a small cardboard box, brought to the laboratory, taped and labeled with the
location, size and date of sample collection written on the box. The larvae were placed in a desiccator with the soil
at the bottom together with the leaves they will feed on, absorbent cotton moistened with water was left on the
ground and fresh leaves were brought to the laboratory every other day to feed and mature the larvae. As a result
of the research, spawning time, larval stage and number of generations of Nematus (=Croesus) septentrionalis
were determined under natural living conditions. While the number of damaged trees was determined to obtain the
parasitism ratio, the damaged leaves on the branches of randomly selected trees were also counted to determine
the number of eggs and larvae on the leaves. In this study, the biology of Nematus (=Croesus) septentrionalis and
its damage to birch trees were investigated. Useful information has been uncovered for future researchers working
on this topic. It was determined that the pest gave one generation per year in Erzurum conditions.

Keywords: Nematus (=Croesus) septentrionalis, Tenthredinidae, Hymenoptera, Betula pendula, Erzurum, Turkey
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1. Giris

Betula pendula Roth. (hus agaci) pek ¢ok tilkede dogal yayilisa sahip olan ve 40 kadar tiirii bulunan bir bitkidir.
Ulkemizde ise Dogu Anadolu ve Kuzey Anadolu’da ¢okga bulunmaktadir (Yaltirik, 1993; Aksoy, 2014). B
pendula diger tiirlerden ayr1 olarak fazlaca park bahge ve yol kenarlarinda yaygin olarak goriilen bir siis bitkisidir.
Boylar1 20 m’ye kadar uzayan beyaz renkli, ince ve kagit gibi soyulan karakteristik gdvdeye sahip agag tiirtdiir.
Geng dallar ince ve hassas olup asag1 dogru sarkmaktadir. Yaprak sekli baklava dilimi ile benzerlik gostermektedir.
Erkek cicek topluluklari, yaz mevsiminde ortaya ¢ikar; kist agikta gecirirler, ilkbaharda gelisimlerini tamamlarlar
ve asag1 dogru sarkiktirlar (Jato ve ark., 2007; Piotrowska, 2008). Yurdumuzun yiiksek kesimlerinde yayilig
gosteren hus tiirlerinin yapilan incelemeler sonucunda 5000 y1l dnce Dogu Anadolu Bolgesi’nde giiniimiize kiyasla
daha genis alanlarda yayilim gosterdikleri anlagilmaktadir (Tanriverdi, 1977). Ancak hus ormanlar1 herhangi bir
koruma tedbirinin alinmamasi nedeniyle siirekli tahrip edilmislerdir. Ulkemizde asir1 yapilasma ve hatali arazi
kullanimlar1 sonucunda bir¢ok tarim alanlari ve ormanlar yok edilmistir. Bu sebeple bitki varliklarinin yasam
alanlar1 zamanla azalmistir. Bu sebep ile huglarin yayilist her gegcen yil azalmig, bugiin korunmaya alinan
bolgelerde nadir olarak kalmistir (Tanriverdi, 1977). Ekolojik etmenlerin disinda hus agaclarinin azalmasinda
zararli boceklerin pay1 da oldukga fazladir (Canakgioglu, 1993). Hus agacglarinda zararh bocek tiirleri; Coleoptera
[Phyllodecta vitellinae (L.), Plagiodera versicolara (Laich.), Altica quercetorum quercetorum (Foud.),
Crepidodera aurea (Geoff.), Apoderus coryli L., Deporaus betulae (L.), Rhagium inquisitor (L.), Scolytus
intricatus (Ratz.), Agrilus viridis (L.), Hylecoetus dermestoides (L.), Prionus coriarius (L.), Rhagium bifasciatum
(Fabr.), Melolontha melolontha (L.)], Lepidoptera [Arctia caja (L.), Autographa gamma (L.), Cerura vinula (L.),
Phalera bucephala (L.), Leucoma salicis (L.), Collotois pennaria (L.), Deuteronomos quercaria (Hbn.), Erannis
defoliaria (Cl.), Erannis marginaria (Fabr.) ve Phigalia pilosaria (Schiff.),] ve Hymenoptera; [Nematus
(=Croesus) septentrionalis (L.), Vespa crabro (L.), Xiphydria camelus (L.) ve Pseudoclavellaria amerinae (L.)]
takiminda toplanmaktadir Hus zararlilari igerisinde 6nemli bir yere sahip olan Symphyta alttakim1 (Hymenoptera)
6 ustfamilyaya ait ve 14 familyadan olusmaktadir (Gauld ve Bolton, 1988). Tenthredinoidea iistfamilyasina ait
Tenthredinidae familyasi gerek habitat gerekse de goriiniis bakimindan oldukga fazla gesitlilik gdsteren bir gruptur.
Diger tiim Symphyta familyasina kiyasla daha fazla tiir sayisina sahiptir (Gauld ve Bolton, 1988). Selandriinae,
Atelozinae, Nematinae, Heterarthrinae, Blennocampinae, Allantinae ve Tenthredininae olmak {izere yedi
altfamilyadan olusur (Taeger ve ark., 2018). En biiyiik altfamilya Tenthredininae’dir. Tenthredinidae (Testereli
arilar) tiirlerinin ekvatordan vejetasyonun olabildigi en kuzeydeki noktalara kadar olan her kesimde gorildiigi,
kuzey yarimkiirenin 1liman iklime sahip bolgelerinde 6000'den fazla tiir icerdigi, Kuzey Amerika' da 800,
Kanada'da ise 600’e yakin tiiriiniin bulundugu bildirilmistir (Goulet ve Huber, 1993). Avrupa kitasinda yedi
altfamilyaya bagli yaklasik 900 tenthredinid tiirliniin bulundugu belirtilmistir (Gauld ve Bolton, 1988). Bazi
iilkeler, Tenthredinidae tiir say1s1 bakimindan ele alindiginda; Arnavutluk' da 131, Almanya'da 696, Isvigre'de 537,
Rusya'da 827, Romanya'da 496, italya'da 399, Bulgaristan'da 326, Yugoslavya'da 285 ve Yunanistan' da 114
tiiriiniin tespit edildigi bildirilmektedir (Liston, 1995). Hymenoptera takiminda ekonomik bakimdan 6nemli zararli
tiirleri igeren en biiyiik familya durumundaki tenthredinid erginleri, ¢igeklerdeki baldzii (nektar) ile beslenmekte
olup, larvalarin bir¢ogu bitkilerin yapraklarin1 dogrudan yemek, bazilar siirgiin ve meyvelerde galeri acarak,
kimileri (6zellikle Nematinae) gal olusturarak, az sayidaki bazi tiirler de yapraklar1 biikmek suretiyle zararh
olduklari kayit altina almmustir (Gauld ve Bolton, 1988; Goulet ve Huber, 1993).

Tenthredininae familyas igerisinde Nematus (=Croesus) septentrionalis (L.) hus agaglarinda baslica potansiyel
zararli durumundadir. Zararlinin larvalar1 B. pendula yapraklari ile beslenmektedir. Larvalar yesilimsi sik siyah
lekeli bir goriiniime sahiptir. Ik dénemlerinde yaprak kenarma dizilmis vaziyette beslenirken son dénemlerine
dogru dagilarak tek tek beslenmekte ve yogun popiilasyon oldugunda zararin fazla olmasindan dolay: agag
tamamen ¢iplak bir goriiniim almaktadir. Atatiirk Universitesi Kampiisii’nde bulunan hus agaglari iizerinde yogun
oldugunda belirli yillarda birgok hus agacinin kurumasina neden oldugu gozlemlenmistir. Bazi yillar, 6zellikle
2002'de Erzurum'da bir¢ok yerde popiilasyon ¢ok artmistir. Nematus (=Croesus) septentrionalis’in konukgulari,
Alnus, Betula, Salix, Populus, Fraxinus, Sorbus ve Corylus cinslerine bagl, Alnus glutinosa, A. incana, Betula
alba, B. pubescens, B. pendula, Carpinus betulus, Corylus avellana, Fraxinus excelsior ve Salix pentandra olarak
kaydedilnistir (Liston 1995; Taeger ve Blank, 1998; Lacourt, 1999).Ulkemizde Tenthredinidae iizerinde yapilmis
sistematik kapsamli bir takim ¢aligmalarin mevcut olusu gz 6niine alinarak (Calmasur, 2002; 2006; 2007; 2011;
2019; 2020), biyolojik ¢esitliligin fazla oldugu, Kuzeydogu Anadolu Bolgesi'nde Tenthredinidae familyasina ait
tirlerin her birinin biyolojik ¢aligmalarinin eksikligi ve 6nemli bir bitki olan hus agaglari lizerinde zarara sebebiyet
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vermesinden dolay1 N. (=Croesus) septentrionalis’in biyolojisinin ve zararinin ortaya koyulmasi amaci ile bu
calisma yapilmustir.

2. Materyal ve Metot
2.1. Materyal

Calismanin drnek materyallerini, Erzurum Merkez (Atatiirk Universitesi Kampiisii) ve Aziziye ilgesindeki tarim
ve orman agaglarmi kapsayan bolgelerden toplanan Tenthredinidae (Hymenoptera, Symphyta) familyasmdan Nematus
(=Croesus) septentrionalis’e ait larva ve erginler olusturmaktadir. Orneklemeler icin 33-35 cm capl tiil atrap, 6ldiirme
siseleri, etil asetat, % 70'lik alkol, ephendorf tiipleri, yumusak uclu fircalar, seffaf polietilen torbalar, kese kagitlari,
plastik veya cam kavanozlar, kiiltiir kaplar1 ve diger laboratuvar ekipmanlar1 kullanilmistir.

2.2. Yontem
2.2.1. Calisma alaninin ozellikleri

Erzurum Tiirkiye’nin rakimi yiiksek (1900 m) soguk illerindendir. Yaz mevsimi kurak ve sicak, kis mevsimi ise
yagisl ve sert gegmektedir. Genelde sert karasal bir iklim hakimdir. Yillik ortalama yagis miktar1 453 mm’dir. En fazla
yagisi ilkbahar ve yaz aylarinda, en az ise kis aylarinda almaktadir. Kigin yagislar genel olarak kar seklindedir ve kar
yagish olan giin sayist 50, karin yerde kalma siiresi de 114 giin kadar olmaktadir. Ortalama yillik sicak 6.1°C’dir
(Anonim, 2019).

2.2.2. Orneklerin toplanmast

2019-2020 yilinda, 20 Haziran—20 Eyliil tarihleri arasinda Erzurum Merkez, Atatiirk Universitesi Kampiisii,
Aziziye ilge arazilerinden toplanmustir. Zararlinin biyolojisinin belirlenebilmesi i¢in, 2018 yilinda bilgilenmek amaci
ile pilot bir calisma yapilmistir. Ergin 6rnekler, giinesli giinlerde hus agaci (Betula pendula) yapraklari iizerinden atrap
kullanimina ek olarak elle de toplanmistir. Yaprak {izerinde beslenen larvalar beslendikleri yaprak dalinin sap
kisimlarinin budama makasi yardimiyla kesilmesiyle alinmigtir. Pupalar hug agacinin kdk ve tag izdiigiimiinden kazma
yardimiyla 10-15 cm derinliginde kazilarak alinmistir. Hus agaci lizerinden toplanan zararli tiiriin erginleri cam
kavanoza konulmus ve etil asetat kullamlarak dldiiriilmiistiir. Oldiiriilen erginler, kii¢iik kutulara aktarilmis, kutularm
lizerine ergin ornegin toplandigi yer, rakim ve toplandigi tarih yazilmis, laboratuvar ortaminda ignelenme islemi
yapilmistir. Taban kismina toprak koyulan desikatére beslendigi yapraklar ile birlikte larvalar alinmistir, desikator
igerisindeki nemi saglamak i¢in su kullanilarak 1slatilmis pamuk konulmus ve iki giinde bir hus agacinin taze yapraklari
ile larvalarin beslenmesi saglanmistir. Pupalar seffaf kutu igerisinde taban kismma 10-15 cm toprak kalinlig
olusturularak toprak yiizeyine konulmus, iizeri 5-10 cm olacak sekilde toprak ile kapatilmis, islatilan pamuk ile
nemlendirme saglanmis ve seffaf kutu {izerine havalandirma delikleri agilarak direkt giinese maruz kalmayacak sekilde
oda sicakliginda muhafaza edilerek gozlenmistir. Calisma bolgesindeki sartlar gz oniine alinarak yumurta birakma
zamanlari, yumurtanin agilma siiresi, larva siiresi ve nesil sayisi tespit edilmistir ve bu tespitlere ilave olarak, bulagiklik
oraninin belirlenmesi igin larvalar tarafindan zarara ugramis agaclar sayilmis ve zararlimm bulundugu agaglardan
rastgele secilen bir dalda bulunan zarar gérmiis yaprak sayisi belirlenmis ve yapraga birakilan yumurta ve larva sayilar
da tespit edilmistir.

2.2.3. Orneklerin degerlendirilmesi

Laboratuvara getirilen N. septentrionalis erginleri ignenin yaklagik 1/3’ii Gistte kalacak sekilde ve alt kisima yer,
tarih, rakim ve toplayici ismini belirterek etiket bilgileri yazilarak ignelenmis, stereo mikroskop altinda ergin bireyler
gozlemlenerek cinsiyet ayrimi yapilmustir. Disi bireylerin yumurta biraktigi yapraklar incelenmis, yapraktaki
yumurtalarin sayimi ile 6l¢limii yapilmistir. Yumurtadan ¢ikan larvalar besleme kafesinde kiiltiire alinmis, daha sonra
gelisen larvalardan donemine gore drnekler aliarak icerisinde %70’lik alkol bulunan cam tiiplere aktarilmistir. Leica
EZ4 mikroskop altinda dénemsel olarak alinan larva 6rneklerinin boy uzunlugu ile bas ¢ap1 6l¢iilmiis ve fotograflar
¢ekilmigtir. Kiiltiire alinan larvalarin daha sonra toprak igerisine gegerek pupa olmalari saglanmigtir.

2.2.4. Erzurum ili 2019-2020 yillart iklim verileri

Boceklerin yasam dongiileri i¢in cok dnemli bir etkiye sahip olan iklim degerleri (6zellikle sicaklik, nem ve yagis)
Erzurum Meteoroloji 12. Bolge Miidiirliigii verilerine bakilarak elde edilmistir (Sekil 1).
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Figure 1. Annual climate values of Erzurum province

Sekil 1. Erzurum ili yillik iklim degerleri

3. Arastirma Sonuclari ve Tartisma
3.1. Nematus (=Croesus) septentrionalis Linnaeus tiiriiniin sistematikteki yeri
Takim: Hymenoptera Linnaeus, 1758
Alttakim: Symphyta Emery, 1886
Ustfamiya: Tenthredinoidea Latreille, 1802
Familya: Tenthredinidae Latreille, 1802
Cins: Nematus (=Croesus) Leach, 1817
Tiir: Nematus (=Croesus) septentrionalis Linnaeus, 1758
3.2. Nematus (=Croesus) septentrionalis Linnaeus’un morfolojisi

Erginler 8-10 mm boyunda, bas ve thorax siyahtir. Abdomenin basal 2 segmenti ile apikal 2 veya 3 segmenti
siyah olup geri kalan1 kism1 kirmizimsi kahverengidir. Kanatlar genelde saydam ancak 6n kanadin ucu bulutludur.
Larvalarin uzunluklar1 22 mm kadar ulasabilmektedir. Larvalarin bas kismi1 parlak siyah viicutlar1 sarims1 yesil
renktedir (Alford, 2016) (Seki! 2).

Figure 2. Nematus septentrionalis adult (a) and larvae (b)

Sekil 2. Nematus septentrionalis ergini (a) ve larvalar: (b)
3.2.1 Ergin

Erginler 8-10 mm boyunda, bas kism1 ve thorax siyahtir. Abdomenin basal 2 segmenti ile apikal 2 veya 3
segmenti siyah renkli ve geri kalan1 kirmizimsi kahverengidir. Kanatlar genelde saydam ancak 6n kanadin ucu
bulutludur (Sekil 3).
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Figure 3. Adult of Nematus (=Croesus) septentrionalis

Sekil 3. Nematus (=Croesus) septentrionalis’in ergini
p g

3.2.2 Yumurta

1.60-1.65 mm boyunda ve 0.55-0.65 mm eninde, beyazimsi renkte, su damlasina benzer silindirik geklinde ve
yaprak arka ylizeyinin ana damar ve yan kol damarlar1 izerine sira seklinde dizilerek birakilmaktadir (Sekil 4).

837



Ayka¢ & Calmasur
Hus Agacinda Zarar Yapan Nematus (=Croesus) septentrionalis (L., 1758) (Hymenoptera: Tenthredinidae)’in Biyolojisi

Figure 4. Egg and 1st instar larva of Nematus (=Croesus) septentrionalis
Sekil 4. Nematus (=Croesus) septentrionalis‘in yumurtast ve 1. dénem larvast

3.2.3 Larva

Viicut yesilimsi, dorsal ve lateral kismi kesik serit seklinde siyah lekeli ve ventralde bacak kaide ¢evresi siyah
lekeli, bas bolgesi genis siyah, viicut arkaya dogru daralarak incelesir ve iizeri siimiiksii bir tabaka ile kaplidir.
Govde uzunlugu 1. dénem larvada min 4.69 mm, max 5.68 mm; 2. dénem larvada min 4.83 mm max 6.92 mm; 3.
doénem larvada min 14.88 mm max 18.15 mm ve 4. dénem larvada: min 20.97 mm max 23.94 mm boyundadir
(Sekil 5; 6).
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Figure 5. Nematus (=Croesus) septentrionalis larvae. A) 1st Term, B) 2nd Term, C) 3rd Term, D) 4th Term

Sekil 5. Nematus (=Croesus) septentrionalis larvalari. A) 1. Dénem, B) 2. Dénem, C) 3. Donem, D) 4. Dénem

I

Figure 6. Larvae of Nematus (=Croesus) septentrionalis. A) 1st Term, B) 2nd Term, C) 3rd Term, D) 4th Term

Sekil 6. Nematus (=Croesus) septentrionalis’in larvalari. A) 1. Donem, B) 2. Donem, C) 3. Donem, D) 4.
Donem

3.2.4 Pupa

Larva genellikle, 10-15 cm (Dort parmak kalinligi) derinligindeki topraga geger, ince bir koza 6rer ve pupa
olur. Ordiigii koza uzunca, silindirik sekilde ve igerisindeki pupa serbest halde bulunmaktadir (Sekil 7).
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Figure 7. Pupa of Nematus (=Croesus) septentrionalis

Sekil 7. Nematus (=Croesus) septentrionalis’in pupast
3.3. Nematus (=Croesus) septentrionalis Linnaeus’un biyolojisi ve zarart

Zararl tiiriin biyolojisini tespit etmek igin, 2018 yilinda bir pilot ¢caligma yapilmistir. N. septentrionalis kis
ordiikleri koza igerisinde larva olarak gecirmis, erginleri ise Erzurum ilinde Haziran ve Temmuz aylarinda
goriilmistiir. Yumurtalarint konuk¢usunun yaprak damarlari igerisine birakmakta ve 5-14 giin igerisinde
yumurtalarm agilimi meydana gelmektedir. Larvalar yaprak kenari boyunca thorax bacaklari tizerinde viicudun
geri kalan kismi yay seklinde kivrim alarak toplu gruplar halinde beslenmekte, son donem larvalar dagilarak soliter
oburca beslenmesi pupa oluncaya kadar devam etmektedir. Toprak ylizeyine inen son donem larvalari 6rdiikleri
koza icerisinde pupa olmaktadirlar. Pupalar toprak yiizeyine yakin (10-15 cm) derinlikte bulunmaktadirlar. Bu
sekilde N. septentrionalis yilda 1 nesil vermektedir. Zarar boyutu yoniinden larvalar yapraklarin kenarlarindan
baslayarak oburca beslenmekte ve nihayetinde bitkiyi yapraksiz birakabilmektedir. Ozellikle, geng agaglarin bu
bdcegin zararindan etkilenip yapraksiz kalmaktadir (Sekil §). Hus agacinin yapraklarmmin larvalar tarafindan
tilketilmesinden dolay1 fotosentez engellenerek bitki gelisiminin olumsuz etkilendigi gézlemlenmistir.

Yapilan 6nceki ¢aligmalarda zararlinin kis sartlarii kokon igerisinde larva doneminde gegirdigi ve erginlerinin
ilk olarak may1s haziran aylarinda goriillmeye basladiklari tespit edilmistir. Yumurtalarini ise konukgu bitkinin
yaprak damar i¢lerine birakmaktadirlar. Yumurtalar yaklagik 2 hafta i¢inde agilmaktadir. Geng larvalar yaprak
kenarlarinda pupa oluncaya kadar oburca ve toplu halde beslenmektedir. Pupalar toprak yiizeyine ¢ok yakin
yerlerde bulunmaktadir. Haziran sonu temmuz bagi aylarinda 2. dénem larvalar goriilmekte ve en yogun
popiilasyon yazin son aylarmda goriilmekle birlikte zararli yilda 2 d6l vermektedir (loachim ve Bobarnac, 1996;
Alford, 2012).

Bulasik agaglardan rastgele segilen bir daldaki zarar gérmiis ve saglam yapraklar sayildiginda; bir dalda (10—
28) 19 adet yapragin (5-23) 14 adetinin (%73.68) zarar gérdiigii saptanmigtir. Ayrica laboratuvarda bir larvanin
tikettigi yaprak sayisinin (1-6) 3.5 adet oldugu belirlenmistir. Calisma sonucunda N. septentrionalis’in hus
agacinda onemli derecede zarar yaptig1 ve yogunlugun oldukca fazla oldugu goriilmiistiir. Zararh ilk ¢iktig
donemde hus agaclarini tercih ettigi ve yapraklara beslenmek i¢in yoneldigi de tespit edilmistir.

N. septentrionalis kisi topragin 10-15 cm derinliginde, prepupa déneminde 6rdigii ince bir koza iginde
gecirmektedir. N. septentrionalis’in 2019 yilinda Erzurum’da ergin ¢ikisi, 27 Haziran-5 Temmuz tarihinde
goriilmiistiir. Ergin disiler, yumurtay1 ¢ikisi takip eden birka¢ giin icerisinde hus agact yaprak ana damarlari ve
yan damarlari igerisine ovipozitorii ile agtig1 yara igerisine yerlestirmektedir. Bir yaprak lizerinde 30-45 adet
yumurta biraktig1 tespit edilmistir. Ortalama her bir ana damar tizerine 6-9, yan damar iizerine 7-12 adet yumurta
bulunmaktadir. Yumurtalar 10-20 Temmuz tarihlerinde agilmistir. Zararlinin ilk dénem larvalari bulunduklart
yaprak iizerinde topluca beslendikten sonra diger yapraklara gecerek beslenmelerine devam etmektedirler. Bu
oburca beslenmesinin sonucu olarak yapragin sadece ana damarlari ve yan damarlarini birakmaktadir (Sekil 9).
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Figure 8. Damage of birch Nematus septentrionalis larvae
Sekil 8. Husta Nematus septentrionalis larvasinin zarari

Biyolojik donemini tamamlayan larva 30 Agustos-20 Eyliil 2019 tarihinde topraga gegerek pupa olmustur.
2020’de ise 20-28 Haziran tarihinde erginler ¢ikis gostermistir. Ergin disiler, yumurtay1 hus yapraklarinin ana
damarlar1 ve yan damarlar1 boyunca doku igerisine yerlestirmektedir. 2020 yilinda bir yaprak tizerinde 20-30 adet
yumurta sayilmigtir. Ortalama her bir ana damar {izerine 10-12, yan damar iizerine ise 8-13 adet yumurta tespit
edilmistir. Yumurtalar 5-13 Temmuz tarihlerinde acilmis, ¢ikan larvalar bulundugu yapragin once iist epidermisi
ile daha sonra diger kisimlari ile oburca beslenerek yapragin sadece ana damarlar1 ve yan damarlarini birakmistir.
Biyolojik donemini tamamlayan larva 25 Agustos-15 Eyliil 2020 tarihinde topraga gegerek pupa olmustur.
Larvalarin toprak altina ge¢me islemi yapraklarin dokiilmeye baslamasina kadar devam etmis, N.
septentrionalis’in iki y1l siiresince Erzurum sartlarinda yilda 1 nesil verdigi de tespit edilmistir. Zarar gormiis
agaclarda ¢iplak bir goriintliniin olugmast yani sira yapraklar elek gibi bir gériintii alarak zamanla kurumus ve
dokilmistir (Sekil 8). Bulasikligin yiiksek oldugu agaglarda tamamen kurumus, ¢alisma bolgesindeki agaglarda
zararlinin olduk¢a yogun oldugu tespit edilmistir (Tablo 1; 2).

Zararl tiriin larvasi ile bulagik agaglardan rastgele segilen bir daldaki zarar gérmils ve saglam yapraklar
sayildiginda; bir dalda (10-28) 19 adet yapragin (5-23) 14 adetinin (%73.68) zarar gérdiigii saptanmustir. Ayrica
laboratuvarda bir larvanin tiikettigi yaprak sayisinin (1-6) 3.5 adet oldugu belirlenmistir. Caligma sonucunda N.
septentrionalis ’in hus agacinda 6nemli derecede zarar yaptig1 ve yogunlugunun fazla oldugu goriilmiistiir. Zararl
ilk ¢ikt1g1 donemde hus agaglarini tercih ettigi ve yapraklara beslenmek igin yoneldigi de tespitlerimiz arasindadir.

Figure 9. Damage caused by N. (=Croesus) septentrionalis larvae on the tree where it is dense

Sekil 9. N. (=Croesus) septentrionalis larvasinin yogun oldugu agacta meydana getirdigi zarar
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2020

Figiire 10. Life cycle of N. septentrionalis

Sekil 10. N. septentrionalis’in yasam dongiisii

Tablo 1. N. septentrionalis’in yasam dongiisii

Table 1. Life cycle of N. septentrionalis

2019 Yih 27 Haziran- 5 10-20 Temmuz 10 Temmuz - 30 30 Agustos -20
Temmuz Agustos Eyliil
Ergin Cikisi + - - -
Yumurta Dénemi - + - -
Larva Donemi - - + -
Pupa Donemi - - - +

Tablo 2. N. septentrionalis’in yasam dongiisii

Table 2. Life cycle of N. Septentrionalis

2020 Yih 20-28 Haziran 5-13 Temmuz 5 Temmuz - 25 25 Agustos -15
Agustos Eyliil
Ergin Cikisi + - - -
Yumurta Dénemi - + - -
Larva Donemi - - + -
Pupa Dénemi - - - +

3.4. Dogal diigman tespiti

2019 yilinin Nisan ve Mayis aylarinda toprak altindan elde edilen pupalardan 23 Mayis 2019 tarihinde ¢ikis
yapan Netelia fuscicornis Holmgren, 1860 (Hymenoptera; Ichneumonidae) pupa parazitoiti olarak elde edilmistir
(Sekil 11). Daha once yapilan g¢alismalarda bu parazitoitin, Acronicta megacephala Schiffermiller, 1776
(Lepidoptera); Acronicta psi Linnaeus, 1758 (Lepidoptera); Agrotis exclamationsi Linnaeus, 1758 (Lepidoptera);
Agrotis segetum Denis & Schiffermiiller, 1775 (Lepidoptera); Anarta myrtilli Linnaeus, 1761 (Lepidoptera);
Cerura vinula Linnaeus, 1758 (Lepidoptera); Cucullia asteris Denis & Schiffermiiller, 1775 (Lepidoptera);
Leucania obsoleta Hiibner, 1803 (Lepidoptera); Lithostege farinata Hufnagel, 1767 (Lepidoptera) tiirlerinden elde

842



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(4)

edildigi tespit edilmistir (Yu ve ark., 2016). N. septentrionalis’in bu parazitoit i¢in yeni konuk¢u durumunda
oldugu bu ¢aligma ile tespit edilmistir.

Figure 11. Netelia fuscicornis (Holmogren, 1860) parasitoid from N. septentrionalis pupae
Sekil 11. N. septentrionalis pupalarindan elde edilen Netelia fuscicornis (Holmogren, 1860) parazitoiti
3.5. Nematus (=Croesus) septentrionalis Linnaeus’un yayilist

Asya’nin bazi bolgelerinde ve Avrupa’da karsilasilan N. septentrionalis (Alford, 2012), Romanya ve
Polonya’da findik alanlarinda goriilmekte ve Ingiltere’de yaban findiklari iizerinde zarar1 tespit edilmistir (loachim
ve Bobarnac, 1996; Hill, 2012; Sadej ve ark., 2012). Zararh tiir yaygin ve ciddi bir problem olarak peyzaj
agaclarinda ve g¢ali formundaki bitkilerde, 6zellikle akg¢aagag, hus agaci, sogiit, kavak, iivez ve findikta zarar
olusturmaktadir (Alford, 2012). Ulkemiz faunasi igin ilk kaydi Benson (1968) tarafindan yapilmis olup daha sonra
farkli peyzaj bitkilerinde zarar olusturdugu tespit edilmistir (Canakgioglu ve Mol, 1998; Calmasur ve Ozbek,
2004). Bu tiir 2015-2016 yillar1 arasinda yapilan ¢aligmalar sonucuna gére Marmara bolgesi findik bahgelerinde
yeni bir zararl tiir olarak ortaya ¢ikmistir (Tuncer ve ark., 2020).

4. Sonug

Siis bitkilerinde ve orman agaglarinda zararl olan tiirler ile miicadelede en fazla kullanilan metot kimyasal
miicadeledir. Ancak, kimyasal maddelerin insan, hayvan ve cevre sagligi agisindan dezavantajlarmm olmasi,
aragtirmacilar1 zararli ile miicadelede kimyasal yontemlere alternatif olan ¢evre dostu metotlar1 kullanmaya
yoneltmistir (Kuca ve Yagdi, 2020; Kotan ve Tozlu, 2021). Yapilan arastirmalara gore zararl bocek popiilasyonlarini
EZE (ekonomik zarar esigi) altinda tutabilmek igin 6zellikle biyolojik miicadele ¢alismalarina biiyiik 6nem verildigi
goriilmektedir. Biyolojik miicadele ¢alismalarinda istenilen sonuclar elde edilebilmesi i¢in hedef alinan tiiriin biyo-
ekolojik ozellikleri ile birlikte dogal diigmanlarinin da tespit edilmesi énemlidir Yapilan 2 yillik survey c¢alismasi
sonucunda N. septentrionalis’in biyolojisi ve zarari takip edilmis ve gok 6nemli bir biyolojik veri elde edilmistir. Ayn1
zamanda zararlinin dogal diismani da larva-pupa parazitoiti olarak tespit edilmistir. Bu biyolojik ¢alisma, bdlgedeki
diger zararhlarm biyolojilerinin de ortaya konmasi gerekliligine destek saglayacak, daha fazla parazitoit tiiriin
belirlenerek biyolojik miicadelede kullanilma olanaklarinin arastirilmasi fikrine 151k tutacaktir.

Tesekkiir
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Ozmotik Dehidrasyon ve Mikrodalga Kurutma ile Birlikte Limon Halkalarinin
Kurutma Kosullarinin Optimizasyonu™

Optimizing Drying Conditions of Lemon Rings Combined with Microwave Drying and
Osmotic Dehydration*

Zehra YILDIZY, Siilleyman REYHAN?

Oz

Kurutma siiresini kisaltmak, iiriin kalite dzelliklerini iyilestirmek i¢in ozmotik dehidrasyon 6n iglemi ile birlikte
bir¢ok kurutma teknigi beraber kullanilmig olup, ozmotik kurutma ile mikrodalga kurutmanin birlikte kullanilmast
da bu yontemlerden biridir. Ozmotik dehidrasyon ve mikrodalga kurutma igleminin birlikte kullanilarak kurutma
yapilmasi mikrodalga kurutmanin olumsuz etkilerinin azaltilmasina yardimci olur. Bu ¢aligmada, limon halkalarin
ozmotik dehidrasyon 6n kurutma islemi uygulanmasindan sonra mikrodalga firinda kurutma kosullarinin optimum
seviyeleri Yanit Yiizey Yontemi ile belirlenmistir. Yanit Yiizey Yontemin de kurutma parametreleri olarak
ozmotik dehidrasyon siiresi, ¢ozelti derisimi, mikrodalga kurutma siiresi ve mikrodalga giicii segilmistir. Optimize
edilecek yanitlar ise nem kaybi, capsal biiziilme oram ve b renk degeri degisimi olarak belirlenmistir. Dort faktor
ti¢ seviye icin Box-Behnken tasarimina gore belirlenen 29 deney yapilmis ve yanitlar alinmistir. Dort faktorlii tig
seviyeli Box-Benchken deneysel tasarim yontemi, A ozmotik dehidrasyon siiresi (60-180 dk), B ¢6zelti derisimi
(% 10-20 (w:v)), C mikrodalga kurutucuda kurutma siiresi (2-6 dk) ve D mikrodalga gii¢ seviyesi (100-300 W)
araliginda uygulanmustir. Elde edilen veriler ANOVA ile analiz edilmis ve en yiiksek R? degerlerini veren nem
kaybi igin 0,9853, capsal biiziilme orani i¢in 0,9861 ve b renk degeri degisimi i¢in 0,9770 ile kuadratik modellerin
uygun oldugu belirlenmistir. Nem kaybu1 iizerine C, D, CD, A2, C? ve D? degiskenleri, ¢capsal biiziilme orani iizerine
A, C, D, D? degiskenleri ve b renk degeri degisimi iizerine ise A, C, D, A? degiskenlerinin etkisinin 6nemli oldugu
goriilmiistiir. Kurutma parametrelerinin optimum degisken seviyelerinden olan ozmotik dehidrasyon siiresi 120
dk, ¢ozelti derisimi %15, mikrodalga kurutma siiresi 4 dk ve mikrodalga gii¢ seviyesi 200 W olarak bulunmustur.

Anahtar Kelimeler: Limon, Kurutma, Ozmotik dehidrasyon, Mikrodalga kurutma, Y'YM, Box-Behnken
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Yildiz & Reyhan
Ozmotik Dehidrasyon ve Mikrodalga Kurutma ile Birlikte Limon Halkalarinin Kurutma Kogullarinin Optimizasyonu

Abstract

In order to shorten the drying time and improve product quality characteristics, with together osmotic dehydration
pretreatment and many drying techniques have been used, and the combination of microwave drying and osmotic
drying is one of these methods. Drying by using microwave drying and osmotic dehydration process together helps
to reduce the negative effects of microwave drying. In this study, microwave oven optimum drying conditions
were determined by Response Surface Method after osmotic dehydration pre-drying apply of lemon rings. In the
Response Surface Method, drying parameters were chosen as osmotic dehydration time, solution concentration,
microwave drying time and microwave power. The responses to be optimized were determined as moisture loss,
diametrical shrinkage rate and b color value change. For four factor and three levels, 29 experiments determined
according to Box-Behnken design were conducted and the answers were received. Box-Benchken experimental
design method with four factors and three levels, A osmotic dehydration drying time (60-180 min), B solution
concentration (10-20% (w:v)) was applied in the range of drying time (2-6 min) in C microwave dryer and drying
power (100-300 W) in D microwave dryer. The obtained data were analyzed by ANOVA and it was determined
that the quadratic models were suitable with 0.9853 for moisture loss, 0.9861 for diametrical shrinkage ratio and
0.9770 for b color value change, which gave the highest R? values. It was observed that the effects of C, D, CD,
A2 C? and D? variables on the moisture loss, A, C, D, D? variables on diametrical shrinkage rate and A, C, D, A2
variables on b color value change. Drying parameters were found to be optimum variable levels, osmotic
dehydration time was 120 min, solution concentration was 15%, microwave drying time was 4 min and microwave
drying power was 200 W.

Keywords: Lemon, Drying, Osmotic dehydration, Microwave drying, RSM, Box-Behnken
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1. Giris

Gida firtinlerinin kurutulmasi ile uzun siire bozulmadan korunabilen iiriinler elde edilirken nem kaybr ile
hacimde meydana gelen azalma sebebiyle tasima, depolama ve paketleme maliyetleri azalir (Ertekin ve Yaldiz,
1998; Giingdér ve Ozbalta, 1997; EIiE, 1999). Hem tiiketimden sonra arta kalan yas meyve ve sebzenin
degerlendirilmesinde, hem de katma degeri yiiksek kuru iiriin elde edilmesinde bir¢ok kurutucu kullanilmaktadir.
Kurutucular, 1s1 transferine gore kondiiktif, konvektif ve radyant tipi olarak siniflandirilmaktadir. Kondiiktif tip
kurutucularda 1s1 dogrudan tiriine ulasir. Kurutulacak iiriin plaka veya metal bir duvarla kurutulmaktadir. Silindirik
kurutucular, drum kurutucular, buhar-borulu doéner kurutucular, vakumlu doner kurutucular titresimli tepsili
kurutucular ve vakumlu tepsili kurutucular kondiiktif kurutuculardir. Konvetif kurutucularda sicak hava veya sicak
gazlar kurutulacak {irlinlin ylizeyine temas etmesiyle iirinden nem uzaklastirilir. Kurutma odalari, pnomatik
kurutucu, spray kurutucu, déner kurutucu, akiskan yatakli kurutucu ve tiinel tipi kurutucular bu tip kurutuculardir.
Radyant kurutucular, dielektrik, kizilotesi, ultraviyole veya mikrodalga kurutucular olarak bilinmektedir. Bu
kurutucularda 1s1, radyo, kizil 6tesi, mor Gtesi ve mikrodalga frekanslarinda alternatif akimli elektrik alanina
konmus iiriin i¢inde iiretilir. Alanda su molekiillerinin titresmesiyle su buharlagarak kurutma gergeklesir (Giingor
ve Ozbalta, 1997; EiE, 1999). Radyant kurutuculardan olan mikrodalga kurutucu da diisiik sicakliklarda kurutma
islemi gerceklestigi i¢in iiriin dokusu zarar gérmez ve kaliteli kuru iiriin elde edilir. Mikrodalga kurutmada firm
bosluguna gonderilen mikrodalga 1simnim iiriin tarafindan absorbe edilip, iirlin igerisindeki su molekiillerini
titrestirir ve iiriin icerisinde 1s1 meydana gelir. Mikrodalga kurutmada diger kurutma ydntemlerinin aksine 1s1 i¢ten
disa dogru iletilir. Mikrodalga kurutma ydnteminde {iriinlin i¢ kisimlarina yiiksek 1s1 iletimi ile enerji kazanimi
saglanirken, bu yontemin temiz {riin eldesi, islem kontrolii kolayligi, kurutmanm hizli gerceklesmesi gibi
avantajlar1 da vardir. Gida i¢indeki su molekiilleri, diger yontemlerle yapilan 1sitma islemlerinden daha kisa siirede,
daha homojen 1s1 dagilimi ile uzaklastirilir. Mikrodalga kurutucular konvansiyonel kurutuculardan daha az yer
kaplar ve bu kurutucularin is¢iligi azdir. Buna karsin mikrodalga kurutma yonteminin iiriinler tizerinde diizensiz
1s1 dagilimi, tekstiirel zararlar, yiikksek yatirim maliyeti ve mikrodalga 1simlariin tiriinler {izerinde etkisinin sinirl
olmasi gibi olumsuz etkileri de vardir (Schiffmann, 1986; Datta ve Davidson, 2000; Maskan, 2000; Alibas, 2012;
Polatci ve Tasova, 2017;). En disiik ekonomik girdiyle kaliteli tiriin elde etmek ve diisiik enerji tikketimi ile
kurutma siireglerinin iyilestirilmesi i¢in kurutma yontemleri birlikte kullanilmaktadir (Karacabey ve ark., 2020).
Mikrodalga kurutmanimn olumsuz ydnlerini ortadan kaldirmak i¢in mikrodalga kurutma ile ozmotik dehidrasyon
beraber kullanilabilir. Son yillarda, ozmoz yoluyla saglanan kismi dehidrasyon, islem siiresini kisaltmasini saglar
boylece enerji tikketimini sinirlamanin ve duyusal 6zellikleri iyilestirmenin bir yolu olarak mikrodalga kurutmadan
once yaygin olarak kullanilmaktadir. Ozmotik 6n kurutma isleminin kurutma prosesini geligtirmede kismen etkili
oldugu belirlenmistir (Al-Harahsheh ve ark., 2009). Ozmotik dehidrasyon proses degiskenlerine bagli olarak
gergeklesen renk ve doku degisikliklerini engeller (Moreno ve ark., 2000). Ozmotik dehidrasyon, genellikle
kurutmadan 6nce kullanilan kimyasal bir 6n iglemdir. Kismi bir dehidrasyon islemi olarak ozmoz, es zamanli bir
¢0ziicii ve ¢ozilinen diflizyon iglemi olarak kabul edilebilir. Bu islemde es zamanli olarak kati madde kazanimi ve
bir nem kayb1 meydana gelir. Kurutma 6ncesi uygulanan ozmotik dehidrasyon isleminde nem kaybina bagli olarak
kurutucu yiikii azalir, kurutucu potansiyeli artar ve kurutma siiresi kisalir (Prosapio ve Norton, 2017).

Yas meyve ve sebze ihracatimizin yarisini yaklasik narenciye trilinleri olusturmaktadir. 2021 yilinda
gergeklesen turunggil iiretiminin %34’0 mandalina, %32’si portakal, %29’u limon ve %5’i greyfurttur. Son
yillarda turunggiller iiretiminde mandalina ve limon tiirlerine agirlik verilmistir. Turunggil {iretimdeki en fazla artis
%S54 ile limonda olmugtur. Tiirkiye 1,4 milyon ton limon iiretimi ile dordiincii sira yer almaktadir. Tiirkiye limon
iretiminin %93’ Akdeniz Bolgesinde ve %7’°si Ege Bolgesinde gerceklestirilmistir. Mersin ili, limon tiretiminin
%551 karsilayarak limon tiretiminde Tirkiye de ilk sirada yer almakta olup, 6zellikle narenciye iiretiminde iilke
ekonomisine 6nemli katkisi olan illerden biridir (Anonim, 2020; Aygéren, 2022). Ulkemizde Mersin ilinin
batisindaki Erdemli-Silifke yoresinde yetistirilen Lamas ¢esidi limonu orta boyuttaki meyvesi, silindirik, belirgin
memeli, boyun halkali, kabugu sar1 renkli, koku-tat bakimindan zengin, sulu bir limondur (Alkag, 2019). Bu
sebeple Lamas tiirii limon dilimlerinin kurutulmasi boélgenin tarim ekonomisine ve kirsal gelisime katkida
bulunacaktir. Limon, asidik olup, ince dokuya sahip, agik sar1 renkli ve limonen isimli ana aroma verici bilesigi
igeren bir meyvedir. Tiiketicinin ilk algiladig1 ve etkilendigi 6zellik renk oldugu i¢in kurutma da incelenen en
onemli parametrelerdendir (Chen ve ark., 2005). Bu ¢alismada limon halkalar1 ozmotik dehidrasyon destekli
mikrodalga kurutma yontemi ile kurutulmustur. Limon halka kalinligi, ¢6zelti derisimi, ozmotik dehidrasyon
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stiresi, mikrodalga gii¢ seviyesi ve mikrodalga kuruma siiresi gibi degiskenlerin nem kaybi, capsal biiziilme orani
ve b renk degisimi lizerine etkileri belirlenmistir. Kurutma deneyleri, Yanit Yiizey Yontemi (YYM) ile
tasarlanmigtir. Bu ¢alismada Box- Behnken deneysel tasarim yontemi ile 29 adet gibi az sayida deneyle optimum
sonuca ulasilmistir. Deney sonuglartyla uyumlu matematiksel modeller elde edilmis ve bu modelin ANOVA
istatistiksel analizi yapilmistir.

2. Materyal ve Metot

Ozmotik dehidrasyon destekli mikrodalga kurutma islemi igin ozmotik dehidrasyon isleminden sonra limon
halkalar1 ¢6zeltiden siiziilerek ¢ikarilmis ve daha sonra mikrodalga firina dizilerek kurutulmustur. Mikrodalga
kurutma islemi, Samsung marka Ms23J5133 At/tr model solo mikrodalga firinda kesikli olarak gergeklestirilmistir.
Firin; 489*275*%338 mm boyutunda olup 23 L kapasiteye ve 288 mm doner tablaya sahiptir. 6 farkli gii¢ seviyesi
bulunmakta ve maksimum ¢ikis giicii 800 W’dir. Denemeler i¢in Mersin'in Erdemli ilgesinde yetisen Lamas cinsi
limon kullanilmigtir. Ozmotik dehidrasyon islemi i¢in sodyum kloriir ¢ozeltisi kullanilmig olup, islem oda
sicakliginda yapilmis, halka kalinligi 10 mm ve kati/¢czelti orant (6rnek miktarinin ozmotik ¢ozeltiye olan orani)
1/10 olarak sabit alinmistir. Deneylerde kurutma islemi 6ncesi ve sonrasi dlglimler, ii¢ 6rnek i¢in yapilmig ve
ortalamasi alinmustir.

Mikrodalga kurutucudaki kurutma islemin deneysel tasarimi i¢in Design Expert 13.0.trial kullanilmistir. Deney
tasariminda, dort degisken ii¢ seviye icin Yyanit ylizey yonteminin Box-Behnken tasarimina gore deneyler
gerceklestirilmistir. 17 deney gerekli model noktasi, 2 deney ek model noktasi, 5 deney eksiklik noktasi ve 5 deney
tekrar olmak tizere toplam 29 deneme iceren bir tasarim olusturulmustur (Nurkhoeriyati ve ark., 2021). Tablo 1’de
bagimsiz degiskenlerden olan A ozmotik dehidrasyon siiresini (60-180 dk), B ¢ozelti derisimi (10-20 % w:v), C
mikrodalga kurutucuda kurutma siiresi (2-6 dk) ve D mikrodalga kurutucuda kurutma giicii (100-300 W) ifade
etmektedir. Giris degiskenlerinin seviyelerinin kod degerleri -1, 0, 1 olarak Tablo 1' de verilmistir.

Tablo 1. Degiskenlerin gercek ve kod degerleri

Table 1. Codes and actual levels of the input variables

Kod Seviyeleri

Bagimsiz Degiskenler Semboller 1 0 1
Ozmotik Dehidrasyon Kurutma Siiresi (dk) A 60 120 180
Cozelti Derigimi (%ow:V) B 10 15 20
Mikrodalga Kurutucudaki Kurutma Siiresi (dk) C 2 4 6
Mikrodalga Kurutucunun Kurutma Giicii (W) D 100 200 300

Yanit olarak (¢ikis degiskenleri) uzaklagtirilan nem kayb1 (Y nk), ¢capsal biiziilme orani (Ygo) ve b renk degisimi
(Yg) secilmistir. Nem kayb1 Esitlik 1'deki gibi kurutmadan 6nce ve sonra analitik terazi ile agirh@: 6lgiilerek
hesaplanmistir (Daric1, 2012; Aboud, 2013; Pandya ve Yadav, 2014). Bu esitlikte yer alan Mg kurutma islemine
tabi tutulan taze limon halkalarinin ortalama agirligi (g) ve M; kurutma sonrasi limon halkalarinin ortalama
agirhigmi (g) ifade etmektedir.

Mo—M¢

Nem Kayb1 =
Mo

(Es.1)

Capsal biiziilme oram1 kurutmadan Onceki ve sonraki cap Olglimlerinden yararlanilarak Esitlik 2 ile
hesaplanmugtir. Esitlik 2°de yer alan Do kurutma 6ncesi taze limon halkalarinin ortalama ¢api (mm) ve D ise
kurutma sonrasi limon halkalariin ortalama ¢apini (mm) ifade etmektedir (Daric1, 2012; Aboud, 2013; Pandya ve
Yadav, 2014).

Capsal biiziilme oran1 = DOD_ODt (Es.2)

Limon dilim kalinlig1 dijital kumpasla 6l¢iilmiis olup, deneylerde dilim kalinlig1 10 mm olarak sabit alinmustir.
Limon halkalar1 beyaz-sar1 renklerindedir. Bu yiizden b degerlerinin renk analizinde 6nemi daha fazladir. Ciinkii
sar1 rengi b pozitif renk degeri ifade etmektedir (Sahin ve ark., 2012). Kurutma 6ncesi ve sonrasi limon halkalarinin
b degerleri ColorMeter marka Pro model renk analiz 6l¢iim cihazi ile belirlenmistir. b renk degisimi Esitlik 3
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yardimiyla hesaplanmustir. bg taze limon halkalarina ait ortalama degerlerdir ve b kurutma periyodu sonrasi 6lgiilen
ortalama renk parametresini gostermektedir.

Ab _ bo-b (Es. 3)

bo by
3. Arastirma Sonuclar1 ve Tartisma

YYM, kurutma alaninda yaygin olarak kullanilan deneysel tasarim yontemlerinden biri olup, deneme
setlerinden tiiretilen basit ampirik modelleri kullanarak optimuma ulasir (Kog¢ ve Ertekin, 2010). YYM'de bir
faktoriin etkisinin veya diger faktorlerle etkilesiminin yanit degiskeni {izerine etkisini model regresyon analizi
belirler. YYM'de en ¢ok kullanilan deneysel tasarimlar, Merkezi Bilegsik Tasarimi (CCD) ve Box-Behnken
tasarimidir. Box-Behnken tasariminda, merkezi bilesik tasarimlara kiyasla daha az sayida deney yapildigi igin
daha ekonomik bir tasarim yéntemidir (Ozcan ve Samanli, 2017; Serin ve ark., 2019). Box Behnken tasarimlar1 3
faktoriyel tasarmlarina bir alternatiftir. Tasarim 2K faktdriyel ve tamamlanmamis blok tasarimlarinmn
kombinasyonundan olusmustur. Box- Behnken tasarimlari kiiresel bir tasarim olmasindan dolayi her faktor
minimum, orta ve maksimum seviyelerinden olusmak iizere sadece 3 diizeyde incelenir (Ozden, 2020). Box
Behnken tasariminin en 6nemli avantajlari, deneyin sayisinin daha az olmasi ile zaman ve paradan tasarruf
saglamasi ve faktor limitlerinin kolayca ayarlanabilmesidir (Deveci ve ark., 2019).

Tablo 2. Box-Behnken deney kosullart ve alinan yanitlar

Table 2. Box-Behnken experimental conditions and responses

Deney
No A B C D YNk Yso Ys
1 60 10 4 200 0.1232 0.0589 0.0485
2 180 10 4 200 0.1566 0.0771 0.0729
3 60 20 4 200 0.1387 0.0634 0.0591
4 180 20 4 200 0.1532 0.0702 0.0649
5 120 15 2 100 0.0959 0.0412 0.0278
6 120 15 6 100 0.1549 0.0743 0.0695
7 120 15 2 300 0.2455 0.0984 0.0837
8 120 15 6 300 0.4466 0.1612 0.1362
9 60 15 4 100 0.0804 0.0399 0.0245
10 180 15 4 100 0.1412 0.0678 0.0616
11 60 15 4 300 0.2603 0.1098 0.0937
12 180 15 4 300 0.3292 0.1269 0.1178
13 120 10 2 200 0.1163 0.0478 0.0365
14 120 20 2 200 0.1359 0.0617 0.0552
15 120 10 6 200 0.2548 0.1035 0.0862
16 120 20 6 200 0.2755 0.1122 0.0989
17 60 15 2 200 0.1219 0.0498 0.0403
18 180 15 2 200 0.1229 0.0514 0.0437
19 60 15 6 200 0.2159 0.0962 0.0814
20 180 15 6 200 0.2584 0.1065 0.0894
21 120 10 4 100 0.1085 0.0445 0.0324
22 120 20 4 100 0.1282 0.0598 0.0512
23 120 10 4 300 0.2892 0.1147 0.1028
24 120 20 4 300 0.3251 0.1218 0.1139
25 120 15 4 200 0.1869 0.081 0.0785
26 120 15 4 200 0.1841 0.0808 0.0781
27 120 15 4 200 0.1863 0.0799 0.0794
28 120 15 4 200 0.1848 0.0804 0.0791
29 120 15 4 200 0.1854 0.0801 0.0786
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Tablo 2’ de dort faktor ii¢ seviye i¢in Box-Behnken tasarimina gore belirlenen 29 deneye ait ¢alisma kosullari
ve deneyler sonucunda alinan yanitlar verilmistir. YYM dizaynina gore yapilan deneylerin sonuglarina gore Y nk
0.0804-0.4466 arasinda, Ygo 0.0399-0.1612 arasinda ve Yg 0.0245-0.1362 arasinda degismektedir. 9. deney
kosullari; nem kaybi, b renk degisimi ve biiziilme orani i¢in en diisiik degerleri veren deney kosullarini saglamastir.
Bu deneyde ozmotik dehidrasyon siiresi 60 dk, ¢6zelti derisimi %15, mikrodalga kurutma siiresi 4 dk ve
mikrodalga giici 100 W olarak saptanmustir. En diisiik nem kaybi, ¢apsal biiziilme oran1 ve b renk degisimi
sirastyla 0.0804, 0.0399 ve 0.0245. Nem kayb1, ¢apsal biiziilme orani ve b renk degisimi en yiiksek gozlendigi
deney ise 8. deneydir. Bu deney kosullarinda, ozmotik dehidrasyon siiresi 120 dk, ¢ozelti derisimi % 15,
mikrodalga kurutma siiresi 6 dk ve mikrodalga giici 300W tir. En yiiksek yanitlarin elde edildigi 8. deneydeki
kosullarda; nem kaybi, ¢apsal biiziilme oranit ve b renk degisimi sirasiyla 0.4466, 0.1612 ve 0.1362 olarak
belirlenmistir.

Lineer, 2FI, kuadratik ve kiibik modeller icerisinden en yiiksek uyumu (R?) veren model kuadratik denklem
olarak secilmistir (R? degerleri nem kaybi igin 0.9853, ¢apsal biiziilme orani icin 0,9861 ve b renk degisimi i¢in
ise 0.9770). Tablo 3’te kurutma iglemi i¢in 6nerilen kuadratik modellerin varyans analizi (ANOVA) tablosu yer
almaktadir. ANOVA tablosunda da goriildiigii izere modelin serbestlik derecesi (df), F degeri ve diisiik olasilik
degeri (P<0.0001) yantlar i¢in modellerin anlaml oldugunu ifade etmektedir (Bilen ve ark., 2018).

Tablo 3. YYM icin regresyon parametrelerinin ANOVA degeri

Table 3. ANOVA value of regression parameters for RSM

Yanit Regrasyon df R? F Pr>F

Nem Kaybi Lineer 4 0.8577 36.17 <0.0001
2FI 6 0.8860 0.7433 0.6221
Kuadratik 4 0.9853 23.69 <0.0001
Kiibik 8 0.9979 4,54 0.0409
Artik 6
Toplam 29

Capsal Biiziilme Orani Lineer 4 0.9065 58.16 <0.0001
2FI 6 0.9198 0.4987 0.8011
Kuadratik 4 0.9861 16.62 <0.0001
Kiibik 8 0.9978 4.10 0.0512
Artik 6
Toplam 29

b Renk Degisimi Lineer 4 0.9108 61.24 <0.0001
Capraz carpim 6 0.9195 0.3237 0.9159
Kuadratik 4 0.9770 8.75 0.0009
Kiibik 8 0.9989 14.28 0.0022
Artik 6
Toplam 29

Yanit ylizey yonteminde yer alan giris degiskenleri ve yanitlar arasinda uygun bir matematiksel baginti
kurulmus ve bu model kullanilarak optimizasyon yapilmistir. Esitlik 4' te verilen denklemde, i ve j dogrusal ve
ikinci dereceden katsayilar; b regresyon katsayisi, k optimize edilen faktorleri ve e hatay1 tanimlamaktadir.
Kurutma kosullar1 ve yanitlar arasindaki iliskiyi tanimlayan kod degerlerine gére matematiksel modeller Y nk i¢in
esitlik 5, Ygo i¢in esitlik 6 ve Yg icin esitlik 7 ile verilmistir.

y =bo + Xl y bX; + Xy by XF + Z{qu‘ Yibi XX +e (Es. 4)

Tablo 2°de verilen kosullarda yapilan deneyler sonucunda alman yanitlara gére kurutma kosullar1 ve yanitlar

arasindaki iligkiyi tanimlayan kod degerlerine gore matematiksel modeller asagidaki esitliklerle verilmistir.

Yyk = 0.1855 + 0.0184A + 0.0090B + 0.0640C + 0.0989D — 0.0047AB + 0.0104AC + 0.0020AD +
0.0003BC + 0.0040BD + 0.0355CD — 0.0249A4% — 0.0120B% + 0.0179C? + 0.0379D? (Es. 5)
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Yz0 = 0.0804 + 0.0068A + 0.0035B + 0.0253C + 0.0338D — 0.028AB + 0.0022AC — 0.0027AD —
0.0013BC — 0.0020BD + 0.0074CD — 0.00714% — 0.0049B2 + 0.0037C? + 0.0107D? (Es. 6)

Y = 0.0787 + 0.0086A + 0.0053B + 0.0229C + 0.0318D — 0.0046AB + 0.0011AC — 0.0033AD —
0.0015BC — 0.0019BD + 0.0027CD — 0.01014% — 0.0071B% — 0.0038C? + 0.0045D? (Es. 7)

Bu modellerde goriildiigii iizere, mikrodalga kurutma siiresi ve mikrodalga giiciin, nem kayb1 iizerine etkisinin
daha fazla ve olumlu yonde oldugu belirlenmistir. Kurutma devam ettikge numune i¢indeki nem igerigi azalir,
boylece mikrodalga giiciiniin emilimi azalir ve kurutma sonuna dogru nem kayb: diiser (Al-Harahsheh ve ark.,
2009). Capsal biizillme orant ve b renk degisimi mikrodalga kurutma siiresi, mikrodalga giicii ve ozmotik
dehidrasyon siiresinin artmasi ile birlikte artmastir.

Kurutulmus {irliniin goriiniir hacmi ve gdzenekliligi, mikrodalga giiclindeki artisla azalma egilimindedir
(Pereira ve ark., 2007). Azadbakht ve ark. (2018), portakal halkalarinin mikrodalgada kurutulmasi tizerine ozmotik
dehidrasyon 6n isleminin etkisini incelemek iizerine yaptiklari ¢aligmada ozmotik dehidrasyon ¢ozeltisi olarak
NaCl kullanmiglar ve ozmoz siiresinin artigina bagl olarak nem kaybinin ve kuru madde miktarinin artmasi ile
enerji verimliligi dnemli 6l¢iide arttigini belirlemislerdir. Bu sonug, numunenin daldirilmasi sirasinda sodyum ve
kloriir iyonlarinin sar1 dokuya niifuz etmesinden kaynaklanmaktadir. Ayrica NaCl kristalleri daldirilan {iriiniin
hiicresel kisimlarina niifuz ettikge hiicreler uyarilmis ve biiziilme azalmistir. Dokuda sodyum kloriir bulunmasi,
sudan daha iyi mikrodalga 1s1 karakteristigine sahip iyonik bir ¢dzelti olan iiriiniin dokusunda su artisina ve iiriinde
1s1 emiliminin artmasia neden olmustur. Ayrica ozmoz siiresinin artmasiyla birlikte {iriinde sicaklik emilimi de
artmig ve Uriinden daha hizli su uzaklasmistir. Sonug olarak, kurutma siiresinde azalma ve mikrodalga kurutucunun
enerji verimliliginde bir artis meydana gelmistir. Dehidrasyon hizi mikrodalga gii¢ seviyesi ile artar. Sonugta
kurutma esnasinda yiiksek mikrodalga giiciinde drnek icerisinde daha fazla 1s1 olustugundan kiitle transferi artar.
Mikrodalga firinda daha az siirede yiiksek basing ve derisim degisimi ile gidadan sinira sivi akisi artar (Ghanem ve
ark., 2012).

Ozmotik dehidrasyon proses degiskenlerine bagli olarak gerceklesen renk degisikliklerini engeller (Moreno ve
ark., 2000). Limon halkalar1 agik sar1 renginde olup, sariligi gosteren b degeri kurutmanin optimizasyonunda yanit
olarak se¢ilmistir. Daha yiiksek b degeri kurutulan iriiniin sar1 renk tonunun daha fazla oldugunu gosterir.
Mikrodalga giiclindeki artigla limon halkalarmin rengi kahverengilesme sebebiyle saridan kirmiziya dogru kayar
(Darvishi ve ark., 2014). Kurutma sirasinda kahverengilesme reaksiyonu nedeniyle sarilik sicaklik ile artarken
aydinlik azalir (Salehi ve Kashaninejad, 2018). b degerindeki diisiis, sar1 rengi veren flavonoidlerin ve karotenoid
pigmentlerin yikimina ve 1s1l islem sonrasi kabuklarda kalan farkli karotenoidlerin miktarlarina baglidir. Kurutma
sirasinda renk bozulmasmin baglica nedenleri, enzimatik olmayan esmerlesme, karotenoid kaybi, pigment
bozulmasi ve L-askorbik asit oksidasyonudur. Bitki hiicrelerindeki yar1 gegirgen zar, ¢evreden tam bir izolasyon
saglamayabilir ve ozmotik dehidrasyon iglemi sirasinda mineraller, vitaminler ve pigmentler ¢dzeltiye gegerek
kismi renk kaybina neden olabilir (Ghanem ve ark., 2012).

Yk, Yo Ve Yg yanitlari i¢in olusturulan modelin ANOVA sonucunda, P degeri almasi modelin 6nemini ortaya
koymaktadir. ANOVA, P degerinin 0.0001°’den kii¢iikk oldugu yerlerde modelin anlamli oldugunu ileri
siirmektedir. Katsayilarin her birinin 6nemini kontrol etmek i¢in bir ara¢ olarak kullanilan P degerleri, degiskenler
arasindaki etkilesim seklini gdstermektedir. Degiskenlerin her bir yanit iizerindeki etkisi ANOVA tablolar ile
verilmigtir. P degerleri, bagimsiz degiskenler arasinda ortak etkilesimli modelleri tanimlamak i¢in gerekli olan
katsayilarmm Onemini vurgulamaktadir. P degeri 0.0001’den kiigiik olmast modelin 6nemli oldugunu
gostermektedir. Tablo 4’te P<0.0001’deki yanitlar igin istatistiksel olarak ©nemli olan bazi degiskenler
bulunmaktadir. Her katsayinin ve etkilesimlerin 6nemi Tablo 4’te gosterilmistir. Nem kaybi lizerine C, D, CD, A2,
C? ve D? degiskenlerinin, biiziilme orani {izerine A, C, D, D? degiskenleri ve b degisimi iizerine ise A, C, D, A2
degiskenlerinin etkisinin dnemli oldugu goriilmiistiir.

YYM programi tarafindan belirlenen deney kosullarinda yapilan deneyler sonucunda elde edilen yanitlar
degerlendirilerek arzu edilebilirlik degeri 1 olan on deney seti belirlenmistir. Bu ¢oziimlerin arasindan maliyet
kistaslar1 gercevesinde secim yapilmistir. Calismanin endiistriyel uygulama sathasindaki en biiyiik maliyetin enerji
olacagi ongoriilerek en diisiik mikrodalga gii¢ seviyesi ve mikrodalga siiresi degerleri se¢ilmistir. Buna gore
optimum degisken seviyeleri olarak belirlenmis olan, ozmotik dehidrasyon kurutma siiresi 120 dk, ¢6zelti derisimi
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% 15, mikrodalga kurutma siiresi 4 dk ve mikrodalga kurutma giicii 200 W bulunmustur. Limon halkalarinin
ozmotik dehidrasyon isleminin oda sicakliginda yapildig1 kosullarda ozmotik dehidrasyon kurutma siiresi 120 dk
ve ¢ozelti derisimi %15 olarak bulunmustur. Limon halkalarinin ozmotik dehidrasyonu i¢in optimum kosullari
belirlemek amaciyla Deepika ve Sutar (2017) tarafindan yapilan ¢alismada, 30°C'de ozmotik dehidrasyon siiresi
180 dk ve ¢ozelti konsantrasyonu %20 olarak bulunmustur. Caligmada, diisiik konsantrasyonlarda, tuz kazanimi
ile birlikte daha yiiksek nem kayb1 elde etmek i¢in gereken siirenin 4 saatten fazla oldugu goézlenmistir. Ayrica,
diisiik konsantrasyonda kiitle transferini hizlandirmak i¢in, islem maliyetini artiran ¢alkalama isleminin gerekli
oldugu belirtilmistir.

Tablo 4. Yanit modelleri icin ANOVA
Table 4. ANOVA for responses

Kareler Kareler
Faktor Toplam df  Ortalamas F-degeri p>F
Ynk
Model 0.1971 14 0.0141 67.14 < 0.0001
A 0.0041 1 0.0041 19.43 0.0006
B 0.0010 1 0.0010 4.64 0.0492
C 0.0491 1 0.0491 234.26 < 0.0001
D 0.1174 1 0.1174 559.85 < 0.0001
AB 0.0001 1 0.0001 0.4260 0.5246
AC 0.0004 1 0.0004 2.05 0.1738
AD 0.0000 1 0.0000 0.0782 0.7838
BC 3.025E-07 1 3.025E-07 0.0014 0.9702
BD 0.0001 1 0.0001 0.3129 0.5847
CD 0.0050 1 0.0050 24.08 0.0002
A? 0.0040 1 0.0040 19.25 0.0006
B? 0.0009 1 0.0009 4.48 0.0528
C? 0.0021 1 0.0021 9.89 0.0072
D? 0.0093 1 0.0093 44.55 < 0.0001
Artik 0.0029 14 0.0002
Model
Uyumsuzlugu 0.0029 10 0.0003 231.63 < 0.0001
Hata 5.060E-06 4 1.265E-06
Toplam 0.2000 28
R? 0.9853
Yso
Model 0.0240 14 0.0017 70.70 < 0.0001
A 0.0006 1 0.0006 23.03 0.0003
B 0.0002 1 0.0002 6.23 0.0256
C 0.0077 1 0.0077 316.52 < 0.0001
D 0.0137 1 0.0137 564.09 < 0.0001
AB 0.0000 1 0.0000 1.34 0.2666
AC 0.0000 1 0.0000 0.7797 0.3921
AD 0.0000 1 0.0000 1.20 0.2915
BC 6.760E-06 1 6.760E-06 0.2786 0.6059
BD 0.0000 1 0.0000 0.6927 0.4192
CD 0.0002 1 0.0002 9.09 0.0093
A? 0.0003 1 0.0003 13.50 0.0025
B2 0.0002 1 0.0002 6.40 0.0240

852



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(4)
Tablo 4. (devamu)
Table 4. (continuance)

c? 0.0001 1 0.0001 3.62 0.0779
D? 0.0007 1 0.0007 30.56 < 0.0001
Artik 0.0003 14 0.0000

Model

Uyumsuzlugu 0.0003 10 0.0000 159.10 <0.0001
Hata 8.520E-07 4 2.130E-07

Toplam 0.0244 28

R? 0.9861

Ys

Model 0.0210 14 0.0015 42.44 < 0.0001
A 0.0009 1 0.0009 24.89 0.0002
B 0.0003 1 0.0003 9.62 0.0078
C 0.0063 1 0.0063 177.33 <0.0001
D 0.0121 1 0.0121 342.06 < 0.0001
AB 0.0001 1 0.0001 2.44 0.1403
AC 5.290E-06 1 5.290E-06 0.1495 0.7048
AD 0.0000 1 0.0000 1.19 0.2930
BC 9.000E-06 1 9.000E-06 0.2544 0.6219
BD 0.0000 1 0.0000 0.4189 0.5280
CD 0.0000 1 0.0000 0.8241 0.3793
A? 0.0007 1 0.0007 18.88 0.0007
B? 0.0003 1 0.0003 9.14 0.0091
C? 0.0001 1 0.0001 2.61 0.1284
D? 0.0001 1 0.0001 3.73 0.0738
Artik 0.0005 14 0.0000

Model

Uyumsuzlugu 0.0005 10 0.0000 187.95 <0.0001
Hata 1.052E-06 4 2.630E-07

Toplam 0.0215 28

R? 0.9770

Mikrodalga kurutma kosullari altinda nem oranina karsi ozmotik 6n islemin kuruma hizina etkisi, ayn
zamanda, bagli olmayan suya sahip dokuda sodyum kloriiriin varligi, suya kiyasla daha iyi mikrodalga 1sitma
Ozelliklerine sahip iyonik bir ¢ozelti olusturur. Bunun nedeni, mikrodalga enerjisinin hacimsel absorpsiyonu ile
orantili olan bu ¢6zeltinin daha yiiksek kayip faktoriidiir. Bu, ozmotik 6n-islem yapilmayanla karsilastirildiginda
yiiksek bir kuruma hizina yol agar. Bununla birlikte, kurutma isleminin sonuna dogru, daha yiiksek ozmotik ¢ozelti
konsantrasyonuyla islenen numuneler i¢in daha diigiik kuruma hiziyla bu durum tersine donmiistiir. Bunun nedeni,
ozmotik maddenin baglayici etkisidir ve bu durum kurutma isleminin sonuna dogru, suyun uzaklastirilmasinin
daha zor olmasima neden olmaktadir. Artan mikrodalga ¢ikis giicii ve ozmotik konsantrasyon ile kurutma igleminin
stiresi azalmigtir (Al-Harahsheh ve ark., 2009).

4. Sonuc¢

Limon halkalarnin ozmotik dehidrasyon ve mikrodalga ile birlikte kurutma isleminde secilen dort degisken ve
ii¢ seviye i¢in YYM nin Box-Behnken deneysel tasarim yontemin gore 29 deney yapilmistir. Bu deney sonuglarina
gore her bir yanit i¢in en yiiksek uyumu veren modelin R? degerleri nem kaybi igin 0.9853, ¢apsal biiziilme orani
icin 0.9861 ve b renk degisimi i¢in ise 0.9770 degerlerini veren kuadratik model oldugu gériilmistiir. Bu modellere
ait ANOVA tablosu incelendiginde mikrodalga giicii ve mikrodalga siiresinin nem kaybi, biiziilme orani ve b
degisimi igin 6nemli oldugu gorilmistiir. Ayrica ¢apsal biiziilme orani ve b degisimi igin ozmotik dehidrasyon
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stiresinin de etkili oldugu belirlenmistir. Arzu edilebilirligi maksimum yapan degiskenlerin optimum seviyelerinin
ozmotik dehidrasyon siiresi i¢in 120 dk, ¢ozelti derisimi i¢in % 15, mikrodalga kurutma siiresi igin 4 dk ve
mikrodalga kurutma giicii i¢in 200 W oldugu belirlenmistir.

Tesekkiir

Bu ¢alisma Tarsus Universitesi tarafindan Bilimsel Arastirma Projeleri Birimi tarafindan MF.21.007 No’lu
yiiksek lisans tez projesi olarak desteklenmistir.
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Evaluation of Wild Annual Sunflower Species for Some Morphological, Phenological,
and Agronomic Characters under Field Conditions*

Tek Yillik Yabani Aygigegi Tiirlerinin Tarla Kosullarinda Baz1 Morfolojik, Fenolojik ve
Agronomik Karakterleri A¢isindan Degerlendirilmesi*

Fadul ONEMLI", Giirkan ONEMLIi?
Abstract

New gene sources are needed for adaptation to climatic changes, resistance to the regeneration of diseases and
pests, and achieving high heterosis in sunflower breeding. Wild species are the most important gene sources for
sunflower breeding studies. For breeding studies, it is necessary to know the morphological, Phenological, and
agronomic characteristics of these genotypes in field conditions. The aim of this research was to determine these
components of annual wild sunflower (Helianthus) species under field conditions in the 2012 and 2013 growing
seasons for new gene sources. In this research, H. agrestis, H. annuus (4 different genotypes), H. anomalus, H.
argophyllus, H. bolanderi, H. debilis (ssp. debilis, ssp. cucumerifolius, ssp. silvestris, ssp. tardiflorus and ssp.
vestitus subspecies), H. deserticola, H. exilis, H. neglectus, H. niveus (ssp. niveus, ssp. canescens and ssp.
tephrodes subspecies) H. petiolaris (ssp. petiolaris (2 different genotypes) and ssp. fallax subspecies), H. porteri,
and H. praecox (ssp. praecox (2 different genotypes), ssp. hirtus, and ssp. runyani subspecies) were used as
material. In this study, determined characters on annual wild sunflower genotypes were plant height, primary
branches number, secondary branches number per primary branches, plant spreading diameter, the number of days
from planting to first flowering, the number of days from planting to 50 % flowering, the number of days from
planting to the end of flowering, the number of days of the flowering period, main stem diameter, head diameter,
1000 seeds weight, and seed yield. Year factor had a significant effect on these characters except plant height.
Genotype had a significant effect on all characters in both years except seed width in 2013. In both years, the
highest values for seed yield, 100 seed weight, head diameter, and main stem diameter were obtained in wild H.
annuus genotypes while H. argophyllus had the highest values for plant height and primary branches number, and
the highest days numbers from planting to first and 50% flowering. In the first and second growing seasons; values
of the genotypes changed between 61.33 and 325.67 cm for plant height, between 0.73 and 101.20 g for thousand
seed weight, between 97 and 223 days for the time from planting to 50% flowering, between 50 and 171 days for
the flowering period, between 5.0 and 800.70 units for the number of plant heads, between 1.57 and 233.20 g for
plant grain yields.

Keywords: Helianthus, Flowering period, Plant height, Seed yield, Seed weight
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Oz

Aygicegi 1slahinda; iklim degisikliklerine uyum, yenilenen hastalik ve zararlilara dayaniklilik ve yiiksek heterosisi
yakalamak i¢in yeni gen kaynaklarina gereksinim duyulmaktadir. Yabani tiirler ay¢icegi 1slahi ¢alismalari igin en
onemli gen kaynaklaridir. Islah c¢alismalari i¢in bu genotiplerin tarla kosullarindaki morfolojik, Fenolojik ve
agronomik ozelliklerinin bilinmesi gereklidir. Bu arasgtirmanin amact; tek yillik yabani aygicegi (Helianthus)
tiirlerinin bu komponentlerini 2012 ve 2013 yetistirme sezonlarinda tarla kosullarinda yeni genetik kaynagi olarak
belirlemektir. Aragtirmada; H. agrestis, H. annuus (4 farkli genotip), H. anomalus, H. argophyllus, H. bolanderi,
H. debilis (ssp. debilis, ssp. cucumerifolius, ssp. silvestris, ssp. tardiflorus ve ssp. vestitus alttiirleri), H.
deserticola, H. exilis, H. neglectus, H. niveus (ssp. niveus, ssp. canescens ve ssp. tephrodes alt tiirleri) H. petiolaris
(ssp. petiolaris (2 farkli genotip) ve ssp. fallax alt tiirleri), H. porteri, ve H. praecox (ssp. praecox (2 farkli genotip),
ssp. hirtus, ve ssp. runyani alttiirleri) materyal olarak kullanilmigtir. Caligmada tek yillik yabani aycigegi
genotipleri tizerinde incelenen karakterler; bitki boyu, birincil yan dal sayisi, birincil yan dala diisen ikincil dal
sayist, bitki yayilma ¢api, ekimden ilk ¢iceklenmeye kadar olan giin sayis1, ekimden %50 ¢giceklenmeye kadar olan
giin sayis1, ekimden ¢iceklenme sonuna kadar olan giin sayisi, ¢iceklenme periyodu giin sayisi, ana sap ¢apu, tabla
capi, bin dane agirlig1 ve tane verimi unsurlaridir. Y1l faktorii, bitki boyu haricinde incelenen tiim karakterler
izerinde 6nemli etkiye sahip olmustur. Genotip, 2013 yilindaki tohum haricinde her iki yilda incelenen tim
karakterler lizerinde istatistiki dnemli etkiye sahip olmustur. Her iki yilda, H. argophyllus genotipinde en yiiksek
bitki boyu, en fazla birincil dal sayis1 ve en yiiksek ekimden % 50 ¢igeklenmeye kadar olan giin sayisi1 degerleri
elde edilirken, H. annuus genotiplerinde en yiiksek tohum verimleri, en yiltksek 1000 tane agirliklari, en yiiksek
tabla gaplar1 ve en yiiksek sap ¢ap1 degerleri belirlenmistir. Yabani tek yillik aygicegi tiirlerine ait genotiplerin
morfolojik ve agronomik karakterlerine ait her iki yetistirme sezonundaki degerlerde; bitki boylar1 61.33 ve 325.67
cm, bin tane agirlig1 0.73 ve 101.20 g, ekimden % 50 cigeklenmeye kadar olan siire 97 ve 223 giin, ¢igeklenme
periyodu 50 ve 171 giin, bitki tabla sayis1 5.0 ve 800.70 adet ve bitki tane verimleri 1.57 ve 233.20 g arasinda
degismistir.

Anahtar kelimeler: Helianthus, Cigeklenme periyodu, Bitki boyu, Tane verimi, Tane agirhgi
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1. Introduction

Sunflower (Helianthus annuus L.) is the fourth crop for contributes to world vegetable oil production after
palm, soybean, and rapeseed. It is grown in many regions of the world and adapted to different agroecological
conditions due to its genetic structure with high adaptability. Cultivated sunflower belongs to the genus Helianthus,
a member of the Asteraceae family consisting of 53 species and 19 subspecies, including 14 annual and 39
perennials (Seiler et al., 2017). Sunflower is thought to have been domesticated 3000-5000 years ago by Native
Americans who primarily used it as a source of edible seed (Heiser, 1951). It was introduced to Europe in the early
16th century. The first oilseed cultivars were developed and grown at an industrial scale in Russia (Gavrilova and
Anisimova, 2017). The later, breeding efforts have transitioned sunflower from primarily open-pollinated varieties
into hybrid cultivars. Hybrid production refers to the establishment of novel cultivars that are reproductively
isolated from their parental species and genetically stabilized (Rieseberg, 2006; Rauf, 2019).

Interspecific hybridization has been extensively applied in sunflower breeding. Wild species are adapted to a
wide range of habitats and possess considerable variability for most biotic and abiotic traits (Seiler et al., 2017).
Wild genotypes have been undeniably beneficial to modern agriculture dating back 100 yr, providing plant
breeders with a broad pool of potentially useful genetic resources (Hajjar and Hodgkin, 2007). Wild sunflower
species have been used as sources of desirable genes for a number of characteristics. With hybrid cultivar breeding,
the importance of wild sunflower species has increased even more to capture heterosis and resistance to disease,
pests, stress, and herbicide. Many traits dealing with morphology, architecture, and disease resistance have been
transferred from Helianthus species to sunflower (Onemli and Gucer, 2010c: Qi et al., 2019). The genetic research
on the development of new CMS - restorers of fertility have contributed to enriching diversity and increasing
heterosis in sunflower (Atlagi¢ et al., 2006; Seiler, 2007; Nooryazdan et al., 2010; Onemli and Gucer, 2010b;
Whitney et al., 2010; Seiler et al., 2017). Wild species are a potentially important source of abiotic tolerance;
therefore, it may be desirable to introgress drought, heat, and salinity tolerant genes from wild relatives (Onemli
and Gucer, 2010a; Seiler et al., 2017; Hernandez et al., 2018). They also contain considerable variability for biotic
stress such as disease, orobanche, and insect pest resistance (Vear, 2016; Seiler et al., 2017; Talukder et al., 2019;
Fernandez-Aparicio, 2022). The increase in sunflower production has been largely connected to the inclusion of
wild Helianthus species in the improvement work on sunflower (De Haro, 1991; Perez et al., 2007; Nooryazdan
et al., 2010; Onemli, 2012a; 2012b; Seiler et al., 2017). Although interest in using wild species in breeding
programs has increased, the limited genetic variability in cultivated sunflower has slowed the future improvement
of the crop, and has placed the crop in a vulnerable position should any major shifts of disease races or pests occur.

Evaluations of wild species have provided information about useful genes for future sunflower improvement.
However, there are still numerous genes in wild sunflower species yet to be identified and introgressed into
cultivated sunflower. Plant breeders need more detailed information about wild genotypes. The understanding of
wild Helianthus species will increase the number of useful genes available from wild Helianthus species, making
it possible to transfer cultivated sunflower (Hernandez et al., 2019). In addition, it is also important for the
arrangement of hybridization programs such as flowering calendars. In the present study, we focus on the
evaluation of wild annual Helianthus species for their morphological, phenological, and agronomic characteristics
in field conditions to determine useful features for future sunflower breeding.

2. Materials and Methods
2.1. Plant materials

In this research, twenty-seven wild annual Helianthus species and subspecies listed in Table 1 getting from the
USDA-ARS North Central Regional Plant Introduction Station-lowa State University were used as materials. In
this research annual wild sunflower (Helianthus) species; H. agrestis, H. annuus (4 different genotypes), H.
anomalus, H. argophyllus, H. bolanderi, H. debilis (ssp. debilis, ssp. cucumerifolius, ssp. silvestris, ssp. tardiflorus
and ssp. vestitus subspecies), H. deserticola, H. exilis, H. neglectus, H. niveus (ssp. niveus, ssp. canescens and ssp.
tephrodes subspecies) H. petiolaris (ssp. petiolaris (2 different genotype) and ssp. fallax subspecies), H. porteri,
and H. praecox (ssp. praecox (2 different genotypes), ssp. hirtus, and ssp. runyani subspecies) were planted under
field conditions in the 2012 and 2013 sunflower growing seasons. Wild sunflower genotypes are origins of USA
except H. annuus Ames 29348 and H. niveus subsp. tephrodes.
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Table 1: Genotypes and origins of annual wild Helianthus species and subspecies

Genotype Helianthus species and subspecies Origins

1 H. agrestis USA, Florida

2 H. annuus Ames 4114 USA, North Dakota
3 H. annuus Ames 7111 USA, California

4 H. annuus Ames 29273 USA, Texas

5 H. annuus Ames 29348 Australia, South Australia
6 H. anomalus S.F. Blake USA, Utah

7 H. argophyllus Torr.& A. Gray USA, Texas

8 H. bolanderi A. Gray USA, California

9 H. debilis Nutt. subsp. cucumerifolius (Torr. & A.Gray)Heiser USA, Texas

10 H. debilis Nutt. subsp. debilis USA, Florida

11 H. debilis Nutt. subsp. silvestris Heiser USA, Texas

12 H. debilis Nutt. subsp. tardiflorus Heiser USA, Florida

13 H. debilis Nutt. subsp. vestitus (E. Watson) Heiser USA, Florida

14 H. deserticola Heiser USA, Nevada

15 H. exilis A. Gray USA, California

16 H. neglectus Heiser USA, New Mexico
17 H. niveus (Benth.) Brandegee USA, Arizona

18 H. niveus (Benth.) Brandegee subsp. canescens (A. Gray) Heiser USA, Utah

19 H. niveus (Benth.) Brandegee subsp. tephrodes (A. Gray) Heiser Mexico

20 H. petiolaris Nutt. USA, South Dakota
21 H. petiolaris Nutt. subsp. fallax Heiser USA, New Mexico
22 H. petiolaris Nutt. subsp. petiolaris USA, Oklahoma

23 H. porteri (A. Gray) Pruski USA, Georgia

24 H. praecox Engelm. & A. Gray USA, Texas

25 H. praecox Engelm. & A. Gray subsp. hirtus (Heiser) Heiser USA, Texas

26 H. praecox Engelm. & A. Gray subsp. praecox USA, Texas

27 H. praecox Engelm. & A. Gray subsp. runyonii (Heiser) Heiser USA, Texas

2.2. Meteorological data and field soil properties in the Experimental location

The experiments were carried out in the Research area of the Field Crops Department of the Faculty of
Agriculture at Namik Kemal University in Stileymanpasa, Tekirdag, Turkey (40°59'N, 27°33 E, elevation 3 m) on
soil with clay loam and low organic matter content (Table 2).

Table 2. Soil properties of the experimental field

Soil PH Salt SOM SW P;Os Lime Cu Fe Mn Ca K Mg Zn
Depth (Sat) EC %  (Sat) kg/ha % ppm ppm ppm ppm ppm ppm ppm
cm pS/cm %
(Sat)
0-20 7.78 866 1.37 42 108.3 182 0.75 381 883 6076 210 241 0.15
30-60 7.82 720 1.18 43 726 371 067 362 6.60 6055 151 247 0.10
60-90 7.85 631 0.92 43 559 806 062 362 7.08 5911 125 263 0.09

SOM: Soil Organic matter, SW: Soil Water Content, Sat: Saturation

Climatic data during growing periods of wild Helianthus ssp. in 2012 and 2013 are given in Table 3. Generally,
the values of rainfall, relative humidity, and temperature in the vegetative growth period and flowering duration
of wild sunflower genotypes in the first year of field conditions were higher than in 2013 except for June rainfall
and May temperature.
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Table 3. Climatic data during growing periods of wild annual Helianthus genotypes in 2012 and 2013

Month Year Total Rainy Sun. Relat. Humi  Aver. Max. Min.  Aver.S

Precip day per Humi. of Air Air Air oil

(mm) (day) day (%) Soil Temp. Temp. Temp. Temp.

(hour) (%) (%0 (°C) (C) (C)

March 2012 18.0 8 6.3 81.8 22.0 7.9 12.3 3.6 1.6
2013 52.8 8 4.5 98.5 24.1 9.6 13.5 5.9 4.8

April 2012 61.4 10 7.4 82.4 24.4 14.1 19.3 9.6 8.7
2013 16.0 6 6.7 84.8 23.5 13.5 17.7 9.4 8.0

May 2012 62.4 13 7.1 91.2 25.6 18.1 22.5 14.2 135
2013 8.0 2 9.4 69.7 20.7 19.5 23.8 15.1 14.6

June 2012 0.2 1 10.9 78.2 23.6 24.1 28.4 18.9 18.4
2013 35.0 10 8.4 68.7 18.5 22.4 26.7 18.1 17.5

July 2012 6.0 2 10.6 68.7 16.1 27.0 315 22.1 21.2
2013 0.0 0 10.5 61.4 15.5 24.7 28.8 20.0 19.5

August 2012 7.8 2 10.3 62.7 13.8 26.0 31.1 20.9 19.9
2013 0.2 1 9.6 62.3 13.3 25.9 30.1 21.7 20.7
September 2012 8.4 3 8.1 73.6 12.9 22.2 26.6 18.1 17.3
2013 10.2 3 8.4 61.4 12.4 21.6 25.6 16.9 15.8

October 2012 51.0 7 6.5 87.3 17.6 19.2 23.5 15.1 14..0
2013 96.4 5 6.5 76.2 21.2 14.3 17.9 10.4 9.3

November 2012 24.8 5 3.4 97.0 24.3 13.7 16.9 10.7 10.0
2013 36.6 6 3.6 79.0 21.3 12.6 15.9 9.6 7.9

December 2012 184.6 17 2.6 97.3 25.1 6.4 9.7 31 2.6
2013 2.4 3 2.7 74.1 20.6 6.2 9.7 3.0 1.7

Precip: Precipitation, Sun: Sunshine, Temp: Temperature Humi: Humidity Aver.: Average
2.3. Experimental design and treatments

In the first year, seeds of wild sunflower were sown into multiple pots in the glasshouse on March 13, 2012,
and their seedlings were planted into fields on April 25, 2012. In the second year, the sowing time of seeds into
multiple pots and planting time of seedlings on the field were March 12, 2013, and May 17, 2013, respectively.
Each experiment was laid out in a Randomized Complete Block Design (RCBD) having four replications and
genotypes belonging to different wild annual Helianthus species and subspecies. Plot length was kept at 5m in
both years. The distance between the rows and between the plants in the rows was 1 m for each. Irrigation was
applied for the seedlings to stay alive and hold on the soil during the planting time of seedlings in both years.
Weeds were cleaned by mechanical hoeing.

Morphological, agronomic, and Phenological characters such as plant height, primary branches number,
secondary branches number per primary branches, plant spreading diameter, the number of days from planting to
first flowering, the number of days from planting to 50 % flowering, the number of days from planting to the end
of flowering, the number of days of the flowering period, main stem diameter, head diameter, 1000 seeds weight,
and seed yield were determined on wild genotypes.

The beginning and ending dates of seed harvest of annual Helianthus species are given in Table 4. Seed harvest
dates of wild annual sunflower genotypes. Harvest times of annual Helianthus species were changed from July 15
to December 10 depending on year and genotype.

We could not get enough seeds to calculate yield during harvest from H. agrestis, H. anomalus, H. deserticola,
H. niveus, H. niveus subsp. canescens, H. niveus subsp. tephrodes, H. petiolaris subsp. fallax, H. petiolaris subsp.
petiolaris, H. porteri in both years, and H. exilis in the second year due to plant drying and pollination problems
depending on climatic conditions although they had plant emergence, plant development, and flowering. Therefore,
some agronomic characters were not evaluated for these genotypes.
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2.4. Statistical analysis

Statistical analysis was performed according to standard procedures for a randomized complete block design
(RCBD) including replication, year, and genotype factors. The SAS System was used to generate the analysis of
variance (ANOVA) for determining treatment effects on the dependent variables (SAS Institute, 1997). Mean

comparisons in each year were based on F-Protected Least Significance Differences (LSD) at P < 0.05.

Table 4. Seed harvest dates of annual Helianthus species in 2012 and 2013

Helianthus species and
subspecies

Harvest duration

2012
Start-End

2013
Start-End

. praecox ssp. hirtus
. praecox ssp. praecox
. praecox ssp. runyonii

July 15 — October 31
July 15 — October 31
July 25 — October 20

August 01 — December 10
August 01 — December 10
August 01 — December 10

H. annuus Ames 4114 July 20 - August 31 July 30 - August 01

H. annuus Ames 7111 August 05 — October 31 August 25 — November 20
H. annuus Ames 29273 August 05 — October 31 September 05 — November 30
H. annuus Ames 29348 August 01 — October 31 August 20 — October 31

H. argophyllus November 05 - November 20  November 05 - November 20
H. bolanderi August 1 — October 31 August 20 — November 20
H. debilis ssp. cucumerifolius July 15 - November 08 August 20 - November 20
H. debilis ssp. debilis August 05 — November 30 September 01 — December 10
H. debilis ssp. silvestris August 05 — September 30 August 20 — November 30
H. debilis ssp. tardiflorus August 01 — September 30 August 20 — November 25
H. debilis ssp. vestitus August 05 — November 30 August 10 — December 10
H. exilis August 25 — September 30 -

H. neglectus July 20 - September 30 August 10 - November 30
H. petiolaris August 05 — November 08 August 15 - November 05
H. praecox July 15 — October 31 August 01 — December 10
H

H

I

3. Results and Discussion

According to the analysis of variance in Table 5, year, genotype and year x genotype interaction factors for
seed yield, 1000 seeds weight, head diameter, primary branches number, plant spreading diameter, main stem
diameter, number of days from planting to first flowering, number of days from planting to 50% flowering, number
of days from planting to the end of flowering and number of days of the flowering period were statistically
significant at P < 0.01. Plant height was affected significantly by genotype and year x genotype interaction factors.
The reason for the CV values higher than 10 % was due to the inhomogeneity of the genetic material. The mean
comparisons for genotypes were analyzed separately on the basis of years.

Table 6, shows mean comparisons for seed yield, 1000 seed weight, and head diameter of wild annual
Helianthus species and years. Seed yield per decare of wild sunflower genotypes in 2012 and 2013 ranged between
3.00 and 32.00 kg, and between 1.68 and 249.75 kg, respectively. In the first year, the seed yield of genotypes was
very low. We think that the reason for the low yield was the fertility problems experienced in pollination and
forming seeds in flowers due to the high air temperature. Hernandez et al. (2018) also indicated negative effects
of heat stress on seed setting of wild sunflower germplasm. Pollen development has been shown to be highly
sensitive to elevated temperatures while the development of the female gametophyte as well as sporophytic tissues
might also be disturbed under mild or severe heat stress conditions (Mesihovic et al., 2016). The material was
brought from lowa State, USA. Genotypes grown there at low temperatures were more affected by the high-
temperature conditions in the Thrace region of Turkey. In the second year, this effect decreased with the decrease
in regional temperatures. H. annuus Ames 4114 had the highest seed yield in the first year. This genotype was
followed by H. argophyllus. In 2013, H. annuus Ames 29348 had the highest seed yield while H. annuus Ames
29273, H.debilis ssp.cucumerifolius, H. bolanderi, H. neglectus, H. annuus Ames 7111 and H. praecox ssp.
Runyonii were in the second-highest seed yield group.
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Table 5. Analysis of variance of some seed yield and yield components

Variation Seed yield 1000 seeds Head Plant height 1. branches  Spreading
sources weight diameter number diameter
Replication 1084.00 8.94 1.21 111.11 6.22 653.95
Y (Year) 47175.65** 116.48** 33.67** 978.98 657.66** 17368.25**
G (Genotype) ~ 5837.03** 2409.99** 45.43** 26543.64** 384.13** 5910.17**
Y*G 5050.21** 92.71** 13.57** 1920.42** 36.49** 3166.62**
C.V. (%) 94.10 36.52 37.13 16.53 19.19 17.81
Variation Main stem NDFP* to NDFP to NDFP to Flowering
sources diameter first 50% the end of period
flowering flowering flowering days
Replication 0.88 32.91 100.70 163.12 135.46
Y (Year) 10.94** 10360.63**  40480.63**  19298.13** 1400.82**
G (Genotype) 5.51** 3275.71** 4879.93** 3643.19** 5612.44**
Y*G 2.27** 125.56** 645.04** 1032.44** 1060.68**
C.V. (%) 22.00 4.77 471 3.63 9.21
Variation 2. stem Head Seed Seedyield  Seed length Seed
sources diameter number number per per plant 2013 width
2012 2013 head 2013 2013
2013
Replication 0.26 156295.43 5588.88 1937.05 0.30 0.32
G (Genotype) 1.14** 127995.46**  23260.77** 9305.93** 13.08** 3.41

*and ** : Significant differences are shown at P < 0.05 and P < 0.01, respectively, NDFP*: Number of days from planting

Table 6. Mean comparisons for seed yield, 1000 seed weight, and head diameter

Seed yield 1000 seeds Head diameter
Genotype (kg da) weight (cm)
number (9.)

Helianthus species / subspecies 2012 2013 2012 2013 2012 2013
2 H. annuus Ames 4114 32.00a 17.21c 101.20a 69.20a 18.33a 6.40a
3 H. annuus Ames 7111 8.00fg 55.34bc 12.50b  10.13b  6.47b 3.23c
4 H. annuus Ames 29273 12.00de 112.28b 4.40d 6.50bcd 5.77b 4.10b
5 H. annuus Ames 29348 22.00c 249.75a 12.80b 9.20bc  7.57b 4.40b
7 H. argophyllus 24.00b  16.60c  9.00c  6.53bcd 2.30c 3.20b
8 H. bolanderi 13.00d 61.03bc  3.20e  5.60bcd 2.23c 2.33d
9 H.debilis ssp.cucumerifolius 7.00gh  109.65b  1.30ij 2.86bcd 1.90c 2.23de
10 H. debilis ssp. debilis 6.00h 1.68c 1.40hij  0.73d 1.13e 1.13h
11 H. debilis ssp. silvestris 3.00i 16.50c  1.60ghi  1.03d 1.70c  1.77efg
12 H. debilis ssp. tardiflorus 7.00gh  13.77c 1.10j 1.33d 1.37¢  1.63fgh
13 H. debilis ssp. vestitus 3.00i 17.40c  1.20ij 0.90d 1.37c  1.30gh
15 H. exilis 9.00f 1.90fg - 1.83c -
16 H. neglectus 3.00i 60.29bc  1.40hij 2.93bcd 2.20c  2.10def
20 H. petiolaris 11.00e 35.17c  4.60d 3.77bcd 2.50c  2.30de
24 H. praecox 11.00e  25.43c 1.80gh 1.90cd 2.30c 1.83defg
25 H. praecox ssp. hirtus 3.00i 31.99c  1.40hij 1.37d 1.63c  1.87def
26 H. praecox ssp. praecox 3.00i 34.18c  1.80gh 1.43d 1.90c  1.60fgh
27 H. praecox ssp. runyonii 3.00i 44.10bc  2.30f 1.23d 2.17c  1.87def

Means for year 10.07B 53.08A 9.59A  7.45B 3.70A  2.55B

LSD (p<0.05) for genotype 1.61 69.55 0.47 7.32 2.56 0.54

LSD (p<0.05) for years 11.75 1.23 0.46

*: Within each column for genotype and line for the year in each character, means followed by the same letters are not significantly

different at P < 0.05.
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1000 seed weight of wild annual sunflower genotypes ranged from 1.10 to 101.20 g in 2012 although it was
between 0.73 and 69.20 g in the second growing season. In the first year, the seed weight was higher than in the
second year. Despite the fertilization and seed setting problems due to high temperature, the development of the
formed grains was better in the first year. H. annuus Ames 4114 gave the highest seed weights in both years. This
genotype was followed by H. annuus Ames 29348 and H. annuus Ames 7111 in 2012, and by H. annuus Ames
7111, H. annuus Ames 29348, H. argophyllus, H. annuus Ames 29273, H. bolanderi, H. petiolaris, H. neglectus
and H. debilis ssp. cucumerifolius in 2013.

Head diameter according to genotypes ranged between 1.13 and 18.33 cm in 2012, and between 1.13 and 6.40
in 2013. In the first year, the head diameter was measured higher than in the second year. In this result, it is thought
that the fact that the precipitation in April and May in the first year was much higher than in the second year had
a positive effect on the head development. H. annuus Ames 4114 had the highest head diameter in both growing
seasons. The second highest head diameter group was created by H. annuus Ames 29348, H. annuus Ames
7111and H. annuus Ames 29273 in 2012, and by H. annuus Ames 29348, H. annuus Ames 29273, and H.
argophyllus.

Mean comparisons for plant height, primary branches number, plant spreading diameter, and main stem
diameter are given in Table 7.

Table 7. Mean comparisons for plant height, primary branches number, plant spreading diameter, and main
stem diameter

Plant height Primary branches Plant spreading Main stem

Geno. (cm) number (No) diameter diameter (cm)
No. (cm)

2012 2013 2012 2013 2012 2013 2012 2013
A 138.33ef 79.33j 5.00i 5.00h 100.67gh 37.67¢ 4.17b 1.27fg
3 187.67ed  165.33efg  20.67cd 21.33defg  210.00bc  143.67bcde  4.03b 2.29cde
4 251.00b 234.67b 27.33b 27.67bcd 274.00a 157.33abc 6.00a 3.17ab
5 166.33cde  228.00bc  19.67cde  27.00bcd 123.33efgh  129.00cdef  3.47bc 3.86a
7 325.67a 305.00a 45.67a 39.33a 156.00de  125.67cdef  3.73bc 2.90c
8 194.33c 198.67cd  22.00bcd  28.00bc 175.00cd  159.67abc  2.50def  3.15abc
9 118.67fgh  192.67de 14.00efgh 27.33bcd  152.67def 192.33a  1.90efgh  2.81bc
10 80.33hi 61.33j 8.33hi 17.33fg 147.00def 95.67f 1.30gh 0.95g
11 145.00def  89.67ij 17.00def  19.33efg  155.00de  112.33def 1.90efgh  1.58efg
12 108.00fghi  136.67gh  25.33bc 31.00b 150.00def  156.0 abcd 2.17defg 2.30bcde
13 71.00i 78.33j 13.67efgh  15.00g  143.33defg 151.7abcde  1.00h 1.39fg
15 105.67fghi - 25.00bc - 93.67h - 1.77fgh -
16 188.00cd 171.67def 18.00de  26.67bcd  150.00def = 183.00ab 5.30a  2.42bcde
20 197.67¢ 155.67fg  20.00cde  25.33bcde  220.00b 112.00ef  2.80cde  1.79efg
24 102.33fghi 91.0ij 11.33fghi  22.67cdef 176.00bcd 126.33cdef 2.00efg  1.86def
25 84.00ghi 89.0ij 10.00ghi  19.33efg  110.00fgh  135.33cdef 1.60fgh  1.75efg
26 81.67hi 62.67] 15.67defg 19.67efg  139.0defgh 133.33cdef 2.00efg  1.57efg
27 130.67efg  121.0hi 16.0defg  24.00cde 170.0cd 157.33abc  3.00cd  2.68bcd
Means 151.22A  145.02A  18.22B 23.29A 161.88A 135.78B 2.88A 2.22B
LSD1 46.88 32.18 6.64 6.66 44.54 43.69 0.94 0.88
LSD2 9.68 1.58 10.48 0.22

*: Helianthus species, subspecies, and genotype names in Table 1

Mean: Mean for two growing seasons LSD1: LSD for genotype at p<0.05 LSD2: LSD for the year at p<0.05, Geno.: Genotype
*: Within each column for genotype and line for the year in each character, means followed by the same letters are not significantly different
at P<0.05.

Plant height for the genotype ranged between 71.0 and 325.67 cm in 2012, and between 61.33 and 305.00 cm
in 2013. There was no difference between years for plant height. H. argophyllus had the highest plant heights in
both years. This genotype was followed by H. annuus Ames 29273 in the first year, by H. annuus Ames 29273
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and H. annuus Ames 29348 in the second year. H. debilis ssp. debilis, H. debilis ssp. vestitus, H. praecox, H.
praecox ssp. hirtus and H. praecox ssp. praecox were in the shortest plant height group in both years. In addition,
H. exilis and H. debilis ssp. tardiflorus were in the shortest plant height group in the first growing season while in
the second year, H. debilis ssp. silvestris and H. annuus Ames 4114 in this shortest plant height group.

Primary branches number of wild sunflower genotypes ranged between 5.00 and 45.67 cm in 2012, and
between 5.00 and 39.33 cm in 2013. In both years, H. argophyllus had the highest primary branches number while
H. annuus Ames 4114 created the lowest primary branches number group. The means of primary branches number
of genotypes in the second year was significantly higher than in the first year. We think that this was due to the
very low rainfall in the first year in June when branching was at its peak.

Plant spreading diameter of wild annual sunflower genotypes ranged between 93.67 and 274.00 cm in the first
year, and between 95.67 and 192.33 cm in the second year. The highest plant spreading diameter was measured in
H. annuus Ames 29273 in 2012 while the highest plant spreading group had H.debilis ssp.cucumerifolius, H.
neglectus, H. bolanderi, H. praecox ssp. runyonii, H. debilis ssp. tardiflorus,. H debilis ssp. vestitus genotypes.
The mean of the first-year plant spreading diameter was statistically higher than the second year.

The main stem diameter of genotypes ranged from 1.00 to 6.00 cm in 2012, and from 0.95 to 3.86 in 2013. In
the first year, the highest main stem diameter was measured in H. annuus Ames 29273 and H. neglectus while it
was obtained in H. annuus Ames 29348, H. annuus Ames 29273 and H. bolanderi in the second year. There was
a statistically significant difference between years for this character, and the main stem diameter in 2012 was
higher than in 2013.

Table 8. Mean comparisons for the number of days from planting to first flowering, number of days from
planting to 50% flowering and number of days from planting to the end of flowering, number of days of the
flowering period

Number of days from
planting to first

Number of days
from planting to

Number of days from
planting to the end of

Number of days of
the flowering period

flowering (No) 50% flowering (No) flowering (No) (No)
Geno. 2012 2013 2012 2013 2012 2013 2012 2013
2" 95.00h 105.33g 107.00j 122.00f 173.33k 146.00f 78.33m 40.67¢
3 109.33cd  129.67cd 113.33gh 160.67cde 232.00fg  250.00cde  121.67i 120.33ef
4 108.00d  138.00bc  112.33b 161.67cde 236.67d  264.00abc 128.33gh  126.00ef
5 103.00e  126.00cd 114.00g 164.67cd 230.67gh 237.67e 127.67h 116.67f
7 202.00a 202.33a  221.00a  223.00a  252.00b  254.00cde  50.000 51.67g
8 102.00ef  122.67de  107.00j 162.67cde 232.33fg 256.00bcde 130.33g  133.33def
9 91.00i 125.67cd 97.001  158.00cde 241.67c 258.3abcde  150.67c  132.67def
10 108.33d 144.00b  158.00c  216.33a  265.00a 278.33a 156.67b  134.33def
11 111.00c  128.00cd 151.00d  169.67bc  202.00j 265.67abcd  91.001  137.67cdef
12 101.67ef  130.00cd  141.67f 150.33de  203.00j 260.67abcd 101.33k  130.67def
13 103.00e  121.00def 144.00e  216.33a  266.67a 278.67a 162.67a  157.67abcd
15 129.00b - 159.33c - 202.00j - 73.00n -
16 98.00g 122.67de  143.33e  165.00cd  202.00j  265.33abc  104.00j 142.67bcde
20 108.00d  126.33cd  164.67b  185.67b  242.67c  239.33de 134.67f 113.00f
24 91.00i 112.00efg  97.00I 149.33de  233.67ef  276.33ab  142.67d  164.33abc
25 91.67i 110.00efg  97.33I 146.67e  229.67h 278.33a 138.00e  168.33ab
26 94.00h 108.00fg  101.67k  151.67de 235.33de  279.00a 141.33d 171.00a
27 101.00f  109.33fg  110.00i 154.00cde  221.00i 278.67a 120.00i 169.33ab
Mean  106.96B  127.12A  128.26B  168.10A  229.33B 256.84A  122.31B  129.73A
LSD1 1.93 13.09 1.52 16.06 2.26 22.24 2.63 27.09
LSD2 2.21 2.76 3.78 4.59

+: Helianthus species, subspecies, and genotype names in Table 1
Mean: Mean for two growing seasons, Geno.: Genotype
LSD1: LSD for genotype at p<0.05 LSD2: LSD for year at p<0.05
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Mean comparisons for the number of days from planting to first flowering, number of days from planting to
50% flowering, and number of days from planting to the end of flowering, number of days of the flowering period
are given in Table 8.

The beginning of flowering, the end of flowering, and the flowering period are the most important Phenological
characters for sunflower breeding studies with wild sunflowers. Because in hybridization studies, sowing time
should be arranged between the parents in order to obtain pollen from the wild at the appropriate time.

The number of days from planting to first flowering ranged from 91.00 to 202.00 in 2012, and from 105.33 to
202.33 in 2013. In the first year, the earliest flowering was observed in H.debilis ssp.cucumerifolius, H. praecox,
and H. praecox ssp. hirtus while H. annuus Ames 4114 and four H. praecox subspecies had the earliest flowering
I the second year. In both years, H. argophyllus had the latest first flowering. The beginning of this wild annual
sunflower species was later than the nearest genotype about 2.5 months in 2012 and 2 months in 2013. In the
second year, the beginning of the flowering of genotypes was delayed as statistically significant due to climatic
conditions.

The results of the number of days from planting to 50% flowering was similar to beginning of flower. H. debilis
ssp. cucumerifolius, H. praecox, and H. praecox ssp. hirtus reached earliest to 50% flowering in 2012 while H.
annuus Ames 4114 had earliest 50% flowering in 2013. H. argophyllus had the latest 50% flowering in both years
while H. debilis ssp. silvestris and H. debilis ssp. vestitus were in the same latest 50% flowering group in 2013.
The number of days from planting to 50% flowering in the second year was higher than in the first year.

The number of days from planting to the end of flowering ranged from 173.33 to 266.67 in 2012, and from
146.00 to 278.67 in 2013. The flowering of the first year was completed earlier than the second year. In both years,
H. annuus Ames 4114 reached the earliest to the end of flowering.

The flowering period of wild sunflower genotypes ranged from 50.0 to 162.67 days in 2012, and from 40.67
to 171.0 days in 2013. In the first year, H. argophyllus had the shortest flowering period while H. debilis ssp.
vestitus had the highest days number for flowering period. In the second year, H. argophyllus and H. annuus Ames
4114 had the shortest flowering period while the longest flowering was observed in H. debilis ssp. vestitus and all
H. praecox subspecies. Four H. praecox genotypes had longer flowering in 2013 according to the first year.

Mean comparisons for the secondary stem diameter, head number per plant, seed number per head, seed yield
per plant, seed length, and seed width are given in Table 9. Stem diameter was observed in the first year while
head number per plant, seed humber per head, seed yield per plant, seed length, and seed width were taken in the
second year. The main stem diameter of genotypes ranged from 0.60 to 2.33 cm. The highest main stem diameters
were measured in H. annuus Ames 4114, H. annuus Ames 29273, H. neglectus, H. annuus Ames 29348, H.
argophyllus and H. praecox ssp. runyonii. Head number per plant ranged between 5.0 and 800.70. H.debilis
ssp.cucumerifolius, H. neglectus, H. praecox ssp. praecox, H. praecox, H. bolanderi, H. debilis ssp. tardiflorus
and H. praecox ssp. runyonii were in the highest head number per plant group while H. annuus Ames 4114 had
the lowest head number per plant. Seed number per head ranged from 48.67 to 401.00. H. annuus Ames 29348
had the highest seed number per plant. Seed yield per plant was observed between 16.07 and 233.20 g. H. annuus
Ames 29348 had the highest seed yield per plant while the lowest seed yield per plant was observed in H. annuus
Ames 4114, Seed length ranged from 2.98 to 12.25 mm while seed width was between 1.35 to 5.80 mm. H. annuus
Ames 4114 highest seed sizes.

It was not possible to measure some features in some species not included in previous results. The characters
measured in these species are given in Table 10. But, statistical analyzes were not made on these data. It was not
possible to obtain grains because these genotypes (H. agrestis, H. anomalus, H. deserticola, H. debilis subsp.
tardiflorus, all H. niveus species, H. porteri and two H. petiolaris species) had bad germination, growth problems
or drying out due to climatic conditions.
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Table 9. Mean comparisons for the secondary stem diameter, head number per plant, seed number per head,
seed yield per plant, seed length, and seed width

Helianthus Secondary Head Seed Seed Seed Seed
species/subspecies stem number per number  yield per length width
diameter plant per head plant (mm) (mm)
(cm) (No) (No) (9.) 2013 2013
2012 2013 2013 2013
H. annuus Ames 4114 2.33a 5.00e 48.67e 16.07e 12.25a 5.80a
H. annuus Ames 7111 1.50bc 117.00cde 177.33c 51.67bc 5.72bc 2.73bc
H. annuus Ames 29273 2.27a 203.70bcde  286.33b 104.84b  4.64cdefg 2.26bc
H. annuus Ames 29348 1.93ab 223.70bcde  401.00a 233.20a 6.44b 3.13bc
H. argophyllus 1.93ab 228.00bcde 177.00c 15.50c 5.10bcde 1.71c
H. bolanderi 1.10cd 479.00abcd  107.67cde  56.99bc 4.97cdef 2.16bc
H.debilis ssp.cucumerifolius 0.83d 800.70a 140.00cde  102.38b 3.64fgh 2.10bc
H. debilis ssp. debilis 0.73d 83.70de 54.67e 15.57¢c  4.14defgh 1.83bc
H. debilis ssp. silvestris 0.80d 221.30bcde  130.00cde  15.41c 2.98h 1.35¢
H. debilis ssp. tardiflorus 0.90d 417.00abcde  68.00e 12.85¢ 4.32defg 3.76b
H. debilis ssp. vestitus 0.63d 217.70bcde  78.00de 16.25¢ 3.75efgh 3.05bc
H. exilis 0.90d - - - - -
H. neglectus 2.20a 593.30ab 86.67cde  56.30bc  4.21defgh 2.14hc
H. petiolaris 1.60bc 245.00bcde  117.67cde  32.84c 5.30bcd 2.65bc
H. praecox 0.60d 501.70abc 98.67cde 23.75¢ 4.00defgh 2.27hbc
H. praecox ssp. hirtus 0.87d 297.70bcde  133.00cde  28.93c 3.90efgh 1.53c
H. praecox ssp. praecox 0.97d 536.70ab 122.00cde  32.00c 3.53gh 1.63c
H. praecox ssp. runyonii 1.90ab 418.30abcde  163.33cd  41.18bc  4.02defgh 1.92bc
LSD (p<0.05) for genotype 0.53 413.35 94.50 64.97 1.38 1.94

The phylogenetic classification studies on annual wild sunflower species showed that H. annuus, H.
argophyllus, H. bolanderi and H. exilis were in one of the branches while H. niveus subsp niveus, H. niveus subsp.
tephrodes, H. niveus subsp. canescens, H. praecox, H. debilis, H. neglectus and H. petiolaris were in the second
other branches. In these studies, H anomalous, H. deserticola and H. paradoxus were stated between H. annuus
and H. petiolaris (Rieseberg, 2006). Jockovi¢ et al. (2020) studied the pericarp features of wild Helianthus L.
species as a potential source for improvement of the technical and technological properties of cultivated. They
found that the achene length of wild perennial species changed from 3.2 to 6.0 mm, while the achene width was
between 1.2 and 2.5 mm. Presotto et al. (2019) indicated that the number of branches and tertiary head diameter
could be direct selection criteria for wild sunflower genotypes under stress conditions. Flowering and self-
pollination are among the most important characters in sunflower hybrid breeding (Onemli, 2005a; 2005b). The
results found in this study are in agreement with previous studies.

4, Conclusion

This study presented data on some phenological and agronomic characteristics of annual wild sunflower
species in field conditions containing very valuable preliminary information for plant breeders. The information
we have obtained for flowering date adjustments in hybridization studies and important yield components includes
very valuable findings for future breeding studies. We had significant problems obtaining seeds from some species.
This was due to the difficulty of adapting these species to the local field conditions. Because the gene center of
these species is in special climatic regions such as the desert. Studies should be continued, and precautions should
be taken for these species which are difficult to adapt to field conditions.
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Table 10. Mean comparisons for some characters observed in other species.

Helianthus Plant Plant Head Main NDFP+ NDFP to
species/subspecies spreading height diameter stem to first 50%
diameter (cm) (cm) diameter flowering flowering
(cm) 2012/2013 2012/2013 (cm) 2012/2013 2012/2013
2012/2013 2012/2013
H. agrestis -/104 -/106 -/1.20 -/1.14 -[223 -[244
H. anomalus -182 -/78 -/1.40 -/1.35 -/117 -/153
H. debilis subsp. tardiflorus -/256 - - - -/125 -/160
H. deserticola - - - - -/108 -
H. exilis -/101 -/102 -/1.50 -/1.72 -/132 -/162
H. niveus 28/18 77/50 0.70/0.50 0.70/0.63  108/129 142/174
H. petiolaris subsp. fallax -/187 -/208 -13.90 -/4.06 -1127 -/169
H. petiolaris subsp. petiolaris -1107 -/124 -12.80 -/1.63 -/111 -/161
H. porteri 125/111 78/51 -/1.20 1.80/1.14 -/214 -1227
Helianthus NDFP to Flowering Seed 1000 Seed Seed
species/subspecies the end of period number seeds yield per length/
flowering days (No) per head weight plant width
(No) 2012/2013 (No) (9) (9) (mm)
2012/2013 2013 2013 2013 2013
H. agrestis 192/280 84/57 50 3.40 - 4.93/1.50
H. anomalus -/207 -/90 16 0.90 - 5.33/1.13
H. debilis subsp. tardiflorus -1273 -135 - - - -
H. deserticola - - - - - -
H. exilis -/198 -/30 49 1.70 6.20 2.50/1.16
H. niveus -/232 -142 28 1.00 - 3.76/1.30
H. petiolaris subsp. fallax -[224 -/42 212 5.30 - 4.60/2.43
H. petiolaris subsp. petiolaris -[217 -/50 182 2.10 - 4.16/5.10
H. porteri -/251 -/13 23 3.50 2.74 3.40/1.80

NDFP+: Number of days from planting
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The Physical, Chemical, Sensory Properties and Aromatic Organic Substance Profile of
Kefir Added Citrus Fruits in Different Proportions

Farkli Oranlarda Turunggil ilave Edilen Kefirin Fiziksel, Kimyasal, Duyusal ve Organik
Madde Profili
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Abstract

This study aims to increase the functionality of plain kefir by adding citrus fruits. Dry matter ratios of kefir samples
ranged from 11.04 % to 11.75 %. The addition of fruit to kefir reduced the milk-fat ratios. The pH values of kefir
samples ranged from 3.37 to 4.08 depending on fruit concentration. pH values also ranged from 3.37 to 4.08
depending on fruit concentration. Kefir samples containing grapefruit (37.5 %) had the lowest pH value (3.37)
among the kefir samples. The viscosity of kefir samples at 20 rpm and 50 rpm at sliding speed ranged from 0.42
Pa.s to 2.88 Pa.s and from 0.31 to 1.60 Pa.s, respectively. The addition of fruit to plain kefir was reduced its
viscosity. DPPH" of samples was between 1.21 and 38.93 % DPPH of samples with citrus fruit were statistically
(p<0.01) higher than that of plain kefir samples. While adding orange to plain kefir samples reduced the amount
of ethanol, adding grapefruit increased its amount, conversely. Plain kefir samples had higher acetic acid, butanoic
acid, hexanoic acid, octanoic acid, n-decanoic acid, benzoic acid, benzaldehyde, benzaldehyde (2,5 bis), silanediol
dimethyl, and benzyl alcohol ratios than that of orange, mandarin and grapefruit samples. However, the d-
limonene, 1-methyl benzene and benzene 2-ethyl-1,3-dimethyl ratios of kefir samples containing orange, mandarin
and grapefruit increased significantly compared to plain kefir. Panelists preferred orange (23 % and 37.5 %) and
mandarin (37.5 %) kefir samples more than the others. Panelists gave lower scores to grapefruit-added samples
than the other kefir samples.

Keywords: Kefir, Citrus fruits, Aromatic organic matter, Viscosity, Sensory quality

*Sorumlu Yazar/Corresponding Author: Halil ibrahim Binici, Department of Nutrition and Dietetics, Faculty of Health Sciences, Istanbul Esenyurt University,
34510 Esenyurt, istanbul, Turkey. E-mail: halilibrahimbinici@esenyurt.edu.tr OrclID: 0000-0003-3301-3994

2Cihat Ozdemir, Food Science Department, Oltu Vocational School, Ataturk University, 25400 Oltu, Erzurum, Turkey. E-mail: cozdemir@atauni.edu.tr “** OrclID:
0000-0001-9259-5360

3Salih Ozdemir, Department of Food Engineering, Faculty of Agriculture, Ataturk University,25240, Erzurum, Turkey. E-mail: ozdemirs@atauni.edu.tr “** OrclID:
0000-0001-8576-3327

Citation: Binici H. I., Ozdemir C., Ozdemir S. (2023). The physical, chemical, sensory properties and aromatic organic substance prophile of kefir to which citrus
fruits are added in different proportions. Journal of Tekirdag Agricultural Faculty, 20(4): 871-878.

©Bu galisma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisansi (https://creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yayinlanmustir. Tekirdag 2023.

871


mailto:halilibrahimbinici@esenyurt.edu.tr
https://orcid.org/0000-0003-3301-3994
mailto:cozdemir@atauni.edu.tr
https://orcid.org/0000-0001-9259-5360
mailto:ozdemirs@atauni.edu.tr
https://orcid.org/0000-0002-8576-3327
https://orcid.org
https://orcid.org
https://orcid.org

Binici & Ozdemir & Ozdemir
The Physical, Chemical, Sensory Properties and Aromatic Organic Substance Profile of Kefir Added Citrus Fruits in Different Proportions

Oz

Bu ¢alismanin amaci, kefirin islevselliginin artirilmak i¢in turunggil ilave edilmistir. Kefir drneklerinin kuru
madde oranlar1 11.04 % ile 11.75 % arasinda degismektedir. Meyve eklenmesi, kefirin siit yag1 oranlarim
azaltmistir. Kefir orneklerinin pH degerleri, meyve konsantrasyonuna bagli olarak 3.37 ile 4.08 arasinda
degismektedir. Kefir érnekleri iginde greyfurt bulunanlar (%37.5), en diisikk pH degerine (3.37) sahip olan kefir
ornekleri arasinda yer almistir. Kefir 6rneklerinin 20 rpm ve 50 rpm'deki kayma hizinda viskozitesi sirasiyla 0.42
Pa.sile 2.88 Pa.s ve 0.31 ile 1.60 Pa.s arasinda degismektedir. Meyve eklennesi, kefirin viskozitesini azaltmustir.
Orneklerin DPPH* degerleri %1.21 ile %38.93 arasinda degismektedir. Turunggiller igeren rneklerin DPPH
degerleri istatistiksel olarak (p<0.01) kefir drneklerinden daha yiiksektir. Portakal eklenen kefir 6rnekleri etanol
miktarint azaltirken, greyfurt eklenmis olan kefir drnekleri etanol miktarini artirmistir. Diiz kefir 6rnekleri,
portakal, mandalina ve greyfurt 6rneklerinden daha yiiksek asetik asit, butanoik asit, heksanoik asit, oktanoik asit,
n-dekanoik asit, benzoik asit, benzaldehit, benzaldehit (2,5 bis), silanediyol dimetil ve benzil alkol oranlarina sahip
oldugu goriilmiistiir. Bununla birlikte, portakal, mandalina ve greyfurt igeren kefir 6rneklerinin d-limonen, 1-metil
benzen ve benzen 2-etil-1,3-dimetil oranlar kefire gére 6nemli 6l¢iide artmistir. Panelistler digerlerine oranla daha
¢ok portakal (%23 ve %37.5) ve mandalina (%37.5) kefir orneklerini tercih etmistir. Panelistlerin greyfurt
eklenmis ornekleri diger kefir 6rneklerine gore daha diisiik puan vermistir.

Anahtar Kelimeler: Kefir, Citrus meyveleri, Aromatik organik madde, Viskozite, Sensor kalitesi
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1. Introduction

The word “kefir” is associated with something enjoyable that gives pleasure in Turkish language. This milk
product is made by soaking kefir grains in fresh milk and then fermenting it with alcohol and acid (Moltiva et al.,
2013).

This product is known by different names such as Kefir, Kiapur, Kanapon, Kopi or Kipi in different parts of
the World (Arslan, 2015). The origin of kefir is believed to be in the Caucasus (Ozden, 2008). Kefir production
has been popular in eastern and central Europe since the 19th century (Russia, Germany, Poland, Slovakia,
Denmark, Switzerland, Norway and Hungary) (Karatepe et al., 2012). Kefir contains lactic acid, CO2 and a small
amount of ethanol as well as aromatic substances such as acetaldehyde, acetone and diacetyl, that give kefir its
organoleptic properties (Arslan, 2005). The quality and sensory properties of kefir are affected by the type of milk
consumed, type and ratios of microorganisms present in the kefir grain, incubation period, storage temperature and
its duration (Yaygin, 1996).

Fruit juice is contains sugars, antioxidants, carotenoids, vitamins and polyphenols which are important for
human health (Nogay, 2019). Since the fruit sugar present in fruit kefir is used by the kefir microbiota, causing
their number to increase, the functional level of fruit kefir as a functional food increases. Citrus fruits have
beneficial effects on health due to their components such as ascorbic acid, folic acid, dietary fiber, pectin,
potassium, magnesium, carotenoids and flavonoids. Citrus flavonoids such as Naringin and hesperidin that are
prominent components in citrus fruits have beneficial effects on hyperglycemia, hyperlipidemia, hypertension,
inflammation and weight control. In a study conducted by Kok-Tas et al. (2013) kefir was produced with the
addition of 10 % plum and 7.5 % molasses. They found that the total antioxidant content of control, and added
kefir samples containing plum or molasses were 13.30 umol mL™?, 16.80 umol mL™ and 17.35 umol mL™*
respectively. The control sample and kefir containing dried tangerine, orange or lemon peels had total phenolic
content of 945.70 mg mL™, 2535.80 mg mL™ and 2357.60 mg mL, respectively. Dry matter, ash, oil content, pH
values and titratable acidity were in the range of 8.64-10.38 %, 0.74-0.79 %, 2.50-3.10 %, 4.15-4.33 and 0.57-0.74
%, respectively. Harmankaya et al. (2019) found that apricot kefir had the highest acidity (0.73%) at the end of the
incubation stage, and strawberry kefir and apricot kefir had the lowest pH (5.80). Apricot kefir had the highest
acidity at the end of the storage period (+4 °C).

The objective of this study was to determine the quality characteristics of kefir with various citrus fruits added
to increase its nutritional value and consumer acceptability Due to the fact that fruit kefir can attract the attention
of children and all other age groups and improve the health of consumers, this study was conducted to produce
functional kefir in order to improve dietary diversity. In this study evaluates the effect of citrus juice on the
physical, chemical and sensory quality of kefir, and it has attempted to determine whether kefir could be combined
with citrus juices. In this study, Kefirs containing citrus juices was compared to plain kefir in terms of antioxidant
capacity and aroma component differences.

2. Materials and Methods
2.1. Production of plain and fruit kefir

Citrus juices (orange, tangerine and grapefruit) were obtained in a hygienic condition. Plain kefir was made
with milk and powdered kefir grain (home kefir grain(vivo)). 1 g of powdered kefir grain was added to 1 kg of
milk at 22-25 °C and incubated for 1 day at the same temperature. The plain kefir was then refrigerated (4 °C+2
°C) for 1 day. Citrus kefir samples were made by combining 400 g plain kefir with 120 g (23 %) and 240 g (37.5
%) citrus juice (orange, tangerine and grapefruit). These kefir samples were kept in the refrigerator (4+2 °C) and
subjected to microbiological, physical and chemical analyses.

2.2. Phsical, chemical and biochemical analysis

Dry matter, ash and fat content were determined according to the methods of the Kurt et al. (2012). pH was
measured using with a pH meter(Seven Compact pH/lonmeter S220; Mettler Toledo, Switzerland) (Kurt et al.,
2012). The color analyses were done by measuring L* (brightness, 0: black, 100: white), a* (+: red, —: green) and
b* (+: yellow, —: blue) values were determined using a chroma meter (CR-300; Konica Minolta, Japan, (Karshenas
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et al., 2018). Mix viscosity was measured at 4°C using a viscometer (Model DV-II; Brookfield
EngineeringLaboratories, USA) at 20 and 50 rpm (Soukoulis et al., 2014).

The antioxidant activity was analyzed according to DPPH* radical scavenging activity. DPPH* radical
scavenging activity was determined, According to the methods modified by Binici et al. (2021). Briefly, DPPH*
solution was prepared by dissolving 39 mg of DPPH* in 100 mL ethyl alchol. Sample extracts were mixed with
0.5 mL of the DPPH* solution and adjusted to a final volume of 3 mL with ethyl alchol. After 30 minutes in the
dark, the absorbance value was measured at 517 nm. DPPH* values are calculated as a percentage. DPPH*%
radical inhibition was calculated as follows: Flavor and aroma compounds were determined according to the
modified methods of Grabarczyk and Korolczuk (2010). Briefly, 20 g was diluted from each sample with made up
30 mL of distilled water. Then, HCI was added until the pH was 2.5 and mixed for 1 hour. Samples were
centrifuged (10 min, 4000 rpm) and defatted with hexane.

2.3. Sensory analysis

Acording to Nelson and Trout (1951), kefir samples were placed in special 150 mL odor-free containers with
glass lids and presented to the panelists in a randomly coded manner at regular intervals. While the panelists were
performing sensory analysis, water was placed in 100 ml glass bottle containers to clean their mouths before
moving on to the other sample. Sensory evaluations were made by considering color and appearance, texture and
fluency, taste and aroma, and general acceptability. Sensory evaluation was performed in a spaced seating
arrangement in a room at an appropriate temperature (20+2°C). The 8 experts in the Department of Food
Engineering were selected as panelists. Each panelist was experienced, trained and informed about sensory
analysis methodology.

2.4. Statistical analysis

The data was analyzed using ANOVA procedures using SPSS (Statistical Software 10.0 for Windows, SPSS).
Significant differences between parameters were calculated using the Duncan comparison test at (p<0.05) (Pripp,
2013).

3. Results and Discussion
3.1. The results of the dry matter and pH analysis of milk and fruit juices
The results of the drymatter and pH analysis of milk and fruit juices are shown in Table 1.

Table 1. Dry matter and pH analysis of milk and fruit juices

Dry
Samples Matter pH
(%)
Milk 12.70 6.75
Orange juice 9.18 3.54
Mandarin juice 10.96 3.20
Grapefruit juice 9.18 2.88

Dry matter and pH values of milk samples were found to be 12.70 % and 6.75 %, respectively. Sahin et al.
(2014) found that the pH of the milk was between 6.55 and 6.57. Onal et al. (2021) found that the dry matter ratio
of cow milk was between 12.35-13.50 %. Our results were similar to the findings of those studies.

The results of some physical and chemical analyses of fruit kefir samples are shown in Table 2.

The dry matter ratios of kefir samples ranged from 11.04 % t011.75 %. K6k-Tas et al. (2013) determined that
the dry matter content of the control kefir sample was 11.91 % which is consistent with our findings. The addition
of fruit juice reduced the fat ratio of samples (Table 2). In our study, pH values ranged from 3.37 to 4.08 depending
on fruit concentration with lower pH values found when compared to the related study. Kefir samples containing
grapefruit 37,5 % had the lowest pH value (3.37) compared to the other. In line with our findings, Harmankaya et
al. (2019) determined that the pH level was lower in all fruit kefirs when compared to plain kefir. Ding (2008)
determined the pH level of plain kefir to be 4.26 which was higher than that of samples of our plain kefir. Uslu
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(2010) determined the pH level of plain kefir to be 4.73 while fruit kefirs had an average pH of 4.65. The pH of
plain and fruit kefir samples in this study was lower than that of Uslu (2010). It can stem from a difference in kefir
grains, incubation periods and fruits at different acidity. The pH degree found by Yilmaz et al. (2006), Giizel-
Seydim et al. (2005) and Oner et al. (2010) were higher than our findings. Garrote et al. (2001) found that the pH
levels of plain kefir samples were between 3.5 and 4.0, which is similar to our results. In a study conducted by Al
and Yildiz (2018), 3 different fruits (gojibery, blueberry and banana) were used, and the fruits used in the
production of fruit kefir. They reported that the pH of blueberry kefir samples was 4.60 which was higher than our
results.

Table 2. Some phsical and chemical analysis of fruit kefir

Kefir Dry Viscosity (Pa. Viscosity
Samples Matter Milk Fat (%) pH 5)20 (Pa. s)50 DPPH" (%)
(%) RPM RPM

Plain 112550458 320+0.14%  4.08£0.038  2.88+0.042 1.60£0.0° 1.28+0.10°
(Control)

?zrg[,‘/g)e 11.3440.78°  2.60+0.14°  3.90+0.33*  0.95£0.04°  0.64+0.03°  32.59+0.10°
8;3235 11.0440.378  2.3340.18°  3.8240.01°  0.5240.04°  027+0.01°  32.86+0.10°
Még‘f,zg'” 117550218 2.50+0.14°  3.78:020°  0.99+0.03°  0.70+0.01°  18.69+0.29°
'\é';;‘éﬁ/f)')” 11.73£023%  2.35:0.07°  3.68:0.04*  0.52:0.03°  035:0.04°  38.26:0.10°
Gr(azg‘f,z)”'t 11.73£031%  2.55:028°  3.60:028%  1.31:0.03°  0.88:0.03°  38.67+0.02%
G(gaf‘;fo;)”)'t 11.05£023%  2.30:0.14>  3.37:0.18%  0.42+0.04°  031£0.03%  3893+0.48?

Sig. ns * ns *x ** *x

Note: Data are the average of two replicates, ¢ means shown with different letters are statistically different from each other, *: p<0.05

**: p<0.01

The viscosity of kefir samples at 20 rpm and 50 rpm ranged from 0.42 Pa.s to 2.88 Pa.s and from 0.31 and to
1.60 Pa.s, respectively. The addition of fruit to plain kefir reduced its viscosity. Kok-Tas et al. (2013) who made
kefir samples found that the viscosity of samples was between 0.225 Pa.s and 0.315 Pa.s. DPPH* % of samples
ranged from 1.28 to 38.93. The addition of citrus fruits to kefir caused their antioxidant activity to increase
significantly (p< 0.01). Randazzo et al. (2016) made the fruit kefir by adding apple, grape, kivifruit, pomegranate,
prickly pear and quince. They reported that the DPPH* values of the samples ranged from 34.21 % to 94.70 %.
These values were higher than the findings of Randazzo et al. (2016) and our study results. The DPPH* radical
scavenging activities of 6 kefir samples collected from the markets were between 58.35 %-94.08 %. The findings
of Taskin (2011) were higher than that of our study results.

The aromatic matter amounts of plain and fruit kefir samples are shown in Table 3 and continuation of Table
3. The ethanol ratio of kefir samples ranged from 0.89 % to 5.67 % (Table 3). As the orange amount added to kefir
samples increased, the ethanol amount decreased, but the grapefruit addition caused the ethanol level to increase.
Randazzo et al. (2016) reported that samples of apple, grape, kiwifruit, pomegranate, prickly pear, and quince kefir
contain ethanol at 2.67 %, 4.44 %, 1.03 %, 4.96 %, 2.31 % and 4.51 % ratios, respectively. The results of Randazzo
et al. (2016) were consistent with our study results.

The acetic acid, butanoic acid, hexanoic acid, octanoic acid, n-decanoic acid, benzoic acid, benzaldehyde,
benzaldehyde (2,5 bis), silanediol dimethyl and benzyl alcohol ratio of plain kefir samples were higher than orange,
mandarin and grapefruit. The benzaldehyde content of orange juice was low as 6.3 pg L (Erdogan, 2019), so the
benzaldehyde content of the orange kefir samples was also very low. The benzaldehyde ratio decreased as the
amount of fruit added to kefir increased (Table 3). However, the d-limonene, 1-methyl benzene and benzene 2-
ethyl-1,3-dimethyl ratios of kefir samples containing orange, mandarin and grapefruit increased at a significantly
higher level than that of plain kefir (Table 3). Because a large amount (90.4 %) of the terpene compounds in orange
juice is composed of DL-limonene (Erdogan, 2019), the kefir samples containing citrus fruit had D- limonene at a
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higher ratio. Randazzo et al. (2016) found that the acetic acid ratio of fruit kefir samples ranged from 3.34 % to
9.77 %. But, we found that the acetic acid ratio of fruit kefir samples ranged between 1.81 % and 6.69 %. Randazzo
et al. (2016) discovered that the benzyl alcohol ratio of fruit kefir samples was below a detectable level, which was
consistent with our findings. Randazzo et al. (2016) found that the benzaldehyde ratio of various fruit kefir samples
ranged from 1.57 % t011.69 % which was higher than our research findings. The organoleptic analysis results of

kefir samples are shown in Table 4.

Table 3. Aromatic organic matter ratios of plain and citrus fruit kefir samples

Kefir Ethanol Aceticacid Butanoic acid He:;r(;om OC;;ZO'C decanoic Bzrgglc
0) (0) (0) 1
Samples (%) (%) (%) (%) (%) acid (%)
(%)
Plain 4.35 14.69 5.79 14.08 12.59 5.25 3.18
(Control)
Orange
(23%) 1.12 3.96 1.20 3.11 2.98 1.33 0.83
Orange
(37.5%) 0.89 1.81 0.62 1.51 1.56 0.74 0.50
Mandarin
(23%) 2.40 4,70 1.60 3.80 3.55 1.43 1.19
Mandarin 3.43 141 3.47 3.29 1.62 1.03
(37.5%) ' ' ' ' ' ' '
Grapefruit
(23%) 5.67 6.69 2.36 5.57 5.25 2.23 1.93
Grapefruit o ) 3.72 1.12 2.83 2.82 1.26 0.97
(37.5%) ' ' ' ' ' ' '
Table 3. (Continued)
Benzen
. . Benzy 1- e 2-
. Benzaldehyd Benzaldehyd Silanedi & methy! Eugeno ethyl-
Kefir . ol limonen |
e e (2,5 bis) . alcoho benzen 1,3-
Samples dimethyl % .
(%) (%) | e dimethy
(%) (%) (%)
(%) (%) I
%
Plain
(Control) 1.34 3.32 2.07 1.36 nd nd nd nd
Orange 0.47 0.99 0.90 nd 38.17 3.84 1.82 2.47
(23%)
Orange
0.44 0.54 0.41 nd 49.30 2.61 nd 2.69
(37.5%)
Mandarin
anda 0.40 0.99 0.84 nd 3964 277 nd 7.10
(23%)
Mandarin
0.69 1.01 0.64 nd 38.41 4.13 nd 3.15
(37.5%)
Grapefrun 0.71 1.48 0.73 nd 28.34 2.32 nd 3.52
(23%)
Grapefruit
0.83 0.92 1.18 nd 39.57 2.77 nd 4.88
(37.5%)
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Table 4. Sensory analysis results of Kefir samples

Kefir Color and Texture and Taste and General
Samples apperance fluency aroma acceptability
Plain 8.20 7.30 7.15 7.20
(Control)
Orange 8.25 7.20 8.10 8.30
(23%)
Orange 8.10 7.15 8.45 8.80
(37.5%)
Mandarin 7.05 6.10 7.15 7.10
(23%)
Mandarin 8.05 7.15 8.10 8.50
(37.5%)
Grapefruit 6.90 6.15 6.05 6.20
(23%)
Grapefruit 6.70 5.10 6.05 6.05
(37.5%)

Panelists favored the orange (23 % and 37.5 %) and mandarin (37.5 %) kefir samples. Panelists gave lower
score to grapefruit kefir samples than the others. Generally, all samples were found to have poor texture and fluency
scores (Table 4). Harmankaya et al. (2019) determined that panelists favored banana and plain kefir more
compared to the other samples. In this investigation, plain samples had greater texture and fluency scores than the
other samples (Table 4). Kok-Tas et al. (2014) found that fruit kefir samples had higher sensory scores than plain
kefir sample. The similar results were obtained for orange samples in this study too.

4. Conclusions

The addition of citrus fruit to plain kefir reduced the viscosity of kefir samples. Considering that the viscosity
of kefir is an important quality factor, some stabilizers can be added to kefirs containing fruits to increase their
viscosity. As orange was added to kefir samples, the ethanol level decreased, but the grapefruit addition caused
the ethanol level to increase. The addition of citrus fruit enhanced the aromatic organic matter content, but it caused
a decrease in the aromatic organic matter ratios of plain kefir. Considering the ideal aroma level of fruit and kefir,
the fruit ratio must be adjusted. As a result, 23 % orange juice and mandarin juice can be added to plain kefir. The
addition of 37.5 % citrus fruit juice significantly reduced the viscosity, so this state was not considered as a good
result.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Germination and Seedling Properties of Lotus corniculatus L. Under Simulated Drought
Stress

Simiile Edilmis Kuraklik Stresi Altinda Lotus corniculatus L.'nin Cimlenme ve Fide
Ozellikleri

Ramazan BEYAZ'
Abstract

Drought is an important abiotic stress factor that reduces agricultural production and yield in many crops, including
forage crops, in agricultural areas around the world. Lotus corniculatus L. is the agriculturally crucial perennial
legume forage crop that can tolerate moderate drought. However, studies to determine the responses of L.
corniculatus to drought are limited. Therefore, this study was carried out to determine the seed germination and
early seedling growth properties of L. corniculatus at different PEGeoo0 induced-drought treatments under in vitro
conditions. In order to do this, L. corniculatus (cv. ‘AC Langille”) seeds were planted in MS (Murashige and
Skoog/Gamborg) medium containing 0%, 4%, and 8% (w/v) PEGeono for 14 days. In this study, germination
percentage, mean germination time, germination rate index (speed of germination), shoot and root length, root to
shoot length ratio, shoot and root fresh weight, shoot and root dry weight, shoot and root dry matter ratio, root
shoot dry matter ratio, shoot and root water content and seedling vigor index parameters were measured. Our
results showed that increasing drought levels resulted in an overall significant reduction in germination and
seedling growth parameters except shortened mean germination time (especially, 4% PEGsgooo treatment) and
increased shoot and root dry matter ratio at higher (especially, 8% PEGsooo treatment) drought levels. When
important growth parameters such as length, fresh and dry weight, dry matter ratio and water content, which show
the development of root and shoot organs, are evaluated together, it has been determined that the root is negatively
affected by drought stress at a higher rate. Based on these data, it can be concluded that the L. corniculatus will
suffer a high yield loss under the drought stress at the osmotic potential (-1.03 bar) created by 8% PEGeooo treatment.
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Oz

Kuraklik, diinyadaki tarim alanlarinda yem bitkileri de dahil olmak {izere birgok iiriinde tarimsal {iretimi ve verimi
azaltan 6nemli bir abiyotik stres faktoriidiir. Lotus corniculatus L., orta derecede kurakligi tolere edebilen, tarimsal
agidan ¢ok 6nemli bir ¢ok yillik baklagil yem bitkisidir. Bununla birlikte, L. corniculatus'un kurakliga verdigi
tepkileri belirlemeye yonelik ¢alismalar sinirhidir. Bu nedenle bu g¢aligma, L. corniculatus'un farklt PEGeooo
kaynakli kuraklik uygulamalarinda in vitro kosullarda tohum ¢imlenmesi ve erken fide biiyiime 6zelliklerini
belirlemek amaciyla yapilmistir. Bunu yapmak igin L. corniculatus (cv. 'AC Langille') tohumlari, 14 giin
boyunca %0, %4 ve %8 (w/v) PEGeuo igeren MS (Murashige ve Skoog/Gamborg) ortamina ekilmistir. Bu
calismada ¢imlenme yiizdesi, ortalama ¢imlenme siiresi, ¢cimlenme orani indeksi (¢imlenme hizi), siirgiin ve kok
uzunlugu, kok siirgiin uzunlugu orani, siirgiin ve kdk yas agirligy, stirgiin ve kok kuru agirhig, siirgiin ve kok kuru
madde orani, kok siirgiin kuru madde orani, siirgiin ve kok su igerigi ve fide canlilik indeksi parametreleri
Olciilmiistiir. Sonuglar, artan kuraklik seviyelerinin, kisalan ortalama g¢gimlenme siiresi (6zellikle %4 PEGeono
uygulamasinda) ve daha yiiksek siirgiin ve kok kuru madde orani (6zellikle, %8 PEGeooo uygulamasinda) disinda
¢imlenme ve fide biiyiime parametrelerinde genel olarak 6nemli bir azalmaya yol a¢tigini gostermistir. Kok ve
siirglin organlariin gelisimini gosteren uzunluk, yas ve kuru agirlik, kuru madde orani ve su igerigi gibi 6nemli
bliylime parametreleri birlikte degerlendirildiginde, kokiin kuraklik stresinden daha yiiksek oranda olumsuz
etkilendigi tespit edilmistir. Bu verilere dayanarak, L. corniculatus'un %8 PEGeooo Uygulamasi ile olusturulan
ozmotik potansiyeldeki (-1.03 bar) kuraklik stresi altinda yiiksek verim kaybina ugrayacagi sonucuna varilabilir.

Anahtar Kelimeler: Lotus corniculatus L., Kuraklik stresi, Cimlenme, Fide 6zellikleri, in vitro
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1. Introduction

Plants are subject to a variety of biotic and abiotic pressures that may limit their ability to operate to their
highest level and jeopardize their survival (Soltanbeigi, 2019; Ahmed et al., 2022). Drought stress is one of the
most detrimental abiotic stresses that affect and lower agricultural productivity globally (Yousefi et al., 2020).
Cells' equilibrium is impacted by water stress because there is less water available in their cytoplasm. Osmotic and
oxidative stress are brought on by a cell's lack of water and harm physiological, biochemical, and molecular
functions (Martinez-Santos et al., 2021). The tactics used by plants to deal with water shortages include drought
tolerance, drought avoidance, and drought escape (Luo et al., 2020). Potentially, the most important times for water
stress in plants are germination and early seedling growth stages (Li et al., 2013). Hence, the understanding of
drought impacts on germination and early seedling growth stage is critical for crop production and productivity.
Recent studies have examined how plants respond to drought stress in terms of seed germination and seedling
growth, particularly those involving agricultural crops (Tong et al., 2021; Ahmed et al., 2022; Beyaz, 2022).

The ability to manipulate the parameters and homogeneity of the culture makes in vitro tissue culture
techniques an effective tool for investigating the responses of plants to drought stress (Murshed et al., 2015;
Martinez-Santos et al., 2021). PEG is mostly used to extract information from plants relating to drought stress.
(Meher et al., 2018). Because PEG cannot penetrate through the plant cell wall and has a higher molecular weight
than the other osmotic chemicals utilized (especially PEGeoo0). As a result, it is frequently utilized in germination
and drought research to control osmotic potential (Badr et al., 2020).

In contrast to other common forage legumes like Medicago sativa (alfalfa) and/or Trifolium repens (white
clover), the Lotus genus, native to the Mediterranean basin, is extensively distributed around the world. Its species
are suited to many different types of environmental stress and soil conditions. It is well known that L. corniculatus
L. can grow in soils that are acidic, salinous, low in fertility, and poorly drained (Striker et al., 2005). Compared
to other forages, it has been found to improve the output of meat and milk (Hunt et al., 2014). Despite all of these
significant traits, the majority of L. corniculatus L. is reportedly vulnerable to drought (Bao et al., 2014; Unliisoy
et al., 2022). However, there are limited reports on the effects of drought on seed germination and early growth
stage of Lotus corniculatus. Therefore, this study was conducted to examine the germination and early growth
stage responses of Lotus corniculatus L. to PEGeooo-induced drought stress under in vitro conditions.

2. Materials and Methods
2.1. Plant Material

In this study, the seeds of the Lotus corniculatus L. cultivar ‘AC Langille’, harvested in 2012 and supplied by Utah
State University, Plants, Soils and Climate Department, were used as plant material. A cultivar of birdsfoot trefoil
(Lotus corniculatus L.) called ‘AC Langille’ was created by Agriculture and Agri-Food Canada’s Nappan Research
Farm. Two cycles of mass selection for winter hardiness and one cycle of mass selection for seedling vigor were used
to generate it. The initial material was six unique germplasms chosen from the cultivar ‘Leo’ and made available by
the University of Guelph's Crop Science Department (Papadopoulos et al., 1998).

2.2. Plant Tissue Culture and Drought Treatments

The growth medium, standard Murashige and Skoog/Gamborg (Plant Media, USA) (Gamborg et al. 1968),
contained 3% sucrose (Research Product International, USA) and 0.25% phytagel (Plant Media, USA). Before
autoclaving at 121 °C, 7.25 psia for 20 minutes, the pH of the medium was set to 5.7. Lotus corniculatus seeds were
surface sterilized in 50% commercial bleach (Clorox-USA, containing 8.25% sodium hypochlorite) in which 1 drop
of Tween-20 (Acros Organics) was added for 20 minutes and then rinsed 3 times with distilled water. For drought
stress, seeds were sown on standard MS medium with 4% and 8% wi/v PEGeoo. According to Michel and Kaufmann
(1973), the osmotic potential created by 4% wi/v PEGeoo is -0.36 bar, and the osmotic potential created by 8% wiv
PEGeo0o iS -1.03 bar. Germination of seeds and subsequent seedling growth were carried out at 25+1 °C under white
fluorescent lamps at an intensity of 30 pmol m2 s™* (PAR) in a photoperiod of 16 h light and 8 h dark.
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2.3. Germination Experiment and Morphological Observations

When the growing radicle lengthened to 2 mm, the seed was considered germinated. Starting on the 9" day, the
number of germinations was noted every 24 hours (ISTA, 2003). Mean germination time (MGT) was calculated
according to Ellis and Roberts (1980).

MGT = YDn/Y.D, where n is the number of freshly germinated seeds on day D, and D is the number of days since
the start of the experiment. (Eq. 1)

The percentage of seeds that germinated after being exposed to drought stress were estimated using the equation:
Germination percentage (GP) = (Number of germinating seeds/ Total number of seeds) x 100
(Al-Enezi et al., 2012) (Eq. 2)

Morphological observations (shoot and root length -cm-; fresh and dry weight -mg per plant-) were made on the
seedlings that developed 14 days after the start of the experiment (Figure 1.). Dry weights were calculated after samples
were dried in an oven (VWR Scientific Inc., USA) at 70°C for 48 hours (Beyaz et al., 2011). Water content (WC), dry
matter (%) (DM) and vigor index (V1) were calculated according to the following formulas, respectively:

Water content (WC) = (fresh weight — dry weight)/fresh weight x 100 (Zheng et al., 2008) (Eq. 3)

Dry matter (DM) = (dry weight/fresh weight) x 100 (Bresetal., 2022) (Eq. 4)
Vigor index (VI) = (average root length + average hypocotyl length) x germination percentage (GP)

(Abdul-Baki and Anderson, 1973) (Eq. 5)

Germination rate was expressed as the germination rate index (GRI) according to Maguire (1962):

GRI = X No of Germinated Seeds/Z No of Days (Eq. 6)

Figure 1. 14-days-old L. corniculatus (cv. ‘AC Langille’) seedlings at different PEGsoo treatments under in
vitro conditions. A) 0% PEGeooo; B) 4% PEGeooo; E) 8% (w/v) PEGsooo
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2.4, Statistical Analysis

The data collected were analyzed using a one-way Analysis of Variance (ANOVA) in the statistical software
package SPSS 22. This analysis aimed to evaluate whether the treatments had a significant impact on the observed
parameters. The statistical significance of the means was assessed using the Duncan Multiple Range Test (DMRT) at
a significance level of P<0.05. Before statistical analysis, the data in percentages were transformed using Arcsine
transformation (Snedecor and Cochran 1967).

3. Results and Discussion

Lotus corniculatus cv. AC Langille's germination percentage, mean germination time, and germination rate
index (speed of germination) were all significantly (P<0.01) impacted by PEG-induced drought stress (Figure 2A-
2B-2C). The control had the highest percentage of seeds that germinated (73.33%), whereas the 8% PEGeooo
treatment had the lowest percentage of seeds that germinated (35.00%). The 4% PEGgooo treatment had the fastest
mean germination time (6.05 days), which was followed by the 8% PEGsoqo treatment (6.67 days), and the control
(6.68 days). The highest germination rate index (speed of germination) value was obtained with 11.78% in the
control group, and the lowest value with 6.22% was obtained in 8% PEGegooo treatment. Overall, germination
percentage was reduced by 45.45% and 52.27% under 4% PEGegooo and 8% PEGeooo treatments, respectively. The
mean germination time was shortened by 9.43% and 0.14% under 4% PEGeooo and 8% PEGeooo treatment
treatments, respectively. As compared to control, germination rate index (speed of germination) was reduced by
23.17% under 4% PEGsgoo0, and 47.19% under 8% PEGeooo treatments. The PEGsogo-induced drought conditions
also had an impact on shoot and root length (Figure 2D). Under control, 4% PEGeooo, and 8% PEGsogo treatments,
the shoot length was observed at 2.22cm, 2.10cm, and 1.16¢cm, respectively. Root lenght was recorded at 4.92cm,
3.50cm and 2cm under control, 4% PEGeooo and 8% PEGeooo treatments, respectively. The root to shoot ratio
recorded 2.21%, 1.97% and 1.73% in control, 4% PEG and 8% PEG treatments, respectively (Figure 2E). Shoot
lenght was reduced by 5.40% under 4% PEGeooo treatment, and 47.74% under 8% PEGeooo treatment, in
comparison with control. For root lenght, 28.86% and 59.34% reduction was noticed under 4% PEGgooo and 8%
PEGeoootreatments, respectively, as compared with control. The root to shoot ratio was reduced by 10.85% under
4% PEGgooo treatment, and 20.81% under 8% PEGgooo treatment, in comparison with control. Under conditions of
drought brought on by the PEGeooo treatments, the shoot fresh weight, root fresh weight, the shoot dry weight, and
root dry weight of L. corniculatus seedlings was considerably impacted (Figure 2F-2G). The control group
recorded the highest fresh weight of shoot (0.043 mg) and root (0.072 mg), whereas 8% PEGeooo treatment yielded
the lowest fresh weight of shoot (0.014 mg) and root (0.010 mg). Similar to this, the control group had the highest
dry weights of the shoot (0.0046 mg) and root (0.0028 mg), while 8% PEGsogo treatment had the lowest dry weights
of the shoot (0.0033 mg) and root (0.0019 mg). The highest reduction in fresh weight of shoot and root by 67.44%
and 86.11%, and dry weight of shoot and root by 28.26% and 32.14%, respectively, was seen under 8% PEGgono
treatment, on average, compared to control. Shoot and root dry matter ratio was also influenced (P<0.01) by the
drought treatments (Figure 2H). The highest dry matter of shoot (23.27%) and root (19.28%) was obtained in 8%
PEGeooo While the lowest dry matter of shoot (10.67%) and root (4.16%) was measured under control. Overall,
drought stress increased the shoot dry matter ratio by 40.48% and 118.08% while the root dry matter ratio by
90.86 % and 363.46% under 4% PEGgoo and 8% PEGeooo treatments, respectively. Under conditions of drought
brought on by the PEG treatments, the root to shoot dry matter ratio of L. corniculatus seedlings was considerably
(P<0.01) impacted (Figure 2I). In terms of root to shoot dry matter ratio, 8% PEGeooo had the highest value (0.82%),
followed by 4% PEGeooo With a value of 0.54% and control with a value of 0.38%. The root to shoot dry matter
ratio increased gradually from 42.10% under 4% PEGgooo to 118.75% under 8% PEGeooo treatment. Water content
of shoot and root was also influenced (P<0.01) by the drought treatments (Figure 2J). The highest water content
of shoot (89.32%) and root (95.83%) was obtained in control while the lowest dry matter of shoot (76.72%) and
root (80.71%) was measured under 8% PEGegooo. When treated with 4% PEGeooo and 8% PEGeono, respectively,
water contents of shoot and root showed reductions of 4.83% and 3.94% and 14.10% and 15.77%. Similarly, PEG
treatment had an impact on L. corniculatus's seedling vigor index (Figure 2K). PEGeono treatments caused a
significant (P<0.01) reduction of seedling vigor index. The highest seedling vigor index value was obtained from
the control group with 525.6, followed by 196 with 4% PEGegono treatment and 127.22 with 8% PEGeoqo treatment,
respectively. Under treatments with 4% PEGegooo and 8% PEGeono, it dropped by 67.70% and 75.79%, respectively.
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Figure 2. The effect of different levels (0% PEGeooo, 4% PEGeooo, and 8% PEGeooo) of the simulated
drought stress on germination percentage, mean germination time, germination rate index, shoot and root
length, root shoot length ratio, shoot and root fresh weight, shoot and root dry matter, root shoot dry matter

ratio, shoot and root water content, and seedling vigor index of 14-days-old L. corniculatus seedling. **:
P<0.01; *: P<0.05.

A significant abiotic factor that significantly reduces crop productivity in the world's arid and semi-arid regions
is drought stress. Drought or a water shortage affects germination, which in turn lowers seedling emergence and
stops plants from growing further. Successful crop establishment in semi-arid regions mostly depends on good and
quick seed germination, which is closely related to seeds' ability to even sprout in the presence of water shortages
(Khan et al., 2019). The results of this investigation showed that the growing drought stress steadily hindered
(52.27% compared to control with 8% PEGsooo treatment) L. corniculatus seed germination (Figure 2A). Water
stress may cause a decrease in the percentage of seeds that germinate because it makes water less permeable
through the seed coat and causes seeds to absorb less water initiall (Turk et al., 2004; Bahrami et al., 2012). Similar
to the results of this study, it was reported that germination percentage decreased due to increasing drought stress
(PEGso0o-induced) in other legumes such as sainfoin, alfalfa and white clover (Wang et al., 2009; Hamidi and
Safarnejad, 2010; Li et al., 2013; Demiroglu-Topgu and Ozkan, 2016; Bigake! et al., 2020; Tong et al., 2021).
However, our results highlighted that drought treatments (especially, 4% PEG6oqo) resulted in shortening of mean
germination time (Figure 2B). Slow germination and slow establishment are a serious problem for L. corniculatus.
Therefore, researchers try to increase fast of germination of L. corniculatus with using some priming techniques.
Using PEGeono is one of these priming techniques. Aydinoglu (2019) reported that the negative effect of drought
stress on germination in some forage crops can be reduced by PEGeooo priming. However, Jia et al. (2020) noted
that a low concentration PEG solution can be employed as an osmotic regulator to control the level and status of
water absorption in cells. This can stabilize water absorption in seeds, which will increase their germination and
tidy rate. Therefore, it can be interpreted that the concentration of 4% PEGeooo treatment makes a positive
contribution to the seed germination rate of L. corniculatus due to the osmotic potential it creates. However, the
mechanism that allows this situation needs to be clarified with more detailed studies (such as physiological,
biochemical and molecular). Drought stress influenced the germination rate index (speed of germination) of L.
corniculatus. The germination rate index (speed of germination) decreased most significantly due to increased
PEGeooo treatments (Figure 2C). As the concentration of the PEG solution increased, the germination of L.
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corniculatus seeds was also inhibited, according to the study's findings. This could be because low water potential
or high osmotic pressure made it difficult for seeds to absorb water during their initial stages of germination, which
prevented seeds from germinating normally (Lamia et al., 2012). This show that the negative osmotic effect of
PEG on germination, which is in agreement with earlier studies in white clover (Hou and Ma, 2022), sesame
(Ahmed et al., 2022), and desert plants (Yousefi et al., 2020). Shoot and root lenght, root shoot ratio, shoot and
root fresh weight, shoot and root dry weight parameters are important seedling growth characteristics of seedling
establishment. Drought exposure resulted in lower root length, shoot length, root shoot ratio, root and shoot fresh
and dry weight at all tested stress levels (Figure 2D-2E-2F-2G). Similar findings were made in earlier studies by
Ahmed et al. (2022), who found that lower osmatic potential during drought conditions had a negative impact on
seedling characteristics of sesame. When lenght, fersh and dry weight were evaluated together for shoot and root
organs, it was determined that the highest decrease for lenght and dry weight was in the root under drought stress,
however, the highest decrease in fresh weight was in the shoot. It can be interpreted that the further decrease in
the lenght and dry weight parameters of the root organ may have occurred because it is the first and harder organ
to be exposed to the stress factor. However, the fact that the decrease in fresh weight is less can be interpreted as
the fact that the root organ has a higher water content compared to the shoot (Figure 2J). Furthermore, the variation
in length and fresh and dry weight of shoots and roots could be caused by two factors: (1) impaired cell division
and elongation, which eventually slowed down plant growth; and (2) damage from dehydration to the meristem
cells of the root and shoot, which interfered with cell division and elongation (Ahmed et al., 2022). A functional
balance of growth is provided by the biomass partitioning of roots and shoot growth. Root growth depends on the
availability of photosynthates from the shoot, but shoot growth depends on the water absorbed from the root. When
under drought stress, stored photosynthates are transferred to the root, allowing it to grow and expand in search of
soil water when shoot expansion becomes constrained. The name "Water Spenders" refers to plants that have
adapted morphologically to avoid drought stress by increasing root depth, root to shoot ratio, and maintaining
water potential above that of the environment (Farooq et al., 2009; Farooq et al., 2012; Bodner et al., 2015;
Dissanayake et al., 2019). Therefore, it can be seen as an adaptation developed by this plant so that it can withstand
the stress factor more strongly. These findings support earlier research by Hamidi and Safarnejad (2010),
Demiroglu-Topgu and Ozkan (2016), Beyaz (2022) and Ahmed et al., (2022) who found significant decreases in
growth paramaters of alfalfa, sainfoin, common vetch and sesame under PEGeoo induced drought stress. The
partitioning of dry matter (DM) in plants is closely correlated with crop productivity during drought stress (Rauf
and Sadagat, 2007). PEGeooo0 induced-drought stress significantly increased dry matter ratio of shoot and root of L.
corniculatus seedlings (Figure 2H). The results revealed that this increase was greater in the root (363.46%) than
in the shoot (118.08%) at the highest PEGeo0o (8%) treatment. However, this increase is indicated by root shoot
dry matter ratio (Figure 21). Similar to the research findings, Beyaz (2022) reported that in vitro PEGgooo drought
treatment (10%) caused an increase in dry matter ratio in both shoot and root organs of common vetch, and this
increase was more in the root. A decrease in water content and disruption to cellular membranes, which aid the
body in coping with abiotic stresses such as drought, are the primary impacts of stress (Zhou et al., 2012).
According to the results of the research, drought treatments caused a decrease in both shoot and root organ water
content (Figure 2J). This decrease was greater at the root (15.77%) under highest PEG treatment, in comparison
with control. Meher et al. (2018) stated that with an increase in PEGgoo0 concentrations (5%, 10%, 15%, and 20%),
relative water content (RWC) dramatically decreased in both leaves and roots of peanut. Seed vigor, a crucial
indicator of seed quality, assesses the likelihood of rapid and uniform plant emergence (Yousef et al., 2020).
Drought stress has an inhibiting influence on the seedling vigor index in the current investigation (Figure 2K). In
this study, the calculation of seedling vigor index was made by considering seed germination, shoot and root length.
Therefore, the sharp decrease in these parameters caused by drought stress also affected seedling vigor index. A
very significant loss of 75.79% occurred in seedling vigor index of L. corniculatus cultivar AC Langille with 8%
PEGeooo treatment. The findings of present study are in agreement with the results of Ahmed et al. (2022), Badr et
al. (2020), Yousef et al. (2020), and Hou and Ma (2022) who reported the PEGgono-induced drought stress caused
a decrease in seedling vigor index.

4. Conclusions

In nutshell, PEGeoo induced-drought stress significantly inhibited germination and seedling growth of Lotus
corniculatus cultivar 'AC Langille’. When seed germination parameters (germination percentage+germination rate
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index) were evaluated cumulatively and their means were calculated, 8% PEGgooo treatment caused a 49.73% decrease.
On the other hand, in the 4% PEGeono treatment, a 9.43% shortening of the mean germination time occurred, most
likely due to the low dose effect. When the above-ground parameters (lenght+fresh and dry weight+ water content of
shoot) were evaluated cumulatively and their means were calculated, 8% PEGeooo treatment caused a decrease of
37.69%. However, when the below-ground parameters (lenght+fresh and dry weight+water content of root) were
evaluated cumulatively and their means were calculated, 8% PEGeooo treatment caused a decrease of 47.37%. On the
other hand, the above-ground dry matter ratio increased by 118.08% and the below-ground dry matter ratio increased
by 363.46%. Additionally, L. corniculatus has lost 75.79% of its seedling vigor index under 8% PEGggoo treatment.
Therefore, in the light of these data, it is seen that the L. corniculatus will suffer a high yield loss under the drought
stress at the osmotic potential (-1.03 bar) created by 8% PEGeogo treatment. In future studies, it is recommended that
the germination and initial seedling growth stage of salt stress, which is defined as a sister to drought stress in nature,
should be tested to determine the L. corniculatus responses, which are stated to be sensitive to salinity.
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InDel Variations of PRL and GHR Genes Associated with Litter Size in Pirlak sheep
breed*

Pirlak Koyun Irkinda Bir Batinda Dogan Yavru Sayist ile Iliskili PRL ve BHR Genlerindeki
inDel Varyasyonlar*

Sude ATAY?, Kadriye Gul YURDAGUL?, Umit BILGINER?, Taki KARSLI*, Eymen DEMIR®"
Abstract

Numerous molecular genotyping methods are available to analyse local livestock populations at molecular level
in which traditional Polymerase Chain Reaction (PCR) guided by specific oligonucleotides is a fast and cost-
effective method to investigate single genes. Until today, many genes which are of major effects on litter size have
been reported in sheep. Genetic variations in these genes shaping the expression profile at DNA level may lead to
differences in litter size among the sheep breeds. This is the first attempt to investigate insertion/deletion (inDel)
variations in Prolactin (PRL) intron 2 and Growth Hormone Receptor (GHR) intron 3 and intron 4 genes in Pirlak
sheep breed via traditional PCR technique. A total of 100 unrelated animals sampled from representative herds
reared in Antalya were genotyped based on absence/presence of 23 base pairs (bp) length inDel in which three
genotypes (l1, ID, and DD) were detected in all loci. I and D allele frequency were 0.421 and 0.579, respectively
in terms of PRL-intron 2 locus. I / D allele frequencies were found as 0.599 / 0.401 and 0.372 / 0.628 in GHR
intron 3 and intron 4, respectively. The lowest Il (0.181) and DD (0.177) genotype frequencies were detected in
GHR-intron 4 and GHR-intron 3 loci, respectively. The lowest (0.177 for DD) and highest (0.448 for ID) genotype
frequencies were detected in GHR intron 3 locus across the population. Significant deviation from Hardy-
Weinberg Equilibrium (HWE) was detected only in PRL-intron 2 locus. The results of the present study confirm
that Pirlak breed conserves sufficient genetic variation in PRL and GHR gene regions which could be utilized in
selection strategies in order to increase litter size in the future.
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Oz

Ciftlik hayvani populasyonlariin molekiiler seviyede analiz edilmesine olanak saglayan ¢ok sayida molekiiler
genotipleme yontemleri bulunmakla birlikte 6zgiin oligoniikleotidlerle yonlendirilmis geleneksel Polimeraz Zincir
Reaksiyonu (PZR) tekli genlerin incelenmesinde kullanilan hizli ve uygun maliyetli bir tekniktir. Gliniimiize kadar
koyunlarda bir batinda dogan yavru sayisi {izerine major etkileri olan ¢ok sayida gen bildirilmistir. DNA
seviyesinde ekspresyon profilini sekillendiren bu genlerdeki varyasyonlar koyun irklarimda bir batinda dogan
yavru sayisinda farkliliklarin gériilmesine neden olabilmektedir. Bu ¢alisma Pirlak koyun irkinda Prolaktin (PRL)
intron 2 ve Biiyiime Hormonu Reseptorii (BHR) intron 3 ve intron 4 gen bolgelerindeki insersiyon/delesyon (inDel)
varyasyonlarinin geleneksel PZR yontemiyle incelendigi ilk aragtirmadir. Antalya’da yetistirilen, 1rki temsil eden
ve birbiriyle akraba olmayan toplam 100 hayvan 23 baz ¢ifti (b¢) uzunlugundaki inDel’in varligi/yokluguna gore
genotiplendirilmis ve biitiin varyasyonlar bakimindan ii¢ farkli genotip (II, ID ve DD) tespit edilmistir. PRL-intron
2 lokusunda 1 ve D allel frekansi sirasiyla 0.421 ve 0.579 olarak bulunmustur. BHR-intron 3 ve intron 4
lokuslarindaki I/ D allel frekanslari sirastyla 0.599 /0.401 ve 0.372 / 0.628 olarak bulunmustur. En diisiik 1T (0.181)
ve DD (0.177) genotip frekansi sirasiyla BHR-intron 4 ve BHR-intron 3 lokusunda belirlenmistir. Populasyon
seviyesinde en diisiik (DD i¢in 0.177) ve en yiiksek (ID igin 0.448) genotip frekasnlar1 BHR intron 3 lokusunda
tespit edilmistir. Sadece PRL-intron 2 lokusunda Hardy-Weinberg (HWD) dengesinden 6nemli sapma tespit
edilmistir. Bu ¢caligmanin sonuglar1 Pirlak irkinin PRL ve BHR gen bdlgeleri bakimindan yeterli seviyede genetik
varyasyona sahip oldugunu ve bunun gelecekte bir batinda dogan yavru sayisini arttirmak i¢in yapilacak seleksiyon
stratejilerinde kullanilabilecegini gostermistir.

Anahtar Kelimeler: Delesyon, Insersiyon, Bir batinda dogan yavru sayisi, Coklu dogum, PZR
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1. Introduction

Small ruminant breeding is of significant potential to effectively utilise the lands which are not suitable for
crop production. Since the meadows and pastures of Tiirkiye are more suitable for small ruminants rather than
cattle (Sisman et al., 2009), sheep rearing is commonly practiced by smallholder farmers (Ertugrul et al., 2009).
Official data reported in 2023 indicates that approximately 45 million sheep most of which are native breeds and
their crossbreeds are reared in Tiirkiye (Anonymous, 2023). Sheep rearing plays an important role in meeting
demands for beef in Tiirkiye (Kocaman and Giinal, 2007). Therefore, commercial companies prefer to rear sheep
breeds famous for multiple birth traits as well as conducting selection practices in order to increase litter size. In
this regard, Pirlak is increasingly preferred in Tiirkiye due to its advantages characteristics such as high adaptation
ability, milk yield, as well as litter size. As highlighted by the General Directorate of Agricultural Research and
Policies of Tiirkiye (GDARP) in 2009, possessing thin-tailed phenotype, Pirlak is reared for dual purposes mainly
in Burdur, Isparta and Antalya provinces (Ozgelik and Bayram, 2012; Celikeloglu et al., 2018). There are several
studies in the literature indicating that Pirlak is derived from crossbreeding studies between Daglic and Kivircik
breeds (Koyuncu et al., 2005; Ozgelik and Bayram 2012; Celikeloglu et al., 2018).

Being one of the most important reproductive traits, litter size is of the importance for farm animals such as
sheep to survive as well as making contribution to incomes of farmers (Karsli et al., 2012; Tao et al., 2021).
Advances in feeding techniques, biotechnology, and molecular genetics have created several alternatives for
farmers to improve litter size trait in local sheep breeds. For example, Koyuncu and Canbolat (2009), revealed that
energy supplementation at pre-mating (21-day) could increase litter size in Kivircik sheep breed. Similarly, Cam
and Kuran (2004), studied the effects of single injection of hCG and GnRH at post-mating (12-day) on litter size
in Karayaka and Karayayaka x Sakiz F2 crossbreds in which more twins birth was reported in test group than
control group. Although feeding and biotechnological applications could increase litter size in a given sheep
population, it may be neither practical nor affordable for smallholder farmers. Multiple births supported by feeding
and biotechnological applications are not inherited to the next generations and should be repeated for each mating
season due to the nature of quantitative traits including litter size. Indeed, as highlighted by Karsli and Balcioglu
(2010), litter size is a complex trait which is influenced by numerous environmental factors and controlled by
polygenes. This complexity has been forcing scientists to detect genomic regions having minor and major effects
on litter size in sheep. Indeed, numerous genomic regions have been reported to influence litter size in sheep
(Karsli and Balcioglu et al., 2010; Karsli et al., 2012). Bone Morphogenetic Protein Receptor 1B (BMPR-IB) region
containing Fecundity Booroola (FecB) mutation was reported to be associated with litter size in sheep for the first
time (Davis et al., 1982). Since then, scientific efforts making use of developing molecular genotyping methods
have yielded numerous gene regions such as Growth Differentiation Factor 9 (GDF9) (Hanrahan et al., 2004),
BMP15 (Bodin et al., 2007), Histone Cell Cycle Regulator (HIRA) (Zhou et al., 2018), Thyroid Stimulating
Hormone Receptor (TSHR) (Tao et al., 2021), Neurotrophic Receptor Tyrosine Kinase 2 (NTRK2) (Esmaeili-Fard
et al., 2021), etc., which are of minor and/or major effects on litter size in sheep. Among litter size-associated
genes, PRL which is located on chromosome 20 with five exons and four introns in the sheep genome, is known
to encode prolactin hormone (Al-Thuwaini, 2021). Being an anterior pituitary peptide hormone, PRL plays a key
role in many endocrine activities to maintain reproduction in mammals (Ran et al., 2011). The GHR gene, on the
other hand, encodes a protein called growth hormone receptor which affects follicular growth by stimulating
Insulin-like Growth Factor 1 (IGF-1) gene (Ghiasi and Abdollahi-Arpanahi, 2021). Genetic variations in
reproduction-related genes may lead to different amino acid syntheses as well as affect expression profiles at DNA
level. Of these genetic variations, insertion and deletion define the acquisition and loss of different numbers of
nucleotides in a given sequence, respectively. InDels are of potential to cause different variations across the
genome by causing small frameshift mutations, radically altering genes, changing the binding and splicing sites of
the genes as well as disrupting other genomic regions (Narzisi and Schatz, 2015).

Variations in the genomic regions related to litter size allow farmers to improve selection strategies in which
animals with desired genotype are used for mating programs (Demir et al., 2022). Also known as Marker Assisted
Selection (MAS), this kind of selection is of possibility to increase the frequency of the desired genotype by which
litter size are increased from one generation to another. Indeed, a recent study showed that the variations caused
by inDel in PRL and GHR genes are responsible for litter size in Australian White sheep breed (Akhatayeva et al.,
2020). Moreover, the authors stressed that these variations could be utilized to improve reproductive traits in sheep
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breeds via MAS. Hence, this study aims to detect inDel variations in PRL and GHR genes in Pirlak sheep breed
for the first time. In this regard, the objective of the current study is to assess for the first time genetic variations
of Pirlak sheep in terms of PRL and GHR genes which were previously reported to be associated with litter size in
different sheep breeds. Additionally, in case of the detection of advantages genotypes, it is aimed to evaluate the
usefulness of these genes in further MAS studies to increase litter size in Pirlak sheep.

2. Materials and Methods
2.1. Sample Collection and DNA Extraction

A total of 100 female animals belonging to Pirlak breed were randomly chosen from five representative herds
reared in Antalya province. Blood samples were collected from jugular vein into vacutainer tubes containing EDTA
solution as an anticoagulant and stored at -20 °C till DNA extraction was performed. DNA was extracted from whole
blood samples via a salting-out method reported by Miller et al. (1988). DNA quality and quantity were checked by
both 1% agarose gel electrophoresis and spectrophotometer (NanoDrop-SD 1000). DNA concentration was optimised
at 50 ng pL* for PCR amplification.

2.1. PCR Amplification and Genotyping

In this study, a total of three primer sets (Table 1) were used to amplify PRL intron 2 GHR intron 3, and intron 4
regions.

Table 1. An overview of primer sequence of PRL and GHR gene polymorphisms

Gene  Locus InDel Type Primer Sequence (5°-3°) Tm (°C) Reference

. F: GGGAAGGGAAGAGAAACAGAGG
PRL Intron 2 Insertion R: GCTTGTAGGGTGGAACACTGA 60-59.9

. F: TGCTGTATGGCCCCTCTAGTA Akhatayeva et
GHR Intron 3 Deletion R: CTAAAGAGTTTCCCCAGTCCCE 0880 a1 2020
GHR Intron 4 Deletion F: GCTTCTTGCCCAACCCAATG 60

R: CTGGGCAGTGGAGGAGAAAG

PRL: Prolactin; GHR: Growth hormone receptor; F: Forward primer; R: Reverse primer; Tm: Annealing temperature.

As reported by Akhatayeva et al. (2020), the genetic variations in these genomic regions occurred due to a 23 bp
length of inDel variations. Therefore, traditional PCR was preferred to genotype the individuals. PCR was performed
in 50 pL reaction volume with 50 ng template DNA, 5 pL 10X reaction buffer, 0.6 mM dNTPs, 2,5 mM MgCl,,10
pM of each primer, 1 U of Tag DNA polymerase (GeNet Bio, Korea) and 31.25 pL nuclease-free water. PCR
amplification was carried out in initial denaturation at 94 °C for 10 min, followed by 31 cycles at 94 °C for 40 s, at
60 °C for 40 s and at 72 °C for 40 s. The final extension was applied at 72 °C for 10 min. All PCR products were
separated on 3.5% agarose gel in order to genotype individuals as follows |1, ID and DD based on the presence or
absence of the PCR fragments.

2.2. Statistical Analysis

GenAlEx software (Peakall and Smouse, 2012) was used to calculate allele and genotype frequencies and to test
HWE via chi-square (2) approach.

3. Results and Discussion

While some samples (5 samples in PRL-intron 2 locus, 4 samples in GHR-intron 3 locus, and 6 samples in GHR-
intron 4 locus) were removed from the analyses due to failures that occurred in DNA isolation and PCR amplification
stages, three genomic regions belonging to PRL (intron 2) and GHR (intron 3 and 4) turned out to be polymorphic
yielding three genotypes such as Il, ID and DD in Pirlak breed (Figure 1). I allele frequency varied between 0.372
(GHR-intron 4) and 0.599 (GHR-intron 3), whereas D allele frequency ranged from 0.401 (GHR-intron 3) to 0.628
(GHR-intron 4) (Table 2). Comparatively Il genotype frequency was low in terms of PRL-intron 2 (0.232) and GHR-
intron 4 (0.181), DD genotype was detected at lowest frequency in GHR-intron 3 polymorphisms. GHR gene region
was at the HWE, whereas a significant deviation from HWE was detected in PRL polymorphism (Table 2). Selection
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practices on multiple birth traits over generations could significantly change allele frequencies leading to deviation
from HWE in Pirlak population.

(b) ©

300 bp
200 bp

IDDID II DD ID DD ID DD

100 bp

Figure 1. Agarose gel image of (a) PRL-intron 2 (M1: 100 bp ladder, ID: 87 and 110 bp, DD: 87 bp and I1:
110 bp), (b) GHR-intron 3 (M2: 50 bp ladder, ID: 260 and 283 bp, DD: 260 bp and 11: 283 bp) and (c)
GHR-intron 4 ((M1: 100 bp ladder, ID: 238 and 261 bp, DD: 238 bp and 11: 261 bp) polymorphisms.

Table 2. Allele and genotype frequency of PRL and GHR indels in Pirlak

. Allele Frequency Genotype Frequency )
Gene Region n I D T D oD X
PRL Intron 2 95 0.421 0.579 0.232 0.379 0.389 *
GHR Intron 3 96 0.599 0.401 0.375 0.448 0.177 ns
GHR Intron 4 94 0.372 0.628 0.181 0.383 0.436 ns

PRL: Prolactin; GHR: Growth hormone receptor; n: Number of samples; *: Significant deviation from HWE (p<0.05), ns:
Non-significant deviation from HWE.

The same InDel variation of PRL intron 2 locus was also studied in Australian White and Luxi Blackhead sheep
breeds (Akhatayeva et al., 2020; Mao et al., 2021). Akhatayeva et al. (2020), highlighted that animals with the DD
genotype showed superior values in terms of the first parity litter size. In this study, the DD genotype frequency in
Pirlak sheep (0.389) was higher than the values reported in Australian White (0.107) and Luxi Blackhead (0.326) sheep
breeds (Akhatayeva et al., 2020; Mao et al., 2021). On the contrary, Akhatayeva et al. (2020), confirmed that animals
with the Il genotype showed superior values of first parity litter size in terms of the GHR intron 3 and intron 4 loci.
The 1l genotype frequencies for GHR intron 3 and intron 4 were lower in Pirlak sheep (0.375-0.181) compared to
Australian White breed (0.378-0.287). Unfortunately, no previous studies focusing on revealing genetic variations of
PRL and GHR genes in Pirlak breed are available in the literature. Moreover, while few similar studies in other native
Turkish sheep breeds were available in terms of the PRL gene, no studies were detected for the GHR gene. For example,
Ozmen and Kul (2016) investigated Single Nucleotide Polymorphisms (SNPs) in PRL intron 2 across three native
sheep breeds namely Sakiz, Akkaraman, and Awassi. The authors detected two alleles (A and B) and three genotypes
(AA, AB, and BB) in which A was the most frequent allele (0.77) in Sakiz, whereas the frequency of B allele was
higher in Akkaraman (0.85) and Awassi sheep (0.77). Ozmen et al., (2011) sequenced PRL receptor intron 1 and exon
10 loci in three native Turkish sheep breeds (Chios, White Karaman, and Awassi) in which 6 and 7 different haplotypes
were reported for intron 1 and exon 10, respectively. The authors highlighted that White Karaman and Awassi were
similar to each other in terms of PRL receptor intron 1 and exon 10, whereas Chios had unique variations.

Except for PRL and GHR, numerous genes (AA-NAT, GDF9, PRLR, BMP15, BMPR-1B, PRL) were previously
studied in other native Turkish sheep breeds rather than Pirlak sheep (Karsli and Balcioglu, 2010; Karsli et al., 2011;
Ozmen et al., 2011; Oner et al., 2014; Ozmen and Kul, 2016; Al-Anbari et al., 2018; Kirikci et al., 2021). Both the
present research and previous studies evidenced that native Turkish sheep breeds conserve a considerable genetic
variation in terms of litter size-related genes. On the other hand, the number of studies is still scarce, and more scientific
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studies focusing on different genes associated with reproduction traits are required in Pirlak as well as other native
Turkish cattle breeds in order to obtain deeper results which could be used to improve selection strategies.

4. Conclusions

Genetic variations, which were previously reported to be associated with litter size in sheep and caused by 23 bp
length of inDel in PRL and GHR genes, were assessed in Pirlak breed for the first time. These gene regions were highly
polymorphic conserving all the possible genotypes including I, ID and DD. Priority should be given to conserve of
these variations not only for animals to survive but also for farmers to improve selection strategies in terms of
reproductive traits such as litter size. However, Pirlak sheep breed has been neglected so far, since molecular studies
are very scarce in the literature. We highly recommend further studies focusing on the other genetic variations in the
related gene regions in Pirlak breed.
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Fertility Characteristics of Soils in Different Stream Beds under Transitional Climate
Conditions

Gegis Iklimi Kosullar1 Altinda Farkli Akarsu Yataklarinda Yer Alan Topraklarin Verimlilik
Ozellikleri
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Abstract

This study was conducted to identify and evaluate some of the fertility characteristics of soils in stream beds in
Sebinkarahisar district of the Giresun province of Tiirkiye, which has a transitional climate between semi-arid and
humid climate zones. To this end, a total of 48 soil samples, surface (0-30 cm) and subsurface (30-60/61/62/65
cm), were collected from 24 different sampling points on various stream beds. The textures of the surface and
subsurface soils taken were determined as CL, SL, SCL, L, C, and LS. pH values of surface soils ranged from 5.84
to 7.98, and the pH values of subsurface soils ranged from 6.06 to 8.05. Lime contents of the soils without salinity
problem ranged from 0.00% to 38.30% for surface soils, and from 0.00% to 37.90% for subsurface soils. Organic
matter contents varied between 0.32% and 4.16% for surface soils, and between 0.14% and 2.16% for subsurface
soils. While the soils were poor in total nitrogen, phosphorus, zinc and manganese, it was determined that the
calcium and copper contents were at sufficient levels. Although deficiencies were detected in some soils for
potassium, magnesium and iron, they were generally determined to be at sufficient levels. To deal with deficiencies
of macro and micro plant nutrients, including deficiency of organic matter, a fertilization planning is recommended
that includes barnyard manure, poultry manure, green manure, compost, vermicompost, and various organic
fertilizers containing macro and micro elements. Within the scope of the research, climate classifications were also
made according to Thornthwaite, De Martonne-Gottman and Ering methods by had used 48 years (1965-2012)
climate data of Sebinkarahisar district. Plant species and varieties to be grown in the study area should be selected
from among those suitable to the transitional climate conditions prevailing in the region. It will also be useful to
analyze the stream waters in the areas where soil sampling is done.
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Oz

Bu ¢alisma, Tiirkiye’nin Giresun ilinde, yar1 kurak iklim ile nemli iklim arasinda bir gegcis ikliminin goriildiigii
Sebinkarahisar il¢esinde yer alan akarsu yataklarindaki topraklarin bazi verimlilik 6zelliklerinin belirlenmesi ve
degerlendirilmesi amaciyla yapilmistir. Bu amagla cesitli akarsu yataklarinin bulundugu 24 farkli 6rnekleme
noktasindan yiizey (0-30 cm) ve yiizey alt1 (30-60/61/62/65 cm) olmak {izere toplamda 48 adet toprak Grnegi
alinmistir. Alinan ylizey ve yiizey alt1 topraklarin biinyeleri CL, SL, SCL, L, C, ve LS olarak belirlenmistir. Yiizey
topraklarinin pH degerleri 5.84 - 7.98 araliginda degisirken; yiizey alt1 topraklarinin da pH degerleri 6.06 - 8.05
araliginda degismektedir. Tuzluluk problemi bulunmayan topraklarin kire¢ kapsamlar1 yiizey topraklarinda 0.00
ile %38.30 arasinda; yiizey alt1 topraklarinda ise 0.00 ile %37.90 arasinda degismektedir. Organik madde icerikleri
yiizey topraklarinda %0.32 - %4.16 arasinda; yiizey alt1 topraklarinda ise %0.14 - %2.16 arasinda degismektedir.
Topraklar toplam azot, fosfor, ¢inko ve manganca fakir iken, kalsiyum ve bakir igeriklerinin yeterli diizeylerde
oldugu belirlenmistir. Potasyum, magnezyum ve demir i¢in bazi topraklarda noksanliklar saptanmasina ragmen,
genellikle yeterli diizeylerde olduklar1 belirlenmistir. Organik madde eksikligi de dahil olacak sekilde belirlenen
makro ve mikro besin elementleri eksiklikleri i¢in ahir giibresi, kanatli hayvan giibreleri, yesil giibre, kompost,
solucan giibresi ve ¢esitli makro ve mikro elementli organik giibreleri iceren bir giibreleme planlamasi
yapilmasinin verimlilik i¢in gerekli oldugu diisiiniilmektedir. Arastirma kapsaminda Sebinkarahisar il¢esinin 48
yillik (1965-2012) iklim verilerinden faydalanilarak, Thornthwaite, De Martonne-Gottman ve Ering yontemlerine
gore iklim siniflandirmalart da yapilmistir. Calisma alaninda yetistirilebilecek bitki tiir ve gesitleri yorede etkili
olan gecis iklimi kosullarina uygun olanlar arasindan segilmelidir. Toprak drneklemesi yapilan alanlardaki akarsu
sularinin da analiz edilmesi faydali olacaktir.

Anahtar Kelimeler: Toprak verimliligi, Akarsu yatagi, Gegis iklimi, Sebinkarahisar, Giresun
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1. Introduction

Soil and water resources are of great importance for living things to survive. These resources, which are among
the most important factors of agricultural production, must be protected and their sustainability must be ensured.
The success of agricultural activities to be carried out in different regions and under different climatic conditions
depends on the availability of clean, healthy and suitable natural resources. Soils in stream beds are very valuable
for agriculture. Determining and evaluating the some characteristics of these soils will make an important
contribution to various agricultural applications.

Multiple climate conditions prevail in different parts of Tiirkiye because of differences in elevation and the
presence of mountain ranges that act as barriers to rain bearing winds. With the exception of a few places, however,
almost all regions of Tiirkiye suffer from drought and water scarcity in summer. Topography and climate
characteristics, along with the presence of different sorts of natural vegetation in places with different climate
conditions, means Tiirkiye has a wide variety of soils, which is also reflected in plant nutrients these soils have
(Ulgen and Yurtsever, 1984).

Tiirkiye is rich in terms of the number of streams it has, with a majority of the streams originating in the country
draining into the surrounding seas, and some draining into lakes (closed basins) (Basgelen, 2010). The diversity
of drainage types in Tiirkiye is one of the main characteristics of its drainage network. This is a natural consequence
of the fact that Tiirkiye consists of different parts with diverse characteristics in terms of structure, lithology,
geological evolution, and tectonic slope. New tectonic movements, climate change, and Karstification add to this
diversity. One of the findings of studies on drainage types in Tiirkiye is that stream networks in large areas are
usually young in terms of valley evolution (Ering, 2012a).

Throughout history, civilizations have emerged and developed in river valleys. This was because rivers
provided drinking and domestic water for settlement areas, irrigation water for agricultural areas, and later, energy
and industrial water (Yanmaz and Usul, 2006). Stream is the general name given to bodies of water that flow
within a bed and its banks. This flow can be constant or intermittent. A stream bed emerges when rainwater is
collected along a specific line and then starts flowing (Ering, 2012a). Initially, surface flow is a wide and thin body
of water moving downslope, called sheet flow. This fluctuating and shallow surface flow eventually develops into
rivulets of water, which in turn form small channels called brooklets. Brooklets combine to form brooks, and
brooks combine to form creeks, streams and rivers. What separates streamflow from surface runoff is that
streamflow takes places within a stream bed with defined boundaries (Lutgens et al., 2017).

Agricultural production plays an important role in the development of a society. To grow in a healthy
environment, plants need more than a good quality soil. They also need the presence of a reliable source of water.
Hydrological characteristics of a given locality depends on its climate, topography, and geology. Climate-related
or hydro-meteorological factors are solar radiation, temperature, atmospheric pressure, humidity, and wind. These
factors are important because they directly effect key components of the hydrological cycle such as precipitation,
evaporation, and transpiration. In hydrology, the term precipitation refers to all sorts of water that comes backs to
Earth from the atmosphere. Rain, snow, hail, fog, sleet, and dew are the main forms of precipitation. Precipitation
is the source of all usable water on land, and is vital for the humankind. Streams are usually considered to be a
reliable source in water supply projects (Yanmaz and Usul, 2006). The effect of precipitation that falls on any
given area, in other words the degree of humidity or aridity, is not simply a function of the amount of monthly or
annual precipitation. Many other factors including temperature, precipitation regime, evaporation conditions, and
soil characteristics also play an important role (Ering, 2012b).

Knowledge of climate characteristics allows identifying the boundaries between different climate zones, which
is important for sustainable use of local resources and providing guidance for land use plans (Colak and Memisoglu,
2021). In addition to climate conditions, soil formation and characteristics depend on factors such as decomposition,
landforms, particularly the slope of the land, vegetation, main material, and time. Air temperature and precipitation
are the most important climate elements that affect soil formation. However, there are other factors beside
temperature and precipitation that are required for soil formation. The distribution of air temperature and
precipitation throughout the year is also very important (Atalay, 2014). Topography, which is related to climate
conditions as well, has indirect effects on soil through temperature and precipitation (Saglam et al., 1993). Leaving
the time factor aside, climate has the most important direct and indirect effect on pedogenesis and soil character
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(Ering, 2012a). Local soils are mainly formed under the influence of climate and vegetation. Characteristics of the
parent material are very important for plant attachment, rejuvenation, and development. There is a close
relationship between the nutrient needs and root systems of plants on the one hand, and the parent material on the
other (Saya and Giiney, 2014). The climate factor, because it controls plant development, affects plant nutrition
and contents. The factor of precipitation or water, in particular, dissolves the elements in soil, helping a plant make
use these elements. Similarly, temperature affects development, and as a result, the nutrient content of the plant as
well (Karagal, 2008). In natural resource management, culture, pasture and forest plants that are resistant to drought
and the region should be determined together with climate data and soil structure, and zoning plans should be
associated with production planning (Cangir and Boyraz, 2008).

In semi-arid regions, streams have a bigger influence on landforming. However, this effect is also more
prominent at specific times. In terms of climate and topography, it is difficult to draw strict boundaries between
humid and semi-arid regions. In humid regions, streams are the main factor in landforming. In semi-arid regions,
on the other hand, local water table levels play an important role, but the main factor is sea level. In this respect,
semi-arid regions are similar to humid regions. Humid regions, on the other hand, are distinguished from semi-
arid and arid regions in that they are covered, in areas where original vegetation is not destroyed, by forests or
permanently green, uninterrupted grassland (Ering, 2012b). Bahrami and Ghahraman (2019) argued that, because
their study area was located in a semi-arid climate with limited soil and water resources, a proper understanding
of geomorphological controls on soil development and fertility would help planners and managers with better
management regarding irrigation, agriculture, and soil preservation. Chidozie et al. (2019) found that
indiscriminate land use in tropical Nigeria, without sufficient attention paid to land and soil evaluation, caused
serious ecologic problems and deterioration of land resources.

Today, in addition to the necessity of increasing soil fertility, ensuring and maintaining continuity in yield is
also of great importance. This situation can only be achieved by determining the existing physical, chemical and
biological properties of the soils and conscious fertilization studies to be carried out in line with these properties
(Bellitiirk, 2011).

This study aimed to examine the fertility of soils in stream beds and evaluate their agriculture potential in a
locality with a transitional climate between semi-arid and humid climate zones. To this end, some of the fertility
characteristics of the collected soil samples were analyzed, followed by an evaluation of data and recommendations.
There were two main reasons for selecting the district of Sebinkarahisar as the study area: The district has a
transitional climate between semi-arid and humid climate zones, and a variety of stream and soil resources.

2. Materials and Methods
2.1. Study area and soil sampling

Sebinkarahisar district of the province of Giresun is in the Eastern Black Sea part of the Black Sea region of Tiirkiye.
The district center is located on the southern outskirts of Giresun Mountains and the northern slopes of Avutmus Creek
Valley (Yiiriidiir, 1998). Soil sampling sites on stream beds in the study area were identified using the relevant sections
of the 1/25.000 scale standard topographical maps obtained from Anonymous (2019), and carrying out fields
observations and investigations. Coordinates and altitudes of the sampling points were identified using a GPS device
with a sensitivity of 1 to 3 meters (Magellan Explorist 610). A total of 48 surface (0-30 cm) and subsurface (30-
60/61/62/65 cm) soil samples were collected from 24 sampling points on different stream beds. Soil samples were
collected between September 28, 2019 and November 2, 2019. Samples were collected from uncultivated land,
orchards, and cultivated land. The altitudes of the soil sampling points in the study area ranged from 848 meters to
1714 meters. Location and stream/soil sampling maps (Figure 1 and Figure 2) were created in ArcGIS - ArcMap 10.3
software, using the World Geodetic System (WGS) 1984 Datum. For the stream/soil sampling map, a hydrology
analysis was conducted using the Digital Elevation Model (DEM) data (SRTM 1 Arc-Second Global/~30 meters)
obtained from USGS (2021). For accurate naming of the stream, the relevant sections of the 1/25.000 scale standard
topographical map was used, along with the statements of land owners and Anonymous (2021). Information about soil
sampling points and streams is presented in Table 1.
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Table 1. Information about the soil sampling points and streams in the study area

Soil sample

Coordinates

Stream name (Stream bed)

Stream

1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

40°17'10"N 38°28'15"E

40°1822"N 38°2822"E

40°17'36"N 38°2821"E

40°18'18"N 38°28'12"E

40°21'22"N 38°26'43"E

40°22'17"N 38°26'37"E

40°20'09"N 38°26'39"E

40°22"26"N 38°26"27"E

40°18'19"N 38°22'47"E

40°18'04"N 38°22'47"E

40°17'47"N 38°22'30"E

40°18'24"N 38°22'16"E

40°21'42"N 38°35'38"E

40°14'13"N 38°25'59"E

40°17'13"N 38°17'06"E

40°22'42"N 38°34"25"E

40°2226"N 38°3423"E

40°15'55"N 38°16'01"E

40°15'46"N 38°16'12"E

40°17'06"N 38°1520"E

40°16'56"N 38°17'07"E

40°14'19"N 38°25'56"E

40°13'57"N 38°26'04"E

40°21'47"N 38°35'18"E

Avutmus Creek
Avutmus Creek
Avutmus Creek
Avutmus Creek
Asarcik Stream
Asarcik Stream
Asarcik Stream
Asarcik Stream
Bayhasan Stream
Bayhasan Stream
Bayhasan Stream
Kepgeli Stream
Derin Stream
Sogulcuk Stream
Ac1 Stream
Puskiilli Stream
Puskiilli Stream
Catalkaya Stream
Catalkaya Stream
Derin Stream
Yedikardes Stream
Avutmus Creek
Sogulcuk Stream

Derin Stream

Active

Active

Active

Active

Active

Active

Active

Active

Active

Active

Active

Active

Active

Active

Active

Active

Active

Intermittent

Intermittent

Intermittent

Active

Active

Active

Active
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2.2. Geology and climate

Sebinkarahisar district is located in the southern zone of the eastern belt of Pontides tectonic unit (Ketin, 1966;
Altan, 2010; Sar1, 2013). Geological descriptions of the soil sampling points in the study area were taken from the
relevant sections of the 1/25.000 scale geological map obtained from the General Directorate of Mineral Research and
Exploration, and shown in Table 2 (Yilmaz, 1984; Akbas, 1991; Sevin, 1991).

Sebinkarahisar has a transitional climate between semi-arid Central Anatolia climate and humid Black Sea climate
(Yiiriidiir, 1998). Sebinkarahisar has an average temperature of 9.0°C, a maximum temperature of 39.6°C, and a
minimum temperature of -23.5°C, and much lower temperatures in winter months compared to Giresun (Kurdoglu et
al., 2017). The average annual precipitation in the district in 584.3 mm, and annual average temperature is 9.1°C. Data
from the Sebinkarahisar station were plugged in the de Martonne formula, and its humid temperate climate was found
to display characteristics of a transitional zone between maritime and continental climates (Uzun et al., 2013).

Using the Thornthwaite (1948) method, researchers found the following about the climate of the Sebinkarahisar
district: From 1989 to 2008, the climate index was C, B'1 sz b's (Subhumid), and it had the sub-climate type 1st degree
Mesothermal with strong water deficit in summer, close to marine effects (Aydemir, 2010). From 1981 to 2010, the
climate index was C, B'1 s, b's (Subhumid), and it had the sub-climate type 1st degree Mesothermal with strong water
deficit in summer (Béliik, 2016a). Based on long term annual averages, the climate index of the Sebinkarahisar district
was found to be C,B'1 sz b's (Cigek, 1995). Using the De Martonne-Gottman (De Martonne, 1942) method, researchers
found the following about the climate of the Sebinkarahisar district: For the period 1989-2008, the aridity index was
16.77 mm, and the climate type of the district approximated that of semi-arid areas (Aydemir, 2010). For the period
1981-2010, the aridity index was 17.13, and the climate type of the district was between semi-arid and humid (Boliik,
2016b). According to the Ering method, precipitation effectiveness index for the period 1981-2010 was 38.99, and the
climate was classified as semi-humid (Bolik, 2016c).

The present study presents average climate data for Sebinkarahisar for the 48 years from 1965 to 2012 (Anonymous,
2020) in Table 3, and climate classification of the district on the basis of Thornthwaite (1948), De Martonne-Gottman
(De Martonne, 1942; Baltas, 2007) and Ering (Ering, 1965; Ering, 1984) methods in Table 4. The average annual
temperature in Sebinkarahisar is 9.0°C, the average annual precipitation is 583.5 mm, and the annual average relative
humidity is 61.05%.

Table 2. Geological descriptions of soil sampling points

Geological descriptions Soil sampling points
Oligocene-Lower Miocene, conglomerate-sandstone-mudstone, continental, 7,9,10,11,12,14,15,
sedimentary rock 18,19,20,21,22,23
Upper Cretaceous-Paleocene, andesite, shelf, volcanic rock 13,16,17,24
Quaternary, alluvial, continental, sedimentary rock 1,234
Campanian-Maastrichtian, igneous-sedimentary rock, slope, sedimentary rock 6,8
Senonian-Paleocene, granitoid, deep rock 5

Table 3. Average climate data for Sebinkarahisar for the 48 years (1965 to 2012)

Parameter Months

(Average) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
T 24 -15 28 87 128 162 194 197 162 112 48 01 9.0
P 509 488 59.2 860 712 441 155 118 238 544 618 56.0 5835
RH 688 669 631 591 595 574 548 540 545 599 654 692 6105

Towmr 16 29 78 142 190 230 271 278 239 173 96 39 14.84

T: Temperature (°C), P: Precipitation (mm), RH: Relative Humidity (%), Tomt: Daily Maximum Temperature (°C)
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Table 4. Climate classifications of Sebinkarahisar district

Sebinkarahisar (Latitude: 40.2872 Longitude: 38.4193 Elevation: 1364.0 m)
Climate period (1965 - 2012 / 48 Years)

Method and classification Climate indice Climate feature
Thornthwaite C2B'1s2b'3 First Mesothermal, large summer water
(1948) (Moist subhumid) deficiency, summer concentration 54.57%
De Martonne-Gottman Aridity Index Lo .
(De Martonne, 1942; Baltas, 2007) 17)./74 Semi Arid - Humid
Ering P.re.cipitation . .
Efficiency Index Semi Humid

(Ering, 1965; Ering, 1984) 39.32

2.3. Methods

In this study, soil sampling points in Sebinkarahisar district, which has a transitional climate between semi-arid and
humid climate zones, were determined by considering the geographical locations and topographic characteristics of
the stream beds. Disturbed surface (0-30 cm) and subsurface (30-60/61/62/65 cm) soil samples were collected from
the sampling points identified. Soil samples were taken using a spade shovel, a small shovel, a earth auger machine
and a tape measure. The samples taken were placed in plastic bags and the characteristics of the sampling area were
noted. Afterwards, soil samples brought to the laboratory were laid on newspapers and left to dry. Samples were dried
out, and then, prepared for analysis using the necessary materials. The textures of the soils were determined using the
hydrometer method (Bouyoucos, 1951). Texture triangle was used to name texture classes (Anonymous, 1993). Soil
reaction (pH) was measured using a pH meter in the saturation mud prepared (Richards, 1954). Results of the pH
analysis were classified on the basis of the values reported by Kellogg (1952). Total salt contents (%) of the soils were
calculated on the basis of the values measured using an electrical conductivity meter in the saturation mud (Richards,
1954). Total salt contents were interpreted on the basis of the values reported by Korkut (1983). Lime contents (%)
were measured volumetrically, using the calcimetric method (Kacar, 2016). Organic matter (%) was identified using
the Walkley-Black method (Miiftiioglu et al., 2014). Lime contents were classified on the basis of Giigdemir (2008).
Organic matter contents were classified according to Ulgen and Yurtsever (1984). Total nitrogen (%) was measured
using the Kjeldahl method (Saglam, 2008). Phosphorus content was measured using the Olsen method (Olsen et al.,
1954) and a spectrophotometer; and potassium, calcium, and magnesium contents were measured using an ICP
instrument (Miiftiioglu et al., 2014) after extraction with ammonium acetate (Jackson, 1958). Total nitrogen,
phosphorus, potassium, calcium, and magnesium contents were interpreted on the basis of the values reported by
Anonymous (1990). Fe, Cu, Zn and Mn were extracted with DTPA, and then measured using an ICP instrument
(Lindsay and Norvell, 1978). Fe contents were evaluated according to Lindsay and Norvell (1978) Cu contents
according to Follett (1969), and Zn and Mn contents according to Anonymous (1990). IBM SPSS Statistics 22 software
was used to calculate some of the descriptive statistics and correlation coefficients for soil analysis results.

3. Results and Discussion

In the study, the investigated surface soils (0-30 cm) were classified as CL (nine soil samples), SL (seven soil
samples), SCL (four soil samples), L (three soil samples), and C (one soil sample) in terms of texture. Textures of the
subsurface soils (30-60/61/62/65 cm) were classified as CL (eight soil samples), as SL (five soil samples), as SCL (five
soil samples), as L (three soil samples), as C (two soil samples), and as LS (one soil sample) (Anonymous, 1993). A
great majority of the surface soil samples (0-30 cm) collected from orchards around the western parts of the Avutmusg
Creek, which is in Sebinkarahisar district of the Giresun province of Tiirkiye, were classified as sandy clay loam and
clay loam in terms of texture (Atmaca and Nalbant, 2018). Textures of surface and subsurface soil samples collected
from a stream terrace in Kahta district of the Adiyaman Province of Tiirkiye were classified as clay loam (CL) and
sandy clay loam (SCL) (Celik and Akga, 2017). In the humid tropical southeastern part of Nigeria, textures of soil
samples (0-20) were classified as SL, SCL, and S (Chidozie et al., 2019). Texture classes found in these studies are
similar to the texture classes found in the present study. On the other hand, Sowinski et al. (2020) found SiL, SL, and
Si texture classes in all horizons of the 20 soil samples they collected from the genetic horizons of 6 soil layers in the
soil catena in a hilly valley of Lier River in Buskerud region of Southern Norway, and, Atmaca and Boyraz Erdem
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(2016) found that many of the soils in stream beds in the Central district of the province of Tekirdag were classified as
clay, findings that are at variance with the findings of the present study.

Soil in high precipitation areas shows acid reaction, and soil in arid and semi-arid areas with little precipitation
shows alkaline reactions (Atalay, 2014). Some of the chemical properties of the soils were analyzed, and the results
are reported in Table 5. pH values of surface soils ranged from 5.84 to 7.98, and the pH values of subsurface soils
ranged from 6.06 to 8.05. Surface and subsurface soils from sampling points 1, 2, 3, 4 (Avutmus Creek bed), 7 (Asarcik
Stream bed), 9, 10, 11 (Bayhasan Stream bed), 12 (Kepgeli Stream bed) and 21 (Yedikardes Stream bed) were found
to be slightly alkaline, and surface and subsurface soils from sampling points 5 (Asarcik Stream bed), 13 and 24 (Derin
Stream active bed), 16 (Piiskiillii Stream bed) were found to be neutral. Surface and subsurface soils from sampling
point 17 (Piiskiillii Stream bed) were found to be slightly acidic, and surface and subsurface soils from sampling points
18, 19 (Catalkaya Stream bed), and 20 (Derin Stream intermittent bed) were found to be alkaline. On the other hand,
surface soils from sampling points 14 and 23 (Sogulcuk Stream bed), and 22 (Avutmus Creek bed) were found to be
slightly alkaline, and subsurface soils from the same sampling points were found to be alkaline. Surface soils from the
sampling points 6 (Asarcik Stream bed) and 15 (Aci Stream bed) were found to be moderately acidic and alkaline,
respectively, and subsurface soils from the same sampling points were found to be slightly acidic and slightly alkaline.
Surface soil from the sampling point 8 (Asarcik Stream bed) were neutral, and subsurface soil from the same sampling
point were slightly acidic (Kellogg, 1952). Overall, soil reaction results show that soils in the study area, which has a
transitional climate between semi-arid and humid climate zones, are similar to soils of semi-arid regions. Some of the
soil samples showed acidic reaction, but they were few in number. Because the total salt contents (%) of all the samples
from the study area were lower than the reference value of 0.15% reported by Korkut (1983), all of the soils were
classified as non-saline. In similar studies, Atmaca and Nalbant (2018) classified as non-saline all of the surface soil
samples they collected from around the western parts of the Avutmus Creek, and reported that most of the soils had
neutral soil reaction. Atmaca and Boyraz Erdem (2016) reported that surface soil samples collected from stream beds
in the Central district of the province of Tekirdag in Tiirkiye usually had neutral pH values, and did not have a salinity
problem.

Lime contents of the surface soils from the study area ranged from 0.00% to 38.30%, and lime contents of
subsurface soils ranged from 0.00% to 37.90%. Using the threshold values reported by Giigdemir (2008), surface and
subsurface soils from sampling points 5, 6, 8 (Asarcik Stream bed), 13 (Derin Stream active bed), and, 16 and 17
(Puiskiilli Stream) were classified as lime-free, along with the surface soil from sampling point 24 (Derin Stream active
bed). Surface and subsurface soils from sampling points 1 (Avutmus Creek bed) and 10 (Bayhasan Stream bed) were
classified as moderately limey, those from sampling points 11 (Bayhasan Stream bed) and 18 (Catalkaya Stream bed)
were classified as limey, those from sampling points 2 (Avutmus Creek bed), 15 (Act Stream bed), 19 (Catalkaya
Stream bed) and 21 (Yedikardes Stream bed) were classified as highly limey, and those from sampling points 14 and
23 (Sogulcuk Stream bed), and 20 (Derin Stream intermittent bed) were classified as extremely limey. In terms of the
lime contents of their surface/subsurface soils, sampling point 4 (Avutmus Creek bed) was classified as
somewhat/slightly limey; sampling point 7 (Asarcik Stream bed) as moderately/highly limey; sampling point 3
(Avutmus Creek bed) as limey/extremely limey; sampling point 9 (Bayhasan Stream bed) as highly limey/limey;
sampling point 12 (Kepgeli Stream bed) as limey/highly limey; and sampling point 22 (Avutmus Creek bed) as
extremely/highly limey. Subsurface soil from the sampling point 24 (Derin Stream active bed) was also classified as
slightly limey. One important factor behind the diversity in the lime contents of the soil samples, ranging from non-
limey to extremely limey, is that Sebinkarahisar has a transitional climate.

Organic matter contents of the samples varied between 0.32% and 4.16% for surface soils, and between 0.14% and
2.16% for subsurface soils. According to threshold values reported by Ulgen and Yurtsever (1984); surface soils from
sampling points 10, 17, and 22 (Bayhasan Stream bed; Piskiillii Stream bed; Avutmus Creek bed) and subsurface soil
from sampling point 6 (Asarcik Stream bed) were found to contain moderate amount organic matter. Surface soils
from sampling points 5 and 6 (Asarcik Stream bed) had a high and good amounts of organic matter. The rest of the
surface and subsurface soils on the all stream beds had very little or little amounts of organic matter. Ulgen and
Yurtsever (1984) argue that soils in Tiirkiye are usually deficient in organic matter because of a failure to good practice
crop rotation, and because the hot and dry climate makes it difficult or impossible for organic matter to accumulate.
Atmaca and Boyraz Erdem (2016) found that soils in stream beds in Tekirdag usually had low lime and organic matter
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contents. Atmaca and Nalbant (2018) found that organic matter contents varied between 0.76% and 3.87% around the
western part of the Avutmus Creek in Sebinkarahisar, and lime contents varied between 0.00% and 14.83%.

Bahrami and Ghahraman (2019) found that the soil reaction ranged from 7.66 to 8.81 in 36 soil samples collected
from the surfaces (0-30 cm) of three alluvial fans of different ages (relict, old, and young) in Western Sabzevar in
Northeast Iran. Chidozie et al. (2019) studied contrasting land use and similar lithology (coastal plain sands) in eight
local government areas of Imo State in Nigeria, with an elevation of 91 m above sea level and covering 5530 km?.
They collected surface soil samples (0-20 cm) from all land use types. The authors reported that the hydrology of the
study area was governed by Imo River and other rivers such as Nworie, Ogochie, Otamiri, Oramirukpa, and Mba rivers.
They found that pH (1:2.5 H,0) values of the soil samples varied between 4.58 and 6.46 (slightly acidic), and their
organic matter contents varied between 0.69% and 2.65%. pH results of study in Northeast Iran and pH and organic
matter results of study in Nigeria are different from the findings of the present study regarding pH and organic matter
contents of surface soils. Celik and Ak¢a (2017) reported that elevation from sea level was 637-668 m in their study
area in the Kahta district (of Adiyaman), the climate of the district was classified as Csa according to the Képpen-
Geiger classification, average annual temperature was 16.6°C, and average annual precipitation was 584 mm. The 14
disturbed soil samples they collected from 7 points on a stream terrace in Research and Application Field of VVocational
School of Kahta of Adiyaman University, from depths of 0-30 cm and 30-60 c¢m, had pH values between 7.60 and
7.89, organic matter contents ranging from 2.02% to 3.11%, and lime contents ranging from 0.08% to 7.47%. They
reported that the soils did not have a salinity problem. Celik and Akg¢a’s (2017) findings regarding pH values and lime
and organic matter contents are different from those of the present study, but their finding regarding salinity is similar.
Mehdi et al. (2002) found that in the surface horizons of Shahdara, Sultanpur and Lyallpur alluvial soil series in
Pakistan, CaCOs levels varied between 1.1% and 13%, organic matter contents between 0.50% and 1.00%, pHs values
between 7.8 and 8.1, and ECe between 0.74 and 0.86 dsm™. At various depths of subsurface horizons, on the other
hand, CaCOs levels varied between 1.1% and 14.0%, organic matter contents between 0.16% and 0.60%, pHs values
between 7.9 and 8.2, and ECe values between 0.34 and 9.50 dsm™*. Climate characteristics were classified as semi-arid
and semi-humid subtropical continental in the Shahdara series, and semi-arid subtropical continental in Sultanpur and
Lyallpur series. Looking at the values reported by Mehdi et al. (2002), all of their findings regarding organic matter,
pHs, CaCOs and ECe results of surface and subsurface soils are different from those of the present study, except for
the finding that the surface ve some subsurface soils did not have a salinity problem.

Findings from an analysis of the macro element contents of the study soils are reported in Table 6. Total
nitrogen, phosphorus, potassium, calcium, and magnesium contents of the soil samples were classified on the basis
of the threshold values reported by Anonymous (1990). Total nitrogen contents varied between 0.02% and 0.21%
for surface soils, and between 0.01% and 0.11% for subsurface soils. 37.5% of the surface soils were classified as
having very little total nitrogen, 41.67% as having little total nitrogen, 12.5% as having sufficient total nitrogen,
and 8.33% as having a large amount of total nitrogen. Of the subsurface soil samples, 19 had very little total
nitrogen, 4 had little total nitrogen, and 1 had sufficient total nitrogen. Surface and subsurface soils from sampling
point 6 on the bed of Asarcik Stream had a large amount and sufficient total nitrogen. Surface soils from sampling
points 5 (Asarcik Stream bed), 10 (Bayhasan Stream bed), 17 (Piiskiillii Stream bed), and 22 (Avutmus Creek bed)
had sufficient or a large amounts of total nitrogen. The rest of the soil samples on the stream beds had very little
or little amounts of total nitrogen.

Phosphorus contents varied between 0.08 ppm and 80.80 ppm for surface soils, and between 0.01 ppm and
48.10 ppm for subsurface soils. Sampling points 9 (Bayhasan Stream bed), 12 (Kepgeli Stream bed), and 19
(Catalkaya Stream bed) had very little phosphorus, sampling points 1 and 3 (Avutmus Creek bed), 10 (Bayhasan
Stream bed), and 16 (Piiskiillii Stream bed) had little phosphorus, and sampling points 4 (Avutmus Creek bed) and
8 (Asarcik Stream bed) had sufficient phosphorus in their surface and subsurface soils. Sampling points 2
(Avutmus Creek bed), 13 and 24 (Derin Stream active bed), and 17 (Piiskiillii Stream bed), on the other hand, had
sufficient phosphorus in their surface soils, and little phosphorus in their subsurface soils. Sampling points 7
(Asarcik Stream bed), 11 (Bayhasan Stream bed), 15 (Aci Stream bed), 18 (Catalkaya Stream bed), 20 (Derin
Stream intermittent bed), 21 (Yedikardes Stream bed), 14 and 23 (Sogulcuk Stream bed) had little phosphorus in
their surface soils, and very little in their subsurface soils. Sampling point 5 (Asarcik Stream bed) had a very large
amount phosphorus in its surface soil and a large amount in its subsurface soil; sampling point 6 (Asarcik Stream
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bed) had a large amount phosphorus in its surface soil and sufficient in its subsurface soil; and sampling point 22
(Avutmus Creek bed) had sufficient phosphorus in its surface soil and very little in its subsurface soil.

Table 5. Some of the chemical properties of the research soils

Sample Depth pH TS(:I?I Lime OM* Sample Depth pH Ts(—;fl Lime OM*
no. (cm) (%) (%) (%) no. (cm) (%) (%) (%)
1 0-30 753 0.03 4,75 1.10 13 0-30 6.77 0.03 0.00 1.60
30-60 7.66 0.03 491 0.68 30-60 6.97 0.02 0.00 0.82

’ 0-30 768 0.04 16.17 1.18 14 0-30 769 002 3114 090
3061 7.75 0.04 1834 0.6 30-60 792 001 3790 0.32

3 0-30 770 001 1215 0.59 15 0-30 789 0.02 2438 040
30-60 7.68 0.03 26.71 1.04 30-60 7.70 0.01 2462 0.14

4 0-30 754 0.02 3.62 1.49 16 0-30 6.94 0.02 0.00 0.63
30-60 7.40 0.01 0.16 0.76 30-60 6.98 0.02 0.00 0.46

5 0-30 6.62 0.02 0.00 4.16 17 0-30 6.19 0.01 0.00 2.02
30-61 6.97 0.01 0.00 1.79 3061 6.30 0.01 0.00 0.91

6 0-30 584 0.01 0.00 3.89 18 0-30 791 0.02 13.04 1.23
30-61 6.06 0.01 0.00 2.16 30-60 797 0.02 1295 0.88

7 0-30 7.36 0.03 5.79 0.34 19 0-30 788 0.02 1674 0.63
30-61 7.69 0.02 1834 0.32 30-60 8.02 0.02 19.07 0.32

8 0-30 6.92 0.01 0.00 1.40 20 0-30 798 001 3830 0.60
30-62 6.17 0.01 0.00 0.37 3061 799 002 3202 0.14

9 0-30 746 005 17.06  0.59 2 0-30 778 0.02 2342 0.83
30-61 7.67 0.04 1014 037 30-61 766 0.02 2422 0.66

10 0-30 756 0.03 7.40 2.16 92 0-30 750 0.03 2712 228
30-62 7.68 0.03 571 0.54 30-65 7.87 0.02 2116 032

1 0-30 754 005 11.18 0.93 23 0-30 778 0.03 3114 1.17
30-60 7.69 0.04 1376 0.48 30-60 8.05 0.02 3347 0.43

12 0-30 759 003 1295 0.32 24 0-30 6.84 0.02 0.00 1.77
30-60 7.69 0.02 1682 034 30-61 7.17 0.02 0.48 0.91

* Organic Matter

Potassium contents of the soils varied between 67.47 ppm and 626.92 ppm for surface soils, and 57.61 ppm
and 368.48 ppm for subsurface soils. Sampling points 1, 2, 3, 4 (Avutmus Creek bed), 6, 7, 8 (Asarcik Stream
bed), 9 (Bayhasan Stream bed), 12 (Kepgeli Stream bed), 13 and 24 (Derin Stream active bed), 18 (Catalkaya
Stream bed), 20 (Derin Stream intermittent bed), and 23 (Sogulcuk Stream bed) had sufficient potassium, and
sampling point 5 (Asarcik Stream bed) had a large amount of potassium in their surface and subsurface soils.
Sampling points 10 and 11 (Bayhasan Stream bed), 21 (Yedikardes Stream bed), and 22 (Avutmus Creek bed), on
the other hand, had a large amount of potassium in their surface soils, and sufficient potassium in their subsurface
soils. Sampling points 16 and 17 (Piiskiillii Stream bed) were found to have little potassium in their surface and
subsurface soils. Sampling points 14, 15, and 19 (Sogulcuk, Ac1 and Catalkaya Stream beds) had sufficient
potassium in their surface soils, but little potassium in their subsurface soils.

Bahrami and Ghahraman (2019) found that total nitrogen varied between 0.012% and 0.084%, available
phosphorus varied between 0.1 and 19 ppm, and available potassium varied between 52 and 280 ppm in the surface
soils they collected. Chidozie et al. (2019) reported that total nitrogen varied between 0.01% and 0.06%, and
available phosphorus varied between 0.72 ppm and 6.77 ppm in the surface soil samples they collected in Nigeria.
Findings reported by Bahrami and Ghahraman (2019) and Chidozie et al. (2019) regarding surface soils are
different from the findings of the present study. In similar studies; Atmaca and Nalbant (2018) reported that surface
soils around the western parts of the Avutmus Creek usually had sufficient total nitrogen and potassium, but some
of the soils were deficient in phosphorus. Atmaca and Boyraz Erdem (2016) reported that available phosphorus
and exchangeable potassium contents of soil samples collected from stream beds in the Central district of the

908



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(4)

province of Tekirdag were usually sufficient. Celik and Akga (2017) found that, on average, the soil samples they
collected from a stream terrace in Kahta, Adiyaman had low levels of total nitrogen and available phosphorus, and
high levels of available potassium.

Calcium contents of surface and subsurface soils from all sampling points varied between 1587.79 ppm and
9648.03 ppm. Surface and subsurface soils from sampling points 6 and 8 (Asarcik Stream bed), and surface soil
from sampling point 5 (Asarcik Stream bed) had sufficient calcium. The rest of the surface and subsurface soils
from sampling points on the stream beds had a large amount of calcium.

Magnesium contents varied between 168.01 and 821.66 ppm for surface soils, and between 154.29 and 829.02
ppm for subsurface soils. 20 of the surface soils were classified as having sufficient magnesium, and 4 as having
a large amount of magnesium. 16 of the subsurface soil samples were found to have sufficient magnesium, and 7
were found to have a large amount of magnesium. Subsurface soil from the sampling point 7 on the bed of Asarcik
Stream, on the other hand, was found to contain little magnesium.

Sowinski et al. (2020) found that in the surface horizons of soil samples from the Buskerud region of Southern
Norway, total Ca content varied between 3.08 and 7.14 g kg%, total Mg varied between 3.27 and 4.86 g kg and
total K varied between 2.85 - 5.12 g kg*; whereas in subsurface horizons, total Ca varied between 3.18 and 5.97
g kg, total Mg varied between 3.66 and 5.46 g kg™* and total K varied between 2.95 - 6.57 g kg*. Chidozie et al.
(2019) reported that surface soil samples collected in Nigeria had Ca contents varying between 0.4 and 2.6 cmol
kg, Mg contents varying between 0.1 and 1.6 cmol kg*and K contents varying between 0.01 and 0.22 cmol kg
L. Mehdi et al. (2002) reported that surface horizons of alluvial soil series in Pakistan had Ca**Mg** values ranging
from 3.0 to 7.0 me L%, K* values ranging from 0.13 to 0.30 me Lt and subsurface horizons had Ca**Mg** values
ranging from 1.5 to 44.1 me L, K* values ranging from 0.10 to 0.31 me L%, Atmaca and Nalbant (2018) reported
that all soil samples collected from around the western parts of the Avutmus Creek contained large amounts of
calcium and sufficient magnesium.

Findings from an analysis of the micro element contents of the study soils are reported in Table 7. Iron contents
varied between 1.01 ppm and 85.50 ppm for surface soils, and between 2.22 ppm and 69.76 ppm for subsurface
soils. Using the values provided by Lindsay and Norvell (1978), surface and subsurface soils from the sampling
points 14, 18, 19, and 23 (Sogulcuk and Catalkaya Stream beds) were classified as containing a moderate amount
of iron. Sampling point 12 (Kepgeli Stream bed) had a moderate amount of iron in its surface soil, and little iron
in its subsurface soil. Sampling points 15 (Aci Stream bed) and 21 (Yedikardes Stream bed) had little iron in their
surface soils, and a moderate amount in their subsurface soils. Surface soil from the sampling point 20 (Derin
Stream intermittent bed), and subsurface soil from the sampling point 22 (Avutmus Creek bed) contained a
moderate amount of iron. All surface and subsurface soils samples apart from these were found to contain a large
amount of iron.

Copper contents varied between 1.33 ppm and 6.48 ppm for surface soils, and between 1.30 ppm and 8.41 ppm
for subsurface soils. All soil samples in the study were classified as having sufficient copper because they
contained more than the threshold value of 0.2 ppm reported by Follett (1969).

Zn and Mn contents were classified on the basis of the threshold values provided by Anonymous (1990). Zinc
contents varied between 0.06 ppm and 7.29 ppm for surface soils, and between 0.04 ppm and 4.70 ppm for
subsurface soils. 17 of the surface soils contained little or very little zinc, and the rest contained sufficient or a
large amount of zinc. Of the subsurface soils, on the other hand, 17 contained very little zinc, 4 contained little
zinc, 1 contained sufficient zinc, and 2 contained a large amount of zinc. Sampling points 5 and 6 (Asarcik Stream
bed) were found to have a large amount of zinc in their surface and subsurface soils. Surface and subsurface soils
from sampling point 4 on the bed of Avutmus Creek had a large amount and sufficient zinc. Sampling points 7
and 8 (Asarcik Stream bed), and 13 and 24 (Derin Stream active bed) had sufficient or a large amount zinc in their
surface soils. All surface and subsurface soils samples apart from these were found to contain very little and little
of zinc.

Manganese contents varied between 2.74 ppm and 58.82 ppm for surface soils, and between 1.75 ppm and
41.32 ppm for subsurface soils. Sampling points 1, 2, 3 (Avutmus Creek bed), 7 (Asarcik Stream bed), 11
(Bayhasan Stream bed), 18 and 19 (Catalkaya Stream bed), 20 (Derin Stream intermittent bed), 21 (Yedikardes
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Stream bed), 22 (Avutmus Creek bed) had little manganese, sampling point 15 (Ac1 Stream bed) had very little
manganese, and sampling points 6 and 8 (Asarcik Stream bed), 16 and 17 (Piiskiilli Stream bed), and 24 (Derin
Stream active bed) had sufficient manganese in their surface and subsurface soils. Sampling points 9, 12, 14, and
23 (Bayhasan, Kepgeli and Sogulcuk Stream beds) on the other hand, had little manganese in their surface soils,
and very little in their subsurface soils. Sampling points 4 (Avutmus Creek bed) and 10 (Bayhasan Stream bed)
had sufficient manganese in their surface soils, and little manganese in their subsurface soils. Sampling points 5
(Asarcik Stream bed) and 13 (Derin Stream active bed), on the other hand, had a large amount of manganese in
their surface soils, and sufficient manganese in their subsurface soils.

Atmaca and Nalbant (2018) reported that soils around the western parts of the Avutmus Creek contained
sufficient copper. They found that a majority of the soils contained a large amount of iron, but some of the soils
were deficient in zinc and manganese. Their findings regarding iron, copper, zinc, and manganese contents are
consistent with those of the present study. Atmaca and Boyraz Erdem (2016) found that surface soils in stream
beds in the Central district of Tekirdag in Tiirkiye had sufficient iron, copper, and manganese. On the other hand,
they found that some of the soils were deficient in zinc. Atmaca and Boyraz Erdem’s (2016) findings regarding
iron, copper and zinc are consistent with those of the present study. But their findings regarding manganese are
different with those of the present study. Soils samples collected from a stream terrace in Kahta, Adiyaman were
found to contain low and a moderate amount of available iron, sufficient copper and manganese, and low available
zinc (Celik and Akga, 2017). In surface horizons of soils samples from the Buskerud region of Southern Norway,
total Fe was found to vary between 11.35 and 27.12 g kg* and total Mn was found to vary between 0.25 and 0.37
g kg*. In subsurface horizons, on the other hand, total Fe ranged from 12.36 to 25.13 g kg™ and total Mn ranged
from 0.22 to 0.37 g kg* (Sowinski et al., 2020).
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Table 6. Contents of macro elements of the research

Sample Depth Total N ppm Sample  Depth  Total N ppm
no. (cm) (%) P K Ca Mg no. (cm) (%) P K Ca Mg
1 0-30 0.05 4.96 192.27 7616.83 383.58 13 0-30 0.08 10.06 230.03 5394.24 821.66
30-60 0.03 3.88 200.64 7937.54 405.77 30-60 0.04 4.33 203.18 5510.11 730.58
5 0-30 0.06 8.01 270.36 8165.15 607.91 14 0-30 0.05 7.53 220.58 6408.90 253.23
30-61 0.02 5.08 199.73 7917.88 630.00 30-60 0.02 0.59 98.09 6452.18 296.07
3 0-30 0.03 5.57 123.98 5812.61 313.51 15 0-30 0.02 2.90 143.23 7139.20 285.98
30-60 0.05 5.23 146.69 7203.12 592.64 30-60 0.01 1.26 81.81 6438.30 341.44
4 0-30 0.07 18.89 199.20 6552.37 353.73 16 0-30 0.03 7.75 67.47 6241.91 646.65
30-60 0.04 10.27 168.65 4681.85 334.15 30-60 0.02 6.94 60.01 6099.97 633.47
5 0-30 0.21 80.80 579.63 3137.76 332.94 17 0-30 0.10 10.50 85.87 4533.57 459.74
30-61 0.09 48.10 368.48 4266.27 357.01 30-61 0.05 7.25 57.61 4569.44 563.80
6 0-30 0.19 27.08 152.62 1601.04 191.23 18 0-30 0.06 2.76 176.10 8060.13 223.83
30-61 0.11 21.33 154.29 1695.91 226.63 30-60 0.04 0.91 168.52 7592.28 255.27
7 0-30 0.02 5.78 244.31 7865.14 200.55 19 0-30 0.03 0.08 136.43 7763.85 197.26
30-61 0.02 1.31 113.33 6715.42 154.29 30-60 0.02 0.86 90.43 7608.33 260.29
8 0-30 0.07 22.53 219.37 2952.76 188.61 20 0-30 0.03 2.99 153.90 6628.55 168.01
30-62 0.02 12.76 114.53 1587.79 188.80 30-61 0.01 1.47 177.50 6485.80 209.83
9 0-30 0.03 2.37 233.32 7561.52 411.34 21 0-30 0.04 5.50 350.31 6287.77 185.45
30-61 0.02 0.82 164.09 8606.08 736.33 30-61 0.03 1.18 204.39 6250.37 219.15
10 0-30 0.11 4.83 306.87 8549.18 228.73 92 0-30 0.11 10.53 626.92 6387.76 386.66
30-62 0.03 2.58 197.96 7894.05 247.13 30-65 0.02 0.39 156.77 6355.61 327.30
1 0-30 0.05 3.18 323.88 9648.03 636.86 23 0-30 0.06 5.06 276.20 6468.89 263.46
30-60 0.02 0.10 251.09 8794.55 829.02 30-60 0.02 0.65 114.28 5898.07 289.02
12 0-30 0.02 1.22 194.49 8627.93 246.95 24 0-30 0.09 16.48 222.90 6258.51 468.36
30-60 0.02 0.01 126.02 8689.45 286.26 30-61 0.05 3.42 131.79 6555.82 440.10
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Table 7. Contents of micro elements of the research soils

Sample Depth ppm Sample Depth ppm

no. (cm) Fe Cu Zn Mn no. (cm) Fe Cu Zn Mn
1 0-30 7.61 4.45 0.49 12.67 13 0-30 30.32 3.84 0.73 51.75
30-60 11.40 5.33 0.13 9.19 30-60 37.01 3.65 0.20 41.32

5 0-30 6.91 1.89 0.26 8.00 14 0-30 3.24 1.33 0.19 4,99
30-61 7.98 2.19 0.13 6.43 30-60 3.57 1.30 0.06 2.94

3 0-30 11.88 2.26 0.25 5.31 15 0-30 1.01 1.91 0.45 2.74
30-60 21.30 411 0.26 4,24 30-60 4.24 1.47 0.07 2.75
4 0-30 18.33 5.57 4.00 16.46 16 0-30 14.61 1.88 0.13 39.32
30-60 14.16 4,09 0.92 13.35 30-60 13.49 1.38 0.12 32.62
5 0-30 54.48 6.48 7.29 58.82 17 0-30 33.25 3.45 0.45 47.66
30-61 33.62 8.41 4.70 38.50 30-61 21.37 2.69 0.10 30.13

6 0-30 85.50 3.88 6.53 44.55 18 0-30 3.69 2.10 0.40 5.72
30-61 69.76 5.40 3.69 37.17 30-60 4.30 2.56 0.11 6.22

7 0-30 10.72 452 1.23 12.26 19 0-30 2.85 1.48 0.07 7.60
30-61 8.22 3.19 0.19 7.07 30-60 2.82 1.34 0.05 4,76
3 0-30 45.77 3.55 2.44 34.53 20 0-30 3.43 1.64 0.11 10.81
30-62 24.34 3.12 0.43 28.79 30-61 455 1.35 0.10 6.12

9 0-30 16.10 3.98 0.27 12.26 1 0-30 1.41 1.60 0.62 4.63
30-61 5.86 2.39 0.09 2.51 30-61 3.95 2.18 0.13 453

10 0-30 7.87 3.43 0.32 14.80 29 0-30 6.07 417 0.56 8.46
30-62 7.40 3.97 0.08 10.87 30-65 3.07 1.94 0.07 4.67

1 0-30 6.17 2.65 0.11 9.25 23 0-30 3.29 1.58 0.18 6.48
30-60 7.17 2.57 0.07 5.79 30-60 2.97 1.66 0.04 2.95
12 0-30 2.91 1.87 0.06 5.54 24 0-30 17.40 2.65 0.84 35.04
30-60 2.22 1.93 0.04 1.75 30-61 10.75 2.05 0.23 25.71
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Table 8 reports descriptive statistics for the soil parameters in the study, and Table 9 reports correlation
coefficients and results of the correlation analysis carried out for surface and subsurface soil samples. For all
surface and subsurface soils: Results of the correlation analysis showed that here was a positive (+) relationship
between pH-lime, pH-Ca, total salt-Ca, total salt-Mg, OM-total nitrogen, OM-P, OM-K, OM-Fe, OM-Cu, OM-
Zn, OM-Mn, total nitrogen-P, total nitrogen-Fe, total nitrogen-Cu, total nitrogen-Zn, total nitrogen-Mn, P-K, P-
Fe, P-Cu, P-Zn, P-Mn, K-Cu, Fe-Cu, Fe-Zn, Fe-Mn, Cu-Zn, Cu-Mn, and Zn-Mn. On the other hand, there was a
negative (-) relationship between pH-OM, pH-total nitrogen, pH-P, pH-Fe, pH-Cu, pH-Zn, pH-Mn, lime-OM,
lime-total nitrogen, lime-P, lime-Fe, lime-Cu, lime-Mn, OM-Ca, total nitrogen-Ca, P-Ca, Ca-Fe, Ca-Zn, and Ca-
Mn. In addition, a positive (+) relationship was found between total nitrogen-K in surface soils, and between pH-
total salt and K-Zn in subsurface soils. A negative (-) relationship was found between lime-Zn in surface soils, and
between total salt-Mn in subsurface soils. In a similar study, Atmaca and Nalbant (2018) performed correlation
analysis of the surface soil (0-30 cm) characteristics of the orchards around the western parts of the Avutmus Creek
in Sebinkarahisar district. They determined that there was a positive (+) relationship between salt-lime, OM-total
N, OM-P, OM-Fe, OM-Cu, OM-Zn, total N-P, total N-Fe, total N-Cu, total N-Zn, P-K and Fe-Cu. On the other
hand, they found that there was a negative (-) relationship between pH-OM, pH-total N, pH-Fe, pH-Cu, salt-Mn

and lime-Mn.

Table 8. Descriptive statistics for the soil parameters in the study

Surface Soils (0-30 cm) (N:24)

Parameter
Minimum Maximum Mean Std. Deviation
pH 5.84 7.98 7.35 0.57
Tot.Salt (%) 0.01 0.05 0.02 0.01
Lime (%) 0.00 38.30 12.35 11.78
OM (%) 0.32 4.16 1.34 1.00
Tot.N (%) 0.02 0.21 0.07 0.05
P (ppm) 0.08 80.80 11.14 16.33
K (ppm) 67.47 626.92 238.76 132.60
Ca (ppm) 1601.04 9648.03 6485.98 1908.15
Mg (ppm) 168.01 821.66 352.34 175.99
Fe (ppm) 1.01 85.50 16.45 20.41
Cu (ppm) 1.33 6.48 3.01 1.40
Zn (ppm) 0.06 7.29 1.17 1.98
Mn (ppm) 2.74 58.82 19.15 17.56
Parameter Subsurface Soils (30-60/61/62/65 cm) (N:24)
Minimum Maximum Mean Std. Deviation
pH 6.06 8.05 7.45 0.58
Tot.Salt (%) 0.01 0.04 0.02 0.01
Lime (%) 0.00 37.90 13.37 12.31
OM (%) 0.14 2.16 0.65 0.48
Tot.N (%) 0.01 0.11 0.03 0.02
P (ppm) 0.01 48.10 5.86 10.27
K (ppm) 57.61 368.48 156.25 67.30
Ca (ppm) 1587.79 8794.55 6325.26 1906.17
Mg (ppm) 154.29 829.02 398.10 197.60
Fe (ppm) 2.22 69.76 13.56 15.42
Cu (ppm) 1.30 8.41 2.93 1.68
Zn (ppm) 0.04 4.70 0.50 1.16
Mn (ppm) 1.75 41.32 13.77 13.49
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Table 9. Correlation coefficients (r) and results of the correlation analysis for surface and subsurface soil samples

Surface Soils (0-30 cm)

“p<0.05, “p<0.01

pH Tot.Salt Lime oM Tot.N P K Ca Mg Fe Cu Zn
Tot.Salt 0.289
Lime 0.720™ 0.105
OM -0.698**  -0.230 -0.417*
Tot.N  -0.696**  -0.217 -0.412* 0.999**
P -0.542**  -0.245 -0.412* 0.788**  (0.798**
K 0.027 0.334 0.145 0.472* 0.482* 0.497*
Ca 0.747**  0.650** 0.353 -0.668**  -0.660** -0.650**  -0.046
Mg -0.266 0.444* -0.355 0.009 0.010 -0.015 0.013 0.122
Fe -0.882**  -0.365 -0.608**  0.781**  0.777**  0.679** 0.041  -0.860**  0.011
Cu -0.485* 0.073 -0.568**  0.602**  0.593**  0.652**  0.436* -0.363 0.106  0.546**
Zn -0.605**  -0.313 -0.453* 0.802**  0.799**  0.865** 0.299  -0.712** -0.176  0.831** 0.683**
Mn -0.899**  -0.308 -0.719**  0.679**  0.680**  0.673** 0.039  -0.723** 0377  0.799** 0.522** (0.597**
Subsurface Soils (30-60/61/62/65 cm) "p<0.05, "p<0.01
pH Tot.Salt Lime oM Tot.N P K Ca Mg Fe Cu Zn
Tot.Salt  0.445*
Lime 0.736** 0.117
OM -0.586**  -0.266 -0.506*
Tot.N  -0.607**  -0.330 -0.505* 0.992**
P -0.549**  -0.389 -0.478* 0.747**  0.752**
K 0.058 0.278 -0.189 0.425* 0.379 0.553**
Ca 0.798**  0.733** 0.392 -0.517**  -0.550** -0.586**  0.066
Mg -0.082 0.572** -0.243 0.011 -0.041 -0.079 0.144 0.325
Fe -0.798**  -0.336 -0.556**  0.838**  0.843**  0.647** 0.209  -0.723**  0.060
Cu -0.420* -0.123 -0.530**  0.770**  0.755**  0.817**  0.681**  -0.369 -0.023  0.644**
Zn -0.497* -0.381 -0.390 0.841**  0.853**  0.933**  0.541** -0.571** -0.163  0.736** 0.795**
Mn -0.860**  -0.422*  -0.771**  0.640**  0.649**  0.655** 0.153  -0.695**  0.167  0.786**  0.507* 0.576**
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4. Conclusions

This study presents climate classification for Sebinkarahisar district for the 48 years (1965-2012), on the basis of
Thornthwaite (1948), De Martonne-Gottman (De Martonne, 1942; Baltas, 2007), and Ering (Ering, 1965; Ering, 1984)
methods. Using the Thornthwaite (1948) method, the climate index was found to be C; B'1 s b's (Moist subhumid),
and its climate feature was found to be first mesothermal, large summer water deficiency, summer concentration
54.57%. Using the De Martonne-Gottman (De Martonne, 1942; Baltas, 2007) method, aridity index was found to be
17.74, and the climate type was classified as semi arid - humid. According to the Ering (Ering, 1965; Ering, 1984)
method, precipitation efficiency index was found to be 39.32, and the climate type was classified as semi humid.

Analysis results showed that soils in the study area had deficiencies in organic matter, total nitrogen, phosphorus,
potassium, magnesium, iron, zinc, and manganese, and a fertilization planning that includes poultry manure, green
manure, compost, vermicompost, and organic fertilizers containing various macro and micro elements, in addition to
barnyard manure, is recommended for fertility. Moreover, analysis of the pH values and lime contents of the soils
should also be taken into account for important agricultural work such as irrigation, growing plants, and tilling the land.
Plant species and varieties to be grown in the study area should be selected from among those suitable for transitional
climate conditions. Waters of the streams in the areas from which soil samples were collected should also be analyzed.
For agricultural activities (tillage, irrigation, harvesting, fertilization, etc.), it will be useful to map the elevation, slope
and aspect characteristics of the lands located in the stream beds in the study area.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Sarapcilik Atigi ile Yapisi Giiclendirilmis Balik Jelatininin Reolojik Ozellikleri Uzerine
pH ve Gamma Isinlamanin Kombine Etkisi

The Combined Effect of pH and Gamma Irradiation on the Rheological Properties of Winery
Waste-enhanced Fish Gelatin

Tuncay GUMUS?, Deniz Damla ALTAN KAMER?, Giilce Bedis KAYNARCA?, Tugba
GUNAYDI*

Oz

Balik jelatinindeki zayif jel kuvvetini yiikseltmek ve kullanim alanlarini genigletmek i¢in bir takim modifikasyon
calismalar1 yapilmaktadir. Bu calismada balik jelatininin reolojik o6zellikleri iizerine ¢apraz bag olusturmak
amaciyla %20 sarap tortusu (WL) ilave edilerek farkli pH degerlerinde (3, 5 ve 7) yiiksek doz gamma
1sinlamanin(10, 20 ve 30 kGy), etkisi incelenmistir . WL ilavesi ile jelatinde en yiiksek jel kuvveti 2380.68+34.45
Pa olarak tespit edilmistir. WL ilavesi 6rneklerin jel mukavemetini %52 oraninda arttirmistir. 10, 20 ve 30 kGy
1sinlama dozuna gore soliisyonlarin jel kuvvetleri sirasiyla 1351.74, 646.80 ve 599.87 Pa olarak tespit edilmistir.
Uygulanan 1gimlama dozlari igerisinde jellesme kinetigi yoniinden en iyi sonu¢ 10 kGy ile elde edilmigtir. WL
ilavesiz kontrol grubunun jellesme orani kgel degeri 286.03 Pa, WL ilaveli kontrol grubunun kge degeri ise 332.64
Pa olarak tespit edilmistir. Isinlama gruplari arasinda en yiiksek kgel degeri 10 kGy 1sinlanan 6rnekte 184.43 Pa
olarak belirlenmistir. Tim jelatin soliisyonlarnm Power-law modeli ile uyumlu oldugu ve elastik 6zelliklerinin
viskoz 6zelliklerden daha baskin oldugu tespit edilmistir. Kivam indeksi K’ degeri 2373. 25 Pa.s olarak en yiiksek
1smlanmamig WL ilaveli 6rnekte bulunmustur. 10, 20 ve 30 kGy gamma 1smlama jelatinin erime derecesini 6nemli
diizeyde arttirmis ve erime dereceleri sirasiyla 45.36,43.61 ve 35.41 °C olarak belirlenmistir. pH degerleri jelatinin
jel kuvveti, jellesme ve erime derecelerini 6nemli diizeyde etkilemistir. pH3’de jelatin soliisyonlarinin daha diisiik
jel kuvveti ve erime derecesi degerlerine sahip oldugu pH7’nin yapiy1 degistirmedigi pHS5’in ise tiim reolojik
ozellikleri arttirdig1 tespit edilmistir. pHS ile kge degerinde %30 oraninda bir artis ve erime derecesinde de kontrol
Ornege gore 2 kat artis tespit edilmis olup en yiiksek erime derecesi 48.72 °C’ye ulasilmistir.
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Abstract

The effects of high-dose gamma irradiation, different pH values, and the addition of wine residue (WL) on the
rheological properties of fish gelatin were investigated. The gelation kinetics, gel strength, gelation, and melting
temperatures of gelatin with 20% WL addition were studied by subjecting it to gamma irradiation at 10, 20, and
30 kGy doses and pH 3, 5, and 7. With the addition of WL, the highest gel strength was determined as
2380.68+34.45 Pa in gelatin. The samples' gel strength increased by 52% with the addition of WL. The solutions'
gel strengths were determined to be 1351.74, 646.80, and 599.87 Pa for 10, 20, and 30 kGy irradiation dosages,
respectively. As for gelation kinetics, 10 kGy was the most effective irradiation level. The control group without
WL had a gelation rate kgel value of 286.03 Pa, and the control group with WL had a kgel value of 332.64 Pa. The
irradiation group with the greatest kgel value was found to be the 10kGy group, with a value of 184.43 Pa. It was
determined that all gelatin solutions were compatible with the Power-law model and elastic properties were more
dominant than viscous properties. The consistency index K’ value was found to be 2373. 25 Pa.s in the highest
non-irradiated WL added sample. Gelatin's melting point was dramatically raised by gamma irradiation at 10, 20,
and 30 kGy; the resulting melting points were 45.36 °C, 43.61 °C, and 35.41 °C, respectively. The degrees of
melting, gelation, and gel strength of the gelatin were all considerably impacted by the pH levels. The gel strength
and melting point values were found to be decreased in pH:3 gelatin solutions, but at pH:7 the structure was
unaffected and at pH:5 all rheological properties were enhanced. In comparison to the control sample, pH:5
produced a 30% rise in kgel value and a 2-fold increase in melting point. The highest melting point was reached
at 48.72 °C.

Keywords: Fish gelatin, Wine residue, Rheology, Gamma irradiation, Gel kinetics
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1. Giris

Jelatin, benzersiz fonksiyonel ve teknolojik 6zellikleri ile modern endiistrileride 6zellikle gida, ilag, kozmetik
ve fotograf tiriinlerinin islenmesinde yaygin olarak kullanilan bir biyopolimerdir (Karim ve Bhat, 2009). Jelatin,
stabilize etme 6zelligi, tiiketiciye verdigi "agizda erime" hissi, elastikiyet ve kivam verici 6zellikleri sayesinde
gida uygulamalarinda ¢ok yonlii ve en ¢ok kullanilan jellestirici maddelerden biridir (Ahmed, 2017; Nieto-Suarez
ve ark., 2016; Van Nieuwenhove ve ark., 2016). Gida endiistiirisinde sekerlemelerde (¢igneme, doku ve kopiik
stabilizasyonu), az yagh siiriilebilir tirlinlerde (kremsilik, yag azaltma ve agiz hissi), siit iiriinlerinde (stabilizasyon
ve tekstiir), unlu mamullerde (emiilsifikasyon, jellesme ve stabilizasyon) ve et lirlinlerinde (su baglama) farkli
teknolojik amaglar i¢in kullanilmaktadir (Schreiber ve Gareis, 2007). Bir gida bileseni olarak yenilebilir jelatin
protein bazli bir {irlin olup, Avrupa Birligi ve Tiirk Gida Kodeksinde katki maddesi olarak kabul edilmemektedir.
Ticari jelatin neredeyse tamamen (%98.5); domuz derisi (%46), sigir derisi (%29.54), domuz ve sigir kemigi
(%23.1) ve balik derisi (%]1.5) dahil olmak tizere hayvan kaynaklarindan elde edilmektedir (Duconseille ve ark.,
2015; Gémez-Guillén ve ark., 2009; Karim ve Bhat, 2009). Son on yilda, kiiresel jelatin tiretimi yaklasik 200.000
ton artig gostermis olup, 2024 yilinda kiiresel jelatin pazar hacminin yaklasik 650.000 tona ulagmasi
beklenmektedir. Jelatinin 2020 y1linda 3.2 milyar dolar olan piyasa degerinin de 2027 yil1 sonuna kadar 6.7 milyar
dolara ¢ikmasi 6ngériilmektedir (Anonim, 2020).

Domugz, sigir gibi hayvanlardan elde edilen kollajen ve jelatinler, Miisliimanlarin helal gida, yahudilerin Kosher
kurallar1 ve Hint kiiltliriniin inek kiiltiir hassasiyetlerine uymayan, bu inanglarda kullanilmasi ve yenilmesi
sakincali olan driinlerdir (Sha ve ark., 2014). Ayrica, memeli hayvanlardan iiretilen jelatinin kullanimi, Bovine
Spongiform Encephalopathy (BSE; Deli Dana Hastalig1) ve Food and Mouth Desease (FMD, Sap Hastalig1) gibi
hastalik riskleri tagimasi nedeniyle endiseye sebebiyet vermektedir (Karim ve Bhat, 2009; Songchotikunpan ve
ark., 2008). Sonug olarak, insan sagligi, dini hassasiyetler ve ¢evresel siirdiiriilebilirlik ile ilgili endiseler nedeniyle
hayvan jelatin alternatiflerine olan talep artmistir. Bu alternatiflerin baginda balik jelatini gelmektedir (Huang ve
ark., 2017a; Sow ve Yang, 2015). Jelatin kaynag olarak atik ve gevresel kirlilik olusturan balik endiistrisi yan
iiriinlerinin siirdiirtilebilirligini gbz oniinde bulundurmak 6nemlidir. Balik filetosu iiretiminde ortaya ¢ikan atik
orant balik agirligi iizerinden %75 seviyelerine ulagmakta ve bu atiklarin da yaklasik %30’u jelatin iiretiminde
kullanilabilme potansiyeline sahip deri ve kemiklerden olusmaktadir (Mariod ve Fadul, 2013). Jelatinin ekonomik
olarak 6nemli ii¢ temel 6zelligi; jel giicii, viskozite ve erime sicakligidir (Huang ve ark., 2019). Balik jelatininin
gida sektoriinde kisitli kullanim alani bulmasinin temel nedeni diisiik erime derecesi ve zayif jel kuvvetine sahip
olmasidir (Voigt ve Botta, 1990). Balik jelatinin teknolojik 6zelliklerini gelistirmek amaciyla transglutaminaz
ilavesi (Norziah ve ark., 2009), fenolik bilesiklerin ilavesi (Poungchawanwong ve ark., 2020), yiiksek basing gibi
capraz baglanma ajanlarinin kullanimi (Gémez-Guillén ve ark., 2005), UV radyasyon uygulamalari (Otoni ve ark.,
2012), balik jelatinin gesitli karbonhidratlar (Bostar ve Hosseini, 2021; Kotodziejska ve Piotrowska, 2007),
proteinler (Cai ve ark., 2016), ve tuzlar (Sow ve Yang, 2015) ile muamele edilmesi gibi pek ¢ok modifikasyon
calismasi yapilmigtir. Balik jelatini bol miktarda bulunmasi, biyo¢oziiniir dzellikte olmasi, milkemmel film
olusturma &zelliklerine sahip olmasi, diisiik su iceriginde oksijen ve aromalara karsi iyi bir bariyer etkisine sahip
olmasi ve nispeten diisiik maliyetli olmas1 gibi avantajlara sahiptir. Yiiksek dozda 1sin uygulamasi gibi fiziksel bir
yontem ise, jelatinin fiziksel, kimyasal ve biyolojik 6zelliklerini degistirmede kullanilabilecek diisiik maliyetli ve
gevresel bir alternatif olabilir (Benbettaieb ve ark., 2016). Ayrica, 1sinlama uygulamasi daha az numune ile, daha
hizl1 ve herhangi bir katalizor veya sicaklik artis1 gerektirmeyen bir yontemdir (Woods ve Pikaev, 1993). Gama
radyasyonunun jelatinin mekanik 6zelliklerine etkisi hakkinda cesitli caligmalar bulunmakla birlikte 1g1mnlanmis
balik jelatinin reolojik karakterizasyonu ile jel mekanizmasinda meydana gelen degisimlerin incelenmesi ile ilgili
caligmalar kisitlidir.

Bitkilerde yiiksek oranlarda bulunan polifenoller, dogal capraz baglayicilar olarak dikkat g¢ekmekte ve
etkilesimleri bazi gida iiriinlerinde kilit rol oynamaktadir (Balange ve Benjakul, 2010). Prolinin halka yapisi
hidrojen baglarinin sarmal bir konfigiirasyona ge¢cmesini engellediginden, balik jelatini gibi bu amino asit
acisindan zengin proteinler fenolik molekiiller i¢in daha yiiksek bir afiniteye sahiptir (Karabulut ve Yemis, 2019).
Bitki kaynakli fenolik asitler ve flavonoidlerin (kafeik asit, klorojenik asit, ferulik asit ve rutin gibi), oksitleyici
kosullar altinda kovalent ¢apraz baglantilar iiretmek icin jelatin yan zincirleri ile reaksiyona girdigi bildirilmistir
(Strauss ve Gibson, 2004). Sarap iiretimi, milyarlarca dolar degerinde kiiresel bir endiistridir ve yiiksek fenolik
icerige sahip bol miktarda yan {iriin iretmektedir (Brostrom ve Brostrom, 2008). Sarap endiistrisi, biiyiik miktarda
yan {irlin iiretmekte ve bu yan iriinler biyotiriinler iiretmek i¢in muazzam potansiyele sahiptir. Sarap iiretiminde
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ortaya ¢ikan atiklarin %60’ 1n1 iiziim posasi olustururken, %25’ini de sarap tortusu (Wine lees) olusturmaktadir.
Tarimsal atiklarin balik jelatininin yapisal iyilestirilmesinde dogrudan kullanimi bilimsel literatiirde nadiren
incelenmektedir. Sarap tortusu ile zenginlestirilmis balik jelatinin reolojik karakterizasyonun ortaya konuldugu,
ayn1 zamanda yiiksek doz gama 1sm1 uygulamasi ile ¢apraz baglanma etkisinin reolojik analizler ile ortaya
kondugu bir ¢alisma bulunmamaktadir.

Bu calismada, sarap tortusu ile yapisi giiclendirilmis balik jelatinin farkli pH degerlerinde yiiksek doz
1stnlanmasi ile reolojik dzelliklerinde meydana gelen degisikliklerin incelenmesi amaglanmustir. Ozellikle yiiksek
dozda gamma 1ginlamanin tercih edilme nedeni, balik jelatini ile sarap tortusu arasinda pH etkisiyle ¢apraz baglarin
olusturularak yapinin gii¢lendirilmesi hedeflenmistir. Bu kapsamda isinlanmis ve 1smlanmamis Orneklerde
jellesme kinetigi, jellesme ve erime dereceleri ile jel kuvvetleri incelenmistir.

2. Materyal ve Metot
2.1. Materyal

Balik jelatini Cipura (Sparus aurata L.) derisinden iiretilmistir. Balik atiklar1 Dardanel Onentas Gida San. A.S.’den
derisiz fileto iiretim atig1 olarak temin edilmistir. Sarap tortusu Tekirdag, Sarkdy ilgesinde bulunan yerel bir sarap
iretim firmasidan Cabernet Sauvingnon iiziimlerinin sarapgilik atigi olarak temin edilmistir. Balik atiklari, ve sarap
tortusu kullanilana kadar -18°C’ de muhafaza edilmistir.

2.2. Metot
2.2.1. Balik Jelatini Ekstraksiyonu

Balik jelatini tiretiminde kullanilan atik balik derileri ekstraksiyon dncesi donuk formdayken bir makas yardimiyla
yaklagik 3x3 cm boyutlarinda kesilmistir. Kesilen deriler musluk suyu ile yikandiktan sonra 5°C” deki 0.5 M NaCl
icerisine daldirilarak 5 dakika boyunca bir baget yardimu ile karigtirilmustir (Isik, 2018). Ardindan deriler NaOH (1:5
w/v) igerisinde ¢alkalamali bir inkiibator cihazinda (The Lab Companion, IS-971R) 20°C ve 180 rpm’de 40 dakika
karistirllmistir. NaOH igerisinde sigen deriler distile su ile ii¢ kez yikanarak ekstraksiyonun ikinci agamasina gecilmistir.
Deriler 18 saat boyunca 50°C ve 180 rpm’de 0.1 M asetik asit ¢ozeltisi ile ekstrakte edilmistir. Ekstraksiyonun ardindan
¢ozelti kaba filter kagidindan gecirilmis ve filtrat 70°C sicaklikta etiivde kurutularak yaprak jelatinler elde edilmistir.
Yaprak jelatinler 6giitiilerek -18°C’* de muhafaza edilmistir (Garcia ve del Carmen Guillen, 2003).

2.2.2. Sarap Tortusunun Ekstraksiyonu

Sarap tortusu ekstraksiyonun daha etkili uygulanmas1 amaciyla dgiitiilerek kullamlmistir. Qgiitiilmiis tortu %70
etanol ile 1:5 (w/v) oraninda karistirilmis ve ardindan 25°C'de 48 saat boyunca bir orbital ¢alkalayicida (INFORS HT
Ecotron, Isvicre) ekstrakte edilmistir. Elde edilen ekstrakt kaba filtre kagidindan siiziilmiis ve rotary evaporatdr (SCI
LOGEX, RE 100-PRO) yardimiyla 50-55°C’de ¢dzgenleri ugurulmustur. Ekstraktlarin geri kazanimi distile su ile
coziilerek yapilmistir. Ekstraktlar analizlerde kullanilincaya kadar -18 °C' de muhafaza edilmistir.

2.2.3. Sarap Tortusu Iceren Jelatin Soliisyonlarinin Hazirlanmast

Sarap tortusu ektrakti, jelatin sollisyonlarma % kuru madde orani {izerinden hesaplanarak jelatin agirligmmn
yiizdece %20’sini olugturacak sekilde ilave edilmistir. %20 konsantrasyon 6nceki ¢alismalarimizda gergeklestirilen
optimizasyona gore belirlenmistir (Kaynarca ve ark., 2022). Kontrol grubu soliisyonlar ve sarap tortusu ilaveli
soliisyonlarm hazirlanigina iligkin detaylar ve 6rnek kodlamalari Tablo 1°de gosterilmektedir. Tiim 6rneklerde jelatin
oran %6.67 (g mL™) olarak sabit tutulmustur. Oncelikle tiim érmekler igin jelatin tartildiktan sonra distile su igerisinde
hidratize olmas1 amaciyla 20 dakika 25°C’de bekletilmistir. Ardindan jelatin homojen olarak ¢oziiniinceye dek
60°C’de 200 rpm’de manyetik karistirict ile karigtirtlmistir. Jelatin tamamen ¢oziindiikten sonra sarap tortusu
ekstraktlar ilave edilmis ve 0.1N NaOH ve IM HCI kullanilarak 6rneklerin pH degerleri 3.5 ve 7°ye ayarlanmustir.
Son hacim distile su ile tamamlandiktan sonra soliisyonlar 15 dk 50°C’de 200 rpm’de karistirilarak homojen olmasi
saglanmigtir. Hazirlanan soliisyonlarin 10, 20 ve 30kGy dozunda 1ginlama islemine tabi tutulmus ve ardindan 4°C’de
24 saat beklendikten sonra reolojik analizler gergeklestirilmistir. Tablo 1’de jelatin soliisyonlarinin formiilasyonu
verilmistir.
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Tablo 1. Jelatin soliisyonlarinin formiilasyonu

Table 1. Formulation of gelatin solutions

X ) Balik Sarap »
Ornek Ornek detayr jelatini (g tortusu Distile su pH Isinlama
kodu T ekstrakti (mL) dozu (kGy)
(WLE, mL)
FG Kontrol balik jelatini 1.33 - 20 - -
WFG Kontrol, %20 WLE 1.33 2.30 20 - -
1G %20 WLE, 10 kGy 1.33 2.30 20 - 10
2G %20 WLE, 20 kGy 1.33 2.30 20 - 20
3G %20 WLE, 30 kGy 1.33 2.30 20 - 30
2G/3P %20 WLE, pH 3,00 1.33 2.30 20 3.00 20
2G/5P %20 WLE, pH 5,00 1.33 2.30 20 5.00 20
2G/7P %20 WLE, pH 7,00 1.33 2.30 20 7.00 20

2.2.4. Soliisyonlarin isinlanmast

Jelatin soliisyonlar1 polipropilen (PP) kaplar igerisinde paketlenmis ve Gammapak Sterilizasyon San. ve Tic. A.S.,
Cerkezkoy Tekirdag’da Cobalt 60 (1.25 MeV) gamma 1sin1 (mds, Nordion, Kanada) kaynagina maruz birakilmustir.
Gamma 1sinlama 1 kGy h doz oranu ile ii¢ hedef doz (10,20 ve 30 kGy) olacak sekilde gergeklestirilmistir. Absorbans
dozlari, Horwell Amber Perspex dosimeter kullanilarak kontrol edilmistir. Absorbe edilen radyasyon enerjisi i¢in birim,
1 JKg? ve 100 rad'a esdeger olan greydir (Gy) (Bilgin ve ark., 2022).

2.2.5. Sarap tortusu ilaveli jelatin soliisyonlatinin reolojik karakterizasyonu

Isinlanmis jelatin soliisyonlarinin reolojik ozellikleri, sicaklik kontrollii (peltier sistem) Discovery Hybrid
Rheometer-2 (TA Instruments New Castle, ABD) cihazi1 kullanilarak gergeklestirilmistir. Ol¢iimler 35 mm ¢apinda
paralel plakali geometri kullanilarak 750 um mesafe (gap) araliginda yapilmistir. Reolojik analiz verileri uygun model
analizleri kullanilarak TA reometre Veri Analiz yazilimi (V3.0) ile test edilmistir.

Soliisyonlarin reolojik karakterizasyonu ortaya koymak amaciyla soliisyonlara 6ncelikle jel kinetigi analizleri
yapilmistir. Time sweep analizi igin soliisyonlar reometreye 24 °C’de yerlestirilmis ve ardindan soliisyonun dengeye
gelmesi amaciyla 1°C/dakika hizda sicaklik 4°C’ye disiiriilmistiir. Soliisyonlarin lineer viskoelastik bolgeleri
belirlendikten sonra time sweep analizi 4°C’de 4000 saniye boyunca 1 Hz sabit frekansta ve %! strainde
gergeklestirilmistir (Kuan, Nafchi, Huda, Ariffin, ve Karim, 2016). Birikim modiilii (G') elastikiyet, kayip modiilii (G")
ise viskoelastik karakterin 6l¢iisii olarak ifade edilmistir.

Jellesme oranlarmm analiz edilmesi amaciyla time sweep analizinde bulunan G’ degerleri Esitlik 1’de
yerlestirilerek kgel degerleri hesaplanmugtir.

Gr = Kger In(tge) +C (Es. 1)
Gt, t siiredeki G' degeri

tgel; jelasyon siiresi,

C; logaritmik denklem sabiti

kgel; jellesme hizi sabiti

daha sonra Esitlik 2 kullanilarak jellesme sisteminin G'ref” e ulagmasi i¢in gereken siire (tmodel) hesaplanmustir.

! g—
tmodel = elGref ©/kget (Es.2)

Soliisyonlarin depolama siiresince olan jel stabilitesini belirlemek frequency sweep testi yapilmistir. Agisal donme
hiz1 0.1-10 Hz (Anvari ve Chung, 2016) ve %l strainde 6l¢lim yapilmigtir. Depolama uyumlulugu J' degeri Esitlik 3
ve Esitlik 4 kullanilarak hesaplanmugtir.

G

J' = (Es. 3)
G = (Es. 4)
IN
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Son olarak soliisyonlarin erime dereceleri ve jellesme derecelerini belirlemek amaciyla temperature sweep testi
yapilmustir. Oncelikle son sicakliklart 4°C olan &rneklerin sicakligi 10°C’ye yiikseltilmis ve bu noktada dengeye
gelmeleri beklenmistir. Ardindan 1°C/dakika hiz ile 6rneklerin sicakligi 40°C’ye yiikseltilmistir. Erime sicakligi1 G’ ve
G"’m kesistigi nokta olarak belirlenmistir. G"”1n 6nemli dlciide yiikseldigi nokta ise jellesme sicakligi olarak kabul
edilmistir.

2.2.6. Istatistiksel analiz

Orneklerin istatistilsel degerlendirmesi, reoloji grafiklerinin ¢izimi ve verilerin hesaplanmasi Origin 8 programinda
yapilmistir. Tiim 6rnekler ti¢ tekerriirlii olarak ¢alisilmis ve sonuglar, ortalama + SD (n = 3) olarak sunulmustur.
Ortalamalar arasindaki 6nemli farklar (p<.05), SPSS 17.0 (SPSS Inc., Chicago, IL, ABD) kullanilarak tek yonlii
ANOVA ile Duncan'in ¢oklu karsilagtirma testi araciligiyla analiz edilmistir.

3. Arastirma Sonuclar1 ve Tartisma
3.1. WL ilaveli jelatin soliisyonlarimin jellesme kinetigi

Sarapcilik endiistrisinde fermentasyon sonu atig1 olarak ¢ikan, fenolik bilesen, organik asit, antioksidan, maya
hiicreleri ve inorganik maddelerce zengin tortu ekstraktinin (WL) balik jelatini ile interaksiyonunda gamma
1sinlanma ve farkli pH degerlerinin etkisini belirlemek amaciyla hidrojellerin stabilite ve kararliliklarinin tespiti
icin ilk olarak time sweep analizi yapilmistir. 10, 20 ve 30 kGy dozunda uygulanan gamma 1silamanin etkisi Seki/
1’de verilmigtir. Elastik sertligin 6l¢iisii olan birikim modiiliiniin (G") 6rneklerin tiimiinde viskoz sertligin 6l¢iisii
olan kayip modiili (G") parametrelerinden yaklasik 2 log daha fazla oldugu goriilmektedir. En yiiksek G'
degerlerinin 1sinlanmamis WL ilaveli balik jelatin soliisyonlarinda oldugu tespit edilmistir. Fenolik bilesiklerin,
jelatin ile kovalent ve non-kovalent etkilesimlere girerek jellerin yapisal ve fonksiyonel 6zelliklerini gelistirdigi
bilinmektedir (Kaynarca ve ark., 2022). Buna gore 1sinlama dozu arttik¢a 6rneklerin G' ve G" degerleri diismiis
dolayisiyla kararliliklari azalmustir. Isinlama iglemi jelatin zincirlerinin kovelent baglarmi kirarak geri doniigiimsiiz
molekiiler degisikliklere sebebiyet verebilmektedir (Bessalah ve ark., 2022). Bu sebeple caligmamizda gida
sterilizasyonunda kullanilan gamma 1g1nlama doz aralig1 (5-30 kGy) (Bessalah ve ark., 2022) baz alinarak se¢ilen
1sinlama gruplarini kendi aralarinda karsilagtirdigimizda en iyi sonuglarin 10 kGy 1sinlanan 6rnek gruplarinda
oldugunu 20 kGy ve 30 kGy 1sinlanan 6rneklerin arasindaki farkin az oldugu ve yapiy1 olumsuz yonde etkiledikleri
belirlenmistir. 20 ve 30 kGy 1sinlama arasindaki farkin az olmasi jelatin-WL interaksiyon zincirlerinin biiyiik
¢ogunlugunun 20 kGy’lik 1ginlanma sonucu tahrip olmasi ile agiklanabilir (Lin ve ark., 2017).

Isinlama ve pH’m etkisini birlikte incelemek amaciyla 3, 5 ve 7 pH degerlerinde hazirlanmis WL ilaveli jelatin
soliisyonlart orta nokta olan 20 kGy dozunda gamma iginlamaya maruz birakilmistir. Bu 6rneklerin birikim ve
kayip modiilleri Sekil 2’de verilmistir. Bunun sonucunda 20 kGy 1sinlanmig pH ayarlanmamis 6rnege (pH 4.73)
gore pH3 olan 6rneklerin daha diisiik G' ve G" degerlerine sahip oldugu pH7’ nin yapiy1 degistirmedigi pH5’in ise
G've G" parametrelerini arttirdigi tespit edilmistir. pH degerinin jelatinin jel kuvveti, jellesme ve erime dereceleri,
emiilsiyon stabilitesi ve zeta-potansiyelini etkiledigi bildirilmistir (Wang ve ark., 2022). Jelatinin farkli pH
degerlerindeki davranigini incelemek gida matrisinde kullanim1 hakkinda fikir sahibi olmamiz agisindan oldukg¢a
onemlidir.

Jelatin soliisyonlarinin jellesme kinetiklerine ait parametreler ve tmogel degerleri Tablo 2°de verilmistir. Jelatinin
jellesmesi, kovalent olmayan etkilesimlerle capraz baglarin olusumuna yol acan zincirler arasi iligkileri igerir.
Jellesme ile jelatin sarmaldan (coil) helikse yapisal bir doniistim gerceklestirmektedir. Bu doniisiim biiytik dl¢lide
pH, sicaklik ve konsantrasyondan etkilenmektedir (Kuan ve ark., 2016). Sade balik jelatini igeren 1smlanmamig
soliisyonun (FG) jellesme oranini gosteren kge degeri 286.03 Pa iken WL ilaveli 1sinlanmamis 6rnegin kgel degeri
ise 332.64 Pa olarak tespit edilmistir. Gamma 1ginlamasina maruz birakilan tiim 6rneklerin Kgei degeri kontrol
gruplarinda istatiksel olarak diisiik ¢ikmistir (p<<0.05). Isinlama gruplar1 arasinda en yiiksek deger 10kGy 1sinlanan
ornekte bulunurken 20 ile 30kGy 1s1lama arasinda istatiksel olarak dnemli bir fark bulunamamistir (p>0.05). pH
uygulamasinin etkisini inceledigimizde 20kGy 15inlanmis 6rnege gore kgel degeri yaklasik %30 oraninda bir artis
gostermistir. Jel kinetigi parametrelerinden biri olan denklem sabiti (C) tiim Orneklerde negatif degerlerde
bulunurken en diigiik deger WFG ve 2G/5P orneginde tespit edilmis ve en yiiksek deger 2G/7P 6rneginde
bulunmustur. Jel kinetigi denklemine ait R? degerleri ise tiim 6rneklerde 1’e olduke¢a yakin bulunmustur.

Jelatin soliisyonlarin jellesme siireleri hakkinda bilgi sahibi olmak amaciyla tmedel degerleri hesaplanmistir. Bu
maksatla dncelikle G'rer degeri Esitlik 1°de t model yerine analiz siiresi olan 4000 saniye yazilarak hesaplanmistir.
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Sade balik jelatini i¢in 4000 saniye sonunda G'rer degeri 2001 Pa olarak bulunmustur. Ardindan diger tim
soliisyonlar i¢in G'rer degerine ulasilmasi i¢in gececek siire tmodel 0larak hesaplanmistir. Buna gére WFG 6rneginde
bu siire yar1 yartya kisalarken diger 6rneklerin tiimiinde bu siire oldukga yiiksek bulunmustur. WFG’den son en
iyi sonuclar 1G ve 2G/5P 6rneginde tespit edilmistir.

Jellesme kinetigi sonuglarina gore balik¢ilik endiistrisi atiklardan ekstrakte edilen balik jelatinin gida giivenligi
acisindan gamma 1sinlamaya maruz birakilmasi bir takim yapisal gerilemelere sebebiyet verse de bu durumun daha
diisiik dozlarda 1s1nlama ve pH optimizasyonu ile giderilebilecegi diisliniilmektedir.
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Figure 1. Rheograms of time-dependent storage and loss modulus of WL-irradiated gelatin solutions. G;
Storage Modulus, G"; Loss Modulus, WFG: non- irradiated WL-added fish gelatin, 1G, 2G, and 3G refer to 10,
20, and 30 kGy irradiated WL-added fish gelatins, respectively.

Sekil 1. WL iceren isinlanmusg jelatin soliisyonlarinin birikim ve kaywp modiillerinin zamana bagh degisim
reogramlari. G': birikim modiilii; G"': kayip modiilii; WFG: isinlanmamig WL ilaveli balik jelatini; 1G, 2G ve
3G sirasiyla 10, 20 ve 30 kGy dozunda isinlanmis WL ilaveli jelatin soliisyonlarini ifade etmektedir.
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Figure 2. WL-added, 20 kGy-irradiated gelatin solutions showing time-dependent change rheograms of the
storage and loss modulus at various pH levels. G'; Storage Modulus, G"; Loss Modulus, WFG: non-irradiated
WL-added fish gelatin. 3P, 5P, and 7P refer to WL-added fish gelatin solutions with a pH of 3, 5, and 7,
respectively.

Sekil 2. 20 kGy 1sinlanmig WL ilaveli jelatin soliisyonlarinin farkl pH degerlerinde zaman bagh birikim ve
kaywp modiillerinin reogramlari G': birikim modiilii; G": kayip modiilii; WFG: isinlanmamis WL ilaveli balik
jelatini; 3P, 5P ve 7P swraswyla 3, 5 ve 7 pH degerlerindeki WL ilaveli jelatin soliisyonlarint géstermektedir.

3.2.WL ilaveli jelatin soliisyonlarinin jel kuvveti

Frekans tarama testi (frequency sweep) soliisyonlarin mekanik kuvvetleri, reformasyonlari ve deformasyonlari
hakkinda bilgi vermektedir. Jelatin soliisyonlart erime sicaklarinin altindaki derecelerde kati 6zellik
gostermektedirler. G’ ve G" degerleri arasindaki farkin yiiksek olmasi jelatin aglarinin kuvvetini gosteren tand
(G"/G") degerinin diisiik olmasina sebep olmaktadir. Tand degerinin 0.1’den diisiik olmasi ise daha iyi jel ag1 ve
daha kat1 benzeri bir yapimnin sonucudur (Ahmed, 2017; Huang ve ark., 2017b). Farkli isinlama dozlarina maruz
birakilmis ve iginlanmamig Orneklerin G' modiillerinin G" modiillerinde en az 2 log daha fazla oldugu
goriilmektedir (Sekil 3). Bu durum jelatin soliisyonlarmi 10°C’de kat1 benzeri jel yapisina sahip oldugunu ayrica
bu sicaklikta molekiiler arasi etkilesimin arttig1 ve yliksek jel kuvvetine sahip oldugunu gostermektedir. Sekil 4’te
ayni 1sinlama grubunda farkli pH degerlerine sahip 6rneklerin jel kuvvetlerini inceledigimiz ise bu drneklerinde
kat1 benzeri davranis sergiledigi ve jel mukavemetlerinin yiiksek oldugunu sonucuna varilmistir. Isinlama
gruplarini kendi aralarinda karsilastirdigimizda en iyi sonucun 10kGy 1sinlanan grupta oldugunu istatiksel olarak
20 ve 30 kGy 1sinlanan Srnekler gruplar arasinda ise fark olmadig: tespit edilmistir (p>0.05). FG ve WFG
orneginde jel kuvveti 1556.50 ve 2380.68 Pa bulunmustur. WL ilavesinin 6rneklerin jel mukavemetinin %52
oraninda arttirdig tespit edilmistir. Isinlama dozu arttikga 1G, 2G ve 3G soliisyonlarinin jel kuvvetleri sirasiyla
1351.74, 646.80 ve 599.87 Pa degerine diistiigii gézlemlenmistir (Tablo 2). Isinlama dozu arttikga Orneklerin
mukavemetinin azalmasi gamma 1g1nlarinin jelatinin daha fazla capraz baglanma bolgesini aktive etmesi ve jelatin
hidrojellerin jel kuvvetinin azalmasi ile agiklanabilir (Lin ve ark., 2017). Jel kuvveti iizerine pH etkisini
inceledigimizde ise kgei Ve tmodel degerleri ile benzer sekilde 2G 6rnegine gore pH3’iin jel kuvvetini diigtirdigi
pH 7’nin yap1y1 etkilemedigi ve pH5’in ise yaklasik %20 oraninda arttirdig1 sonucuna varilmistir.

Farkli dozlarda gamma i1ginlanmig jelatin soliisyonlarinin agisal hiza bagli kompleks viskozitelerindeki
degisimler Sekil 5°te ayni 1sinlama gruplarinda farkli pH uygulanmis 6rneklerin kompleks viskozitelerindeki
degisimler ise Sekil 6’ da verilmistir. Orneklerin tiimiinde kompleks viskozitenin agisal hiz arttikga azaldig
gozlemlenmistir. Bu durum agisal hiz ile molekiiller arasi baglarin bozulmasi sonucu incelen psddoplastik davranig
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ile agiklanabilir. Benzer bir kayma incelmesi farkli pH (3.6, 5 ve 9) degerlerinde gam arabik ile zenginlestirilen
balik jelatinlerinde de goriilmistir (Anvari ve Joyner, 2017). Kompleks viskozite sonuglarini inceledigimizde
frequency sweep ve time sweep sonuglari benzer sekilde en yiiksek viskozitenin WFG 6rneginde oldugu 1sinlama
dozu arttik¢a bu parametrenin diistiigii en iyi 1s1nlama sonucunun 10 kGy 1s1nlanan grupta oldugu tespit edilmistir.
Farkli pH uygulamalarinda ise yine benzer sekilde pH3 yapiy1 olumsuz etkilerken pH 5 olumlu etkilemis ve pH7’
de ise bir degisimin olmadig1 belirlenmistir

Jelatin soliisyonlarinin jel kuvvetine bagl olarak yapisal sikilik ve kararliliklariin degerlendirilmesi amaciyla
acisal frekansin bir fonksiyonu olarak birikim ve kayip modiillerinin Power-Law modeline uyumunu gosteren
denklem parametreleri Tablo 3’de verilmistir. Bu kisimda soliisyonlarin elastik ve viskoz modiilerin kivam
katsayilar1 (K'-K") ve akis davranis indeksleri (n’-n") karsilastirilmistir. Orneklerin tiimiinde power law modeline
uyumu gosteren R? degerleri (0.99-0.91) oldukca yiiksek ¢ikmustir. Jelatin soliisyonlarmin tiimiinde elastik
ozelliklerinin viskoz 6zelliklerden daha baskin oldugunu gosterir nitelikte K’ degerleri K” degerlerinden yiiksek
bulunmustur. Akis davranis indekslerinin ise kivam katsayis1 degerleri ile ters orantili oldugu tespit edilmistir. K’
sonuglarinin kompleks viskozite sonuglari ile paralellik gosterdigi en yiiksek sonucun 2373. 25 Pa.s ile WFG
orneginde oldugu onu sirasiyla FG, 1G ve 2G/5P Orneginin izledigi tespit edilmisti. WL ilavesinin jelatin
soliisyonlarimin viskozitesini arttirdigi 1sinlama islemi ile bu degeri diistiigii fakat pH5 degerinde yapinin olumlu yonde
etkilendigi tespit edilmistir. Akis davranis indeksi (n) degerlerinin diisiik olmas1 kayma incelmesi davraniginin bir
gostergesidir ve kompleks viskozite sonuglari ile paralellik géstermektedir.
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Figure 3. The change of the parameters G' and G" of the irradiated gelatin solutions depends on the angular
frequency (rad/s). G'; Storage Modulus, G"; Loss Modulus, WFG: non-irradiated WL-added fish gelatin, 1G,
2G, and 3G refer to 10, 20, and 30 kGy irradiated WL-added fish gelatins, respectively.

Sekil 3. Isinlanmusg jelatin soliisyonlarimin acisal hiza bagh G' ve G' parametrelerindeki degisim. G': birikim
modiilii; G"': kayip modiilii; WFG: isinlanmamus WL ilaveli balik jelatini; 1G, 2G ve 3G swrastyla 10, 20 ve 30
kGy dozunda 1sinlanmis WL ilaveli jelatin soliisyonlarint ifade etmektedir.

926



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(4)

—a— WFG G'—+— WFG G"—— 2G G'—— 2G"—— 2G/3P G'
——2G/3P G" 2G/5P G' 2G/5P G"—e— 2G/7P G'—0— 2G/7P G"

—a - =

1000

)¢ ) ¢ ) ¢ ) ¢ ) CEE

100

%&i

Storage/Loss Modulus (Pa)

1 T T T T T 1
0.1 1 10 100

Angular Frequency (rad/s)

Figure 4. The change of G' and G" parameters at different pH values of 20 kGy irradiated gelatin solutions
depending on angular frequency (rad/s). G'; Storage Modulus, G"; Loss Modulus, WFG: non-irradiated WL-
added fish gelatin. 3P, 5P, and 7P refer to WL-added fish gelatin solutions with a pH of 3, 5, and 7, respectively.

Sekil 4. Farkl pH degerlerinde 20 kGy 1sinlanmus jelatin soliisyonlarinin agisal hiza bagh G've G"
parametrelerindeki degisim. G': birikim modiilii; G": kayip modiilii; WFG: 1sinlanmamug WL ilaveli balik
jelatini; 3P, SP ve 7P sirasiyla 3, 5 ve 7 pH degerlerindeki WL ilaveli jelatin soliisyonlarin gostermektedir.
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Figure 5. Complex viscosity of gelatin solutions exposed to gamma rays of 10, 20, and 30 kGy and not irradiated
(WFG).

Sekil 5. 10, 20 ve 30 kGy dozunda 1sinlanan ve isinlanmamis (WFG) jelatin soliisyonlarinin kompleks
viskozite parametreleri.
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Figure 6. Complex viscosities of gelatin solutions irradiated at a dose of 20 kGy at different pH values.

Sekil 6. Farkli pH degerlerinde hazirlanmig ve 20kGy dozunda isinlanmus jelatin soliisyonlarinin kompleks
viskozite parametreleri.

3.3.WL ilaveli jelatin soliisyonlarinin erime davraniglar

Jel kuvveti, visko-elastik 6zellikler ve jellesme sicakligma ek olarak jelatinin erime sicakligi, en 6nemli
fonksiyonel 6zelliklerinden biridir (Pranoto ve ark., 2007). Jelatin soliisyonlarinin erime sicakliklar1 Tablo 2°de
gosterilmektedir. Farkli dozlarda gamma iginlanmis jelatin soliisyonlarinin erime davranislart Sekil 6’da ayni
1sinlama gruplarinda farkli pH uygulanmis 6rneklerin erime davranislari ise Sekil 7° de verilmistir. 10, 20 ve 30
kGy dozunda uygulanan gamma 1sinlamanin erime sicakligi iizerinde dnemli bir etkiye sahip oldugu tespit
edilmistir (p<0.05). Jelatin soliisyonlari igerisinde en diisiik erime derecesi sade balik jelatini igeren 1simnlanmamis
soliisyonda (FG) 24.03+0.18 °C olarak tespit edilmistir. WL ilaveli 1sinlanmamis 6rnek (WFG) erime derecesini
kontrol 6rnegine gore 10.47 °C arttirmistir. Balik jelatinlerinin (11-28 °C), memeli jelatinlerinden (28-31 °C)
onemli 6l¢iide daha diisiik erime sicakliklari, potansiyel ticari kullanimini ciddi sekilde sinirlandirmaktadir (Karim
ve Bhat, 2009). Fenolik bilesikler balik jelatinlerinin erime sicakliklarini yiikseltici etkiye sahiptir (Gilsenan ve
Ross-Murphy, 2000; Kaynarca ve ark., 2022). WL ilavesi ile balik jelatinin erime sicakligi ticari olarak
kullanilabilir noktaya taginmistir. Gamma 1sinlamanin etkisi incelendiginde uygulanan tiim 1ginlama dozlarmin
erime derecesini 1sinlanmamis drneklere gore dnemli diizeyde arttirdigr goriilmiistiir (p<<0.05). Isinlama dozlar
acisindan incelendiginde en yiiksek erime sicakligi olan 45.36+1.12 °C’ye 10 kGy 1smlanmis drnek 1G’de
ulastlmigtir. 20 ve 30 kGy 1ginlama dozunda erime sicakligi tekrar diigiise gegmis ve sirasiyla 43.61+1.06 °C ve
35.41£0.85 °C olarak tespit edilmistir. Jelatin soliisyonlarinin jellesme kinetigi ve jel kuvveti sonuglari ile benzer
sekilde 10 kGy 1ginlama dozunda en iyi sonuglar elde edilmis, bununla beraber uygulanan tiim 1s1nlama dozlarinin
erime noktasini onemli diizeyde etkiledigi tespit edilmistir (p<<0.05). 20 ve 30 kGy dozlar1 1sinlanmamis drneklere
gore jel kuvvetini olumsuz yonde etkilemekle birlikte, erime sicaklifinda ise 1sinlama isleminin olumlu etki
gosterdigi goriilmektedir. Isinlama ile erime noktasindaki artisin nedeni, jelatin aginin hareketliligini kisitlayan
yeni baglarmn olusumu ile ilgili olabilir (Benbettaieb ve ark., 2016).

Erime derecesi iizerine pH etkisini inceledigimizde uygulanan tiim pH degerlerinin erime derecesini 6nemli
diizeyde degistirdigi belirlenmistir (p<0.05). Jelatin amfoterik bir protein olup molekiil iizerinde hem pozitif hem
de negatif yiiklere sahiptir. Ham maddeye ve iiretim yontemine bagli olarak izoelektrik noktasi 5 ile 9 arasindadir
(Osorio ve ark., 2007). Diisiik pH degeri 3’te, erime sicakliginin en diisiik oldugu goriilmektedir. pH 5'te ise en
yiiksek erime drecesi olan 48.724+0.90 °C’ye ulasilmistir. pH 5 degeri ile 1sinlanmamais sade balik jelatinine gore
erime sicakliginda 2 kat artig saglanmis, 1sinlama uygulanmig tiim soliisyonlara gére de erime derecesinde artig
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olmustur. pH 3 ve pH 7’nin erime derecesini olumsuz yonde diisiirdiigii, pH 5’in ise olumlu ydnde artirdigi
belirlenmistir. Molekiil i¢i elektrostatik etkilesimler izoelektrik noktada en yiiksek seviyede oldugundan, protein
¢oziiniirliigii bu noktada en diisiiktiir ve bu da dipolar molekiiliin en kompakt konformasyona sahip olmasina neden
olur (Bae ve ark., 2009). pH 5’te en yiiksek erime derecesinin gézlemlenmesi bu durum ile iliskilendirilebilir.
Elektrostatik etkilesimlerin artmasinin protein ve sarap atig1 ekstrakti arasindaki temaslar1 azalttig1 ve bu nedenle
balik jelatininin pH 3’te reolojik 6zelliklerinin (jel kuvveti, jel kinetigi ve erime derecesi) azalmasina neden oldugu
onerilebilir. Choi ve Regenstein (2000) domuz ve balik jelatini ile yapmis olduklar1 calismada benzer sekilde diisiik
pH 4’de disiik erime derecesi degerleri gozlemlemis ve pH’taki diisiisiin erime derecesini 6nemli dlgiide
distirdiigiinii bildirmislerdir.
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Figure 7. Melting behavior of gelatin solutions exposed to gamma rays of 10, 20, and 30 kGy and not irradiated

(WFG).
Sekil 7. 10, 20 ve 30 KGy dozunda isinlanan ve isinlanmamis (WFG) jelatin soliisyonlarinin erime
davranislari.
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Figure 8. Melting behavior of gelatin solutions irradiated at a dose of 20 kGy at different pH values.

Sekil 8. Farkli pH degerlerinde hazirlanmis ve 20kGy dozunda isinlanmus jelatin soliisyonlarinin erime
davranist.
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Tablo 2. Jelatin soliisyonlarimin jellesme profilinin logaritmik model parametreleri, jel kuvveti ve erime
sicaklhiklart

Table 2. Gelation profile logarithmic model parameters, gel strength, and melting temperatures of gelatin
solutions

Gelation Kinetics

Gel strength

Sample G'ret Ken (P2) - R? tmodet () (Pa) Tgfr?rl)t.”(]% )
FG 2001 286.03+10.37b  -370.00£14.07d  0.97+0.00 1.16 1556.50+£25.22b  24.03+0.18g
WEFG 2001 332.64+17.87a -479.60+29.32f  0.95+0.00 0.53 2380.68+34.45a 34.50+0.87¢
1G 2001 184.43+14.14c -245.27+423.59b  0.93+0.00 81.70 1351.74422.63¢  45.36+1.12b
2G 2001 111.96+10.18¢ -317.65+20.03¢  0.96+0.00 705838.87 646.80+£18.52¢  43.61£1.06¢
3G 2001 116.54+15.01¢ -416.48+24.66e  0.94+0.00 2689046.40  599.87+£20.27f 35.41+0.85¢
2G/3P 2001 102.51+10.04ef  -423.17424.90e  0.95+0.00 31328641.26 477.17£16.63g  31.35+0.63f
2G/5P 2001 145.59+15.13d -498.02+35.20f  0.94+0.00 28343.10 773.05£15.13d  48.72+0.90a
2G/TP 2001  84.31+5.80f -103.14+12.35a  0.95+£0.00 54845060.74 623.62+20.64ef 36.94+0.33d

The logarithmic model equation is G'rer=kgel In(t)+C. G'rer: The target storage modulus (Pa) obtained from fish
gelatin, kgei: The gelling rate constant, C: the equation constant, and t: the gelling time.

Tablo 3. Jelatin soliisyonlarinin kivam katsayisi ve akis davranis indeksleri iizerine birikim ve kayp
modiillerinin etkisi

Table 3. The effect of storage and loss modulus of gelatin solutions on the consistency coefficient and flow
behavior index values.

Sample K' n' R? K" n" R?

FG 1548.03+0.99b 0.017+0.000cd  0.98+0.00 42.13£0.97b 0.074+0.001d 0.94+0.00
WFG 2373.25+2.60a 0.016+0.001e 0.98+0.00 57.61£1.56a 0.012+0.001f 0.92+0.00
1G 1337.86+1.20c 0.020+0.001a 0.99+0.00 40.56+1.06b 0.065+0.001e 0.93+0.00
2G 644.7+0.76¢ 0.017+0.001bcd 0.98+0.00 17.10£0.62¢  0.096+0.001c 0.92+0.00
3G 600.13+0.80¢g 0.018+0.001bc  0.97+0.00 14.31+0.66e  0.112+0.002b 0.94+0.00
2G/3P 478.83+0.79h 0.018+0.001bc  0.96+0.00 11.51£0.63f  0.129+0.002a 0.91+0.00
2G/5P 771.06+£0.97d 0.016+0.001de  0.97+0.00 16.30+0.82cd 0.113+0.002b 0.93+0.00
2G/TP 623.23+0.78f 0.018+0.001b 0.98+0.00 15.23+0.69de 0.114+0.002b 0.93+0.00

4. Sonug

Caligsmada balik jelatininin reolojik 6zellikleri iizerine farkli 1sinlama dozlarinin, pH’nin ve sarap tortusu (WL)
ilavesinin etkisi ortaya konmustur. Bu ii¢ faktoriin modifiye edilmesiyle farkli 6zelliklere sahip jelatin elde
edilebilecegi sdylenebilir. WL ilavesi balik jelatininin viskoelastik dzelliklerini arttirmistir. Farkli gamma 1s1nlama
dozajlar1 jelatinin reolojik karakterizasyonunu dnemli dlclide etkilemistir. Isinlama dozunun 20 Kgy’den sonra
yapida geri doniisiimsiiz molekiiler degisikliklere neden olabildigi ancak bununla birlikte WL ilaveli 1gmnlanmis
jelatin jellerinin erime derecelerinin kontrol gruplarina gére 6nemli diizeyde yiikseldigi (p<0.05) tespit edilmistir.
Isinlama dozlar1 igerisinde en iyi reolojik sonuglara 10 kGy ile ulasilmistir. Uygulanan pH degerleri jelatin
jellerinin tiim reolojik karakterizasyonu iizerinde dnemli diizeyde etki yaratmistir. Jelatin jelleri pH 5’e gore
hazirlandiginda, kger degerinde yaklasik %30 oraninda bir artisa ulasilirken, erime derecesi kontrol gruba gore 2
kat artig gostermistir.

Sonug olarak, jellesme kinetigi parametrelerine gore balik jelatinin 151nlamaya maruz birakilmasi durumunda
reolojik 6zelliklerinde diisiise neden olmakla birlikte, erime derecesini arttirict etki gosterdigi ve diisiikk dozlarda
1sinlama ve ozellikle pH optimizasyonu ile bu durumunun tamamen giderilerek istenilen teknolojik 6zelliklerde
balik jelatini jelleri elde edilebilecegi diisiiniilmektedir. Jelatinin farkli pH degerlerindeki reolojik davranisinin
belirlenmesi ile farkli gida matrislerinde kullanim olanaklarini artiracag: diigiiniilmektedir.
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Iklim Degisikliginin Aycicegi Uzerine Etkilerinin Aquacrop Modeli ile Degerlendirilmesi*
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Abstract

Climate change has become one of the most significant risk factors in agricultural production. Plant productivity
declines caused by climate change pose a serious threat to food supply and security. Crop simulation models have
been widely used in recent years for the assessment of the impacts of climate change on agricultural production.
In Konya, there have been limited studies on the potential effects of climate change on sunflower production.
Sunflower, the main crop of the most imported agricultural product group, in which the production amount is
currently insufficient to cover domestic consumption demand, is strategically important for the Turkish economy.
The goal of this study was to examine the effects of climate change on sunflower yield in Tiirkiye by using the
Agquacrop model. The data of the field experiment carried out on the Ekllor sunflower cultivar for two years in
Konya conditions were used as material. The daily projection dataset of three Global Climate Models (HadGEM2-
ES, MPI-ESM-MR, GFDL-ESM2M) and two scenarios (RCP4.5 and RCP8.5) were used to analyze climate
change impacts. The 1971-2000 period was considered as the reference period and the 2022-2098 period was
selected as the future period. The results confirmed that the Aquacrop model was able to satisfactorily simulate
yield with NRMSE 2.10 % for the rainfed condition and 10.55 % for the irrigated condition, a d-index of 0.97, and
a modeling efficiency of 0.91. Aqaucrop climate change impacts simulation which was based on 3 global climate
models covering with 2022 -2098 period simulations projected that sunflower yield would be decreased in a range
of 21% to 44% for RCP4.5 and 18% to 50% for RCP8.5 scenarios under rainfed conditions. In contrast, the yield
would be increased in a range of 11% to 23% for RCP4.5 and 10% to 33% for RCP8.5 scenarios under irrigated
conditions. The findings point to the use of appropriate water management measures for future sunflower
production as a means of adapting to climate change.
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Evaluation of the Impacts of Climate Change on Sunflower with Aquacrop Model

Oz

Iklim degisikligi tarimsal iiretim icin en 6nemli risk faktorlerinden biri haline gelmistir. iklim degisikliginin neden
oldugu bitki verimliligi disiisleri, gida arz1 ve giivenligi i¢in ciddi bir tehdit olusturmaktadir. Bitki simiilasyon
modelleri son yillarda iklim degisikliginin tarimsal iiretim {izerine etkilerinin degerlendirilmesinde giderek yaygin
olarak kullanilmaya baslamigtir. Tiirkiye’de iklim degisikliginin tarimsal iiretim {izerine olasi etkileri ile ilgili
caligma smnirl sayidadir. Uretim miktar1 heniiz ig tiiketim talebini karstlayamayan ve en fazla ithalati yapilan
tarimsal {iriin gurubunun temel {iriinii olan ayg¢igegi Tiirkiye ekonomisi i¢in stratejik oneme sahiptir. Bu ¢aligmanin
amaci, Tirkiye’de iklim degisikliginin aygigegi verimi iizerine etkilerinin Aquacrop modeli kullanilarak analiz
edilmesidir. Konya kosullarinda iki yil siireyle Ekllor ay¢icegi ¢esidi lizerine yiiriitiilen tarla denemesine ait veriler
materyal olarak kullanilmistir. Tklim degisikligi etki analizi icin ise 3 Kiiresel iklim Modeli (HadGEM2-ES, MPI-
ESM-MR, GFDL-ESM2M) ve 2 senaryoya (RCP4.5 ve RCP8.5) ait giinlikk veriler kullanilmistir. 1971 - 2000
donemi referans, 2022 — 2098 donemi ise iklim degisikligi etki analizi donemi olarak ele alinmistir. Calisma
sonuglart Aquacrop modelinin susuz kosullarda %2.10 ve sulu kosullarda %10.55 NRMSE degeri, 0.97 d-indeks
ve 0.91 model etkinligi istatistiksel analizleri ile verimi basarili bir sekilde simiile edebildigini ortaya koymustur.
3 kiiresel iklim modeli ve 2022-2098 yillar1 arasi donem o6zelinde olusturulan Aquacrop iklim degisikligi
projeksiyon sonuglarma goére aygigegi veriminin susuz kosullarda RCP4.5 senaryosuna gore %21-44, RCP8.5
senaryosuna gore ise %18-50 araliginda azalmasi Ongoriilmektedir. Bunun aksine sulu kosullarda RCP4.5
senaryosuna gore %11-23, RCP8.5 senaryosuna gore %10-33 araliginda verim artis1 saglanabilecektir. Bulgular,
iklim degisikligine uyum saglamanin bir yolu olarak gelecekteki aygicegi iiretimi igin uygun su yonetimi
uygulamalarinin kullanilmasina isaret etmektedir.

Anahtar Kelimeler: Aquacrop, Bitki simiilasyon modeli, iklim degisikligi, Aycicegi, Bitki verim degisimleri
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1. Introduction

As stated in the World Meteorological Organization (WMO) reports, in comparison to the pre-industrial period,
the global mean surface temperature has increased by around 1.1°C (1850-1900). The WMO affirms that the last
decade, 2015-2021, was the warmest on record. (WMO, 2022). According to the Intergovernmental Panel on
Climate Change (IPCC), the global surface temperature rising is projected to hit 1.5°C by 2050 (IPCC, 2018).
Different parts of the world are affected differently by changes in the climate. While some locations will experience
greater warming and rainfall than others, others will experience more severe droughts. Tiirkiye has a semi-arid
climate and is one of the regions most vulnerable to climate change. Temperatures are anticipated to rise, and
precipitation will decrease in the future, based on the most recent IPCC projections for Tiirkiye (Demircan et al.,
2017). Furthermore, according to World Food and Agriculture Organization (FAQO) assessments, crop yields will
decline in several countries, including Tiirkiye, due to climate change between 2030 and 2100 years (FAO, 2016).

Like many crops, sunflowers grow under rainfed conditions. Sunflower is the world's third crop of oilseeds,
after soybean and rapeseed (USDA, 2021). Tirkiye ranks sixth (FAO, 2022) in sunflower seed production. The
main source of vegetable oil consumed in Tirkiye is sunflower (TURKSTAT, 2022). There are significant
decreases in productivity depending on drought years. Sunflower production dropped by 23.8 percent in 2007
compared to the prior year. (TURKSTAT, 2022).

Changes in temperature and precipitation factors, vital to plant production, directly affect the productivity, and
vegetation period, suited to the growing region (Bulut, 2015). Temperature and precipitation threshold responses
significantly affect crop yields (Easterling et. al., 2007). It is not possible to directly interfere with climate factors
in open-field agricultural conditions. For this reason, the climate is the most important unknown factor in crop
growth and agricultural production (Hoogenboom, 2000). Experiments or statistical methods are used to
investigate the probable influence of climatic conditions on crop productivity. Crop simulation models (CSMs)
with adequate modeling capabilities have grown in popularity in recent years (Boote et al., 2010). CSMs predict
crop development by using meteorological and soil variables, cultivar features, management activities, and
modeling mechanisms in the soil-plant-atmosphere system (Jones et al., 2003; Hoogenboom et al., 2004). CSMs
can be used to model how climate change would affect crop productivity (White et al., 2011). In addition, the
insights provided by the CSMs have become critical data for the agriculture assessment reports produced by the
IPCC (White et al., 2011; Easterling et al., 2007; Gitay et al., 2001; Reilly et al., 1996). Crop models are classified
into three main categories according to the basic components they consider in the calculations: carbon-driven,
radiation-driven, and water-driven (Steduto, 2003; Todorovic et al., 2009). The Aquacrop model is one of the
common models with its simulation capability in water-limited conditions, less input parameter requisition, and
climate change studies.

This study aimed to inform decision-makers by simulating possible outcomes to quantify uncertainty in climate
change impact assessment on sunflower production in Konya where one of Tiirkiye's top sunflower-growing
regions by using the Aquacrop Model. The objectives were a) calibration and evaluation of the Aquacrop Model
and b) estimation of changes in sunflower yields in the future periods using three different climate projections
datasets.

2. Materials and Methods
2.1. Study Area

The study site was the Konya Soil, Water, and Deserting Control Research Institute's field in Tiirkiye (37°48'N,
32°30' E, 1031 m a.s.l.). Konya province, located in Tiirkiye's semi-arid climatic zone, is one of the primary
sunflower production locations. According to the Turkish Statistical Institute (TURKSTAT) crop production
reports of 2022, Konya positions third in sunflower production (tonnes) in Tiirkiye (TURKSTAT, 2022). (Figure
1).
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Figure 1. Study region

The study area has clay soil characteristics, according to the results of the analysis applied to soil samples taken
from the study area. Because of its high infiltration capacity, surface runoff is minimal. The organic matter content
of the soil is low. (Table 1).

Table 1. Soil profile features

Depth | Clay  Silt WP FC SP BD oc pH in
(cm) (%) (%) (cm cm™) (cm cm?) (cm cm?) (g cm™) (%) water
0-30 59.3 21.1 0.26 0.42 0.48 1.42 0.44 7.6
30-60 61.7 21.1 0.27 0.44 0.50 1.47 0.30 7.9
60-90 63.8 21.1 0.29 0.46 0.53 1.54 0.19 7.9
90-120 64.0 21.0 0.29 0.45 0.52 1.46 0.12 7.9
120-200 64.0 21.0 0.29 0.45 0.52 1.46 0.09 7.9

WP= wilting point, FC= field capacity, SP= saturation point, BD= bulk density, OC= organic carbon

2.2. Field experimental data

The field experiment was carried out for two years between 2015 and 2016 in Tiirkiye's Konya province
(Gunduz et al., 2018). The Ekllor sunflower cultivar was chosen for the study, which took place in 2015 and 2016.
The experimental layout was a Randomized Complete Block, with three replications. Plant and row spacing was
determined as 70cm and 25cm, respectively. The sunflower vegetation period in the first year was 136 days, and
the following phenological and growth stages were noted: May 5 emergence, July 21 starburst, August 4 seed
formation, and September 18 maturity. The second year's sunflower vegetative period covered 133 days, and the
development stages identified were emergence on May 12, starburst on July 22, seed formation August 4, and
maturity on September 21.

There were two treatments in the field experiment: rainfed and irrigated. The drip irrigation method was used
as the irrigation system. A total of 428 mm of water was used in 10 irrigation applications in 2015, and 465 mm
of water was used in 12 irrigation applications in 2016.
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In both years, a certain amount of fertilizer was used. The followings are the types and amounts of fertilization

that were used: Before planting, 200 kg ha? of Di-ammonium Phosphate (DAP), 300 kg ha?' of 20-20-20
compound fertilizer at planting, 50 kg ha* of Urea, and 50 kg ha' of Ammonium Nitrate (AN) at hoe.

2.3. Weather and climate projections dataset

The study area, Konya, is one of the aridest provinces of Tiirkiye. The long-term average total precipitation of
the study area is 323.3 mm and the average temperature is 11.6°C. In comparison to 2015, the growth cycle in
2016 was hotter and drier. During the 2015 sunflower growing season (May-September), total precipitation was
163.8 mm, whereas it was 98.1 mm in the growing season of 2016 (Figure 2).
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Figure 2. Observed monthly climate parameters at the research site in 2015 and 2016.

The observed daily weather dataset includes minimum and maximum temperature, total precipitation, average
relative humidity, total radiation, and average wind speed parameters provided by The Turkish State
Meteorological Service (TSMS). Due to the requirement for specific meteorological data for the Aquacrop model,
observation data from a meteorology station 8 kilometers distant from the study area were used in the study.

The daily climate projections dataset downscaled by TSMS specifically for Tiirkiye was used for future climate
change analyses. 3 GCMs (HadGEM2-ES, MPI-ESM-MR, GFDL-ESM2M) and two RCPs, i.e., 4.5 and 8.5 were
selected for assessment of climate change impact. RCP4.5 reflects the most likely scenario, but RCP8.5 is referred
to as the most catastrophic scenario due to the expected global temperature increase (Riahi et al., 2011; Thomson
et al., 2011). The low-resolution GCMs dataset in the 130 - 220 km range was downscaled to 20 km resolution to
conduct a detailed analysis specific to Tiirkiye conditions by TSMS. RegCM4.3.4 regional climate model and a
nested dynamic downscaling approach were used to obtain a high-resolution climate projection dataset (Akcakaya
etal., 2015).

For the 1971-2000 reference period, bias correction was performed between the model and observation data.
Based on each parameter and each GCMs dataset, the bias adjustment was calculated for each day of the year. The
bias correction results of each parameter was presented in Table 2.

For the climate change analysis study, the 1971-2000 period was considered as the reference period, and the
2022-2098 period was selected as the future period. The future term was divided into three segments: 2022—-2040;
2041-2070; and 2071-2098.
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Table 2. Daily average bias correction (observed-GCMs dataset) for each parameter

GCM Tmin Tmax Precipitation Wind Rhum Radiation
(o) °O) (mm) (m/sec) (%) (W/m2)
HadGEM2-ES 0.1 1.0 -0.3 -1.1 -3.2 -2.5
MPI-ESM-MR -0.1 1.1 0.3 -1.4 1.2 -1.1
GFDL-ESM2M 1.7 2.9 0.1 -1.2 -1.2 -1.2

Tmin: Minimum temperature, Tmax: Maximum temperature, Rhum: Relative humidity

The 2022-2098 climate projections of the study area were compared with the reference period of 1971-2000
specifically for the sunflower vegetation period. According to the climate projection results obtained for the
sunflower vegetation period, based on the RCP4.5 and RCP8.5 scenarios, respectively, the total precipitation is
projected to decrease by 18% and 21%, the minimum temperature is expected to increase in the range of 2.3°C
and 3.6°C, and the maximum temperature is expected to rise by 2.5°C and 3.8°C.

2.4. The Aquacrop crop simulation model

The Aquacrop model produced by FAO aimed to increase water use efficiency in all irrigation conditions.
Aquacrop mimics non-woody plant productivity reaction to water (Steduto et al., 2009; Raes et al., 2009; Hsiao et
al., 2009). Since its creation in 2009, AquaCrop has been applied in a variety of regions all over the world.
Aquacrop offers assistance with creating irrigation plans, identifying the best crop schedule, and estimating yield
potential in various scenarios (including salinity and climate change). In the version of Aquacrop 7.0 released in
2022, simulations can be conducted for 17 different herbaceous crops. In this study, the previous version, Aquacrop
v6.1, was used.

The model can visually present the estimation of yield and plant growth based on plant water consumption.
The AquaCrop model calculates evapotranspiration separately as transpiration from the plant surface and
evaporation from the soil surface. This distinction is of great importance on soil surfaces where there is insufficient
vegetation and where soil water evaporation is too high. Another difference in the model compared to other models
is that it uses the percentage of canopy cover instead of the leaf area index (LAI) in the calculations to better mimic
the water deficit conditions. Aquacrop simulates the soil-water relationship in detail by considering capillary rise,
deep infiltration, and groundwater level in the calculations.

Climate (daily, 10-day, or monthly), crop, soil, management (irrigation, tillage, etc.), and initial soil water
content parameters are used as inputs in the model. Aquacrop stands out with its fewer input parameter
requirements and modeling success in deficit water conditions compared to many other models. (Garcia-Vila et
al., 2009; Todorovic et al., 2009; Stricevic, 2011; Kale et al., 2017; Elsheikh, 2015; Osman, 2018; Yigit and
Candogan, 2019; Karimi, 2021).

In addition, the model is preferred in the studies of estimating the effects of climate change on crop vyield
productivity (Deveci et al., 2019; Giirkan, 2019; Konukcu et al., 2020; Raoufi et al., 2020; Yesilkoy, 2020;
Stricevic et al., 2021). The Aquacrop model provides ease of use in climate change studies with the CO- projection
data of IPCC's different climate scenarios (SRES and RCPs) presented in the database. Another superior feature
of the Aquacrop model in climate change studies compared to other models is that it enables the automatic
determination of parameters such as minimum temperature, average temperature, growing degree day, and
precipitation, which are the determining factors of the planting window in line with the criteria determined by the
user.

In this study, the future period simulations were carried out in the "successive years" mode. The start days of
the next runs were linked to the crop maturity of previous years. Future sowing days were generated based on air
temperature criteria. The minimum daily air temperature in 7 days of at least 5°C was determined as the threshold
of the sowing date.
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3.  Results
3.1. Model calibration and evaluation

The data collected in 2015 were used to calibrate the Aquacrop Sunflower model, and the data obtained in
2016 were used to evaluate it. The calibration and evaluation procedures were conducted with the use of observed
meteorological data. Table 3 provided a list of the calibrated coefficients.

Table 3. The calibrated coefficients of the sunflower Ekllor cultivar

Parameter Coefficient
Base temperature (°C) 5
Upper temperature (°C) 35
Initial Canopy Cover (CCy) 0.29
Plant density (plants/ha) 57143
Canopy Growth Coefficient (CGC) 20.5
Maximum Canopy Cover (CCy) 90
Canopy Decline Coefficient (CGC) (CDC) 0.401
Growing Degree Days (Sowing — Emergence) 147
Growing Degree Days (Sowing — Flowering) 1038
Growing Degree Days (duration of flowering) 268
Growing Degree Days (Sowing — Senescence) 1451
Growing Degree Days (Sowing — Maturity) 2233
Minimum effective rooting depth (Zr) - (m) 0.3
Maximum effective rooting depth (Zr) - (m) 2.0
Average root zone expansion (cm/day) 2.0
Crop transpiration coefficient (KcTr,x) 1.1
Crop water productivity (WP) g m™ 20.5
Reference Harvest Index (Hlo) (%) 37

Table 4 shows the findings of the phenological stage evaluation process. According to the vegetation period
model simulation performance evaluation results, Aquacrop simulated the harvest period 6 days earlier.

Table 4. The model performance for evaluation of phenological stages

Phenological growth stages Observed Simulated Model Error (day)
Emergence (DAP) 18 13 -5
Starburst (DAP) 71 66 -5
Maturity (DAP) 133 127 -6

DAP: days after planting

Before running the model for future periods, its performance under current conditions needs to be analyzed.
Evaluation of the Aquacrop performance by comparing simulated data to field measurements was one of the
primary goals of the research. This was accomplished using a statistical assessment approach that included relative
error (RE), relative mean absolute error (RMAE), root mean square error (RMSE), normalized root mean square
error (NRMSE), modeling efficiency (EF), index of agreement (d-index), and modified index of agreement (d1-
Index). (Nash and Sutcliffe 1970; Willmott, 1982; Willmott et al., 1985). Inaccuracy is computed as the ratio in
RE, RMAE, and NRMSE indexes. A lower number means a stronger connection, whereas zero symbolizes a great
match. The RMSE methodology employs the unit used to compute the failure (in this case, kg/ha). A lower number
means a closer link, while zero represents the perfect match. The d-index, dl-index, and EF indexes are
dimensionless, with values ranging from 0 to 1. A perfect match is indicated by an index value of 1, and no match
is indicated by a value of 0. A statistical examination of the simulations revealed that the model produced
acceptable yield projected results. (Table 5).
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Table 5. Evaluation of the Aquacrop for yield

Parameter Yield

Observed Simulated RE
Treatment Year RMAE  RMSE NRMSE /4oy di-Index EF

(kg/ha)  (kglha) (%) (0 (kglha) (%)

2015 2388 2390 -2.3
Rainfed -0.24 45.12 2.1
2016 1913 2450 1.8
0.97 0.87 0.91
2015 4361 4422 -12.8
Irrigated -9.6  430.54 10.55
2016 3799 3759 -6.3

3.2. Analysis of the impacts of climate change on sunflower vegetation duration

It is predicted that global warming and temperature increases will affect the sunflower vegetation duration. For
this reason, the changes in the vegetation duration in the next periods were analyzed in the study. First, the
reference period of 30 years (1971-2000) was analyzed for the assessment of the effects of climate change on the
sunflower vegetation duration. 2022 and 2098 were chosen as prediction periods. Annual simulations of the
Aquacrop model were performed for both the baseline and the future time frames.

The differences between the reference and the future periods were used to calculate the changes. The findings
of the assessment showed that the sunflower crop will reach harvest maturity in less time due to climate change.
Temperature increases caused by climate change would shorten plant growth durations, based on assessment
results. The projection results of the RCP4.5 scenario revealed that the vegetation duration of the sunflower crop
will be shortened by 8-14 days in the first period (2022-2040), 10-18 days in the second period (2041-2070), and
12-19 days in the last period (2071-2098) (Figure 3). For the overall 2022-2098 period, the average vegetation
duration is expected to be shortened between 10-17 days. Sunflower vegetation duration will be shortened by 11-
16 days in the first period, 16-20 days in the second period, and 23-25 days in the last period based on the RCP8.5
scenario. For the overall 2022-2098 period, the average vegetation duration is expected to be shortened between
17-20 days for the RCP8.5 scenario. (Figure 3).
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Figure 3. Changes in the length of the sunflower growth period (days)
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3.3. Assessment of climate change impact on sunflower yield

Climate simulations for RCP4.5 were examined to determine how climate change may affect sunflower yield
(Figure 4) and RCP8.5 scenarios (Figure 5). Rainfed and irrigated scenarios, as well as each GCM, were assessed
independently for three periods (2022—-2040, 2041-2070, and 2071-2098) and compared with the reference period
(1971-2000) modeled yield results.

The 77-years (2022-2098) projections results based on the RCP4.5 scenario revealed the expectations of a
decrease in yield under rainfed conditions and an increase in yield under irrigated conditions. For rainfed
conditions, sunflower yield was simulated to decrease by 21% to 37% for the 2022-2040 period, decrease by 24%
to 44% for the 2041-2070 period, and decrease by 23% to 42% for the 2071-2098 period. For irrigated conditions,
it was proposed that sunflower yield will grow by 11% to 15% for the 2022-2040 period, increase by 14% to 23%
for the 2041-2070 period, and increase by 18% to 22% for the 2071-2098 period (Figure 4).
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Figure 4. Sunflower yield changes based on RCP4.5 scenarios and three GCMs

Projection results of the RCP8.5 scenario revealed that the sunflower yield variation would be higher than the
results of the RCP4.5 scenario in both rainfed and irrigated conditions. For rainfed conditions, sunflower yield was
simulated to decrease by 18% to 44% for the 2022-2040 period, decrease by 23% to 40% for the 2041-2070 period,
and decrease by 32% to 50% for the last period. For irrigated conditions, it was simulated that sunflower yield will
rise by 10% to 14% for the 2022-2040 period, increase by 21% to 23% for the 2041-2070 period, and increase by
30% to 33% for the 2071-2098 period (Figure 5).
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Figure 5. Sunflower yield changes based on RCP8.5 scenarios and three GCMs

3.4. Assessment of climate change impact on the total irrigation requirements of irrigated conditions

Due to climate change, it is predicted that temperatures will increase, and precipitation will decrease in the
2022-2098 period. According to the RCP8.5 scenario, precipitation decreases were expected to cause a greater
negative impact in the 2071-2098 period. Precipitation is predicted to decrease by up to 25% in the RCP4.5
scenario and up to 41% in the RCP8.5 scenario (Figure 6).
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Figure 6. Konya sunflower growth period total precipitation projections

Temperature and precipitation changes will undoubtedly have an impact on sunflower growth and
development. The projection results confirmed that and rising in temperature due to climate change would cause
an increase in the water requirements for irrigated sunflower production conditions in future periods. The results
of the research showed that the irrigation requirements will increase by 10% and 16% on average, respectively, in
RCP4.5 and RCP8.5 scenarios in the 2022-2098 period under full irrigated conditions (Figure 7).
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The results of the research indicated that if the rising irrigation requirements for the sunflower could be
supplied, an enhancement in yield could be achieved. According to the RCP4.5 scenario, an average increase of
10% in irrigation water would contribute to an average 17% increase in the sunflower yield. The result for the
RCP8.5 scenario projection indicated that an average increase of 16% in irrigation water would increase sunflower
yield by 22% on average.
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Figure 7. Konya cumulative irrigation requirement changes for irrigated conditions

4. Conclusion

The main objective of this study was the evaluation of the FAO Aquacrop model performance and the
evaluation of how different climatic scenarios and GCMs simulations will affect sunflower yield. The yield and
phenological stages were found to be faithfully predicted by the Aquacrop model. Under both rainfed and irrigated
treatments, the model produced satisfactory simulation results. The Aquacrop model simulation ability was proven
by statistical analysis.

The Aquacrop model achieved exceptional yield prediction ability under rainfed conditions with 2.10%
nRMSE. Also, acceptable yield modeling findings in an irrigation environment with 10.55% nRMSE. The model's
accuracy was comparable to earlier studies for conditions in Italy (Todorovic et al., 2009) with a 1.18% relative
error and for conditions in Serbia (Stricevic et al., 2011) with a range of 0.3 to 5.0% relative error using the
Aquacrop.

According to the findings of the climate change analyses, sunflower productivity in semi-arid regions will be
severely affected under rainfed conditions. Obtained from two scenarios and three GCMs for rainfed situations,
all yield estimates anticipated a yield loss ranging from 18 to 50 percent. Projection results revealed that there is a
strong relationship between in-season total precipitation and yield. According to the simulation results, it is
predicted that the maximum decrease in yield with 50% for the GFDL model on the RCP4.5 scenario will occur
between 2071 and 2098 when the maximum decrease in precipitation with 48% is expected for the same model
and scenario.

The results of the study match well with our earlier findings for the same location through the use of the DSSAT
model (Giirkan et al., 2021). Obtaining results also outline similarities with other authors’ research on climate
change's effects on sunflower yield (Dellal, 2012; Demir, 2013; Deveci, 2015; Altiirk et al., 2019; Giirkan, 2019;
Giirkan et al., 2020; Yesilkoy, 2020) in Tirkiye. Furthermore, the results are in line with previous studies
conducted across Europe. In Southern and Eastern Europe, a decline in sunflower yield of between 10% and 30%
was predicted for 2030. (Donatelli et al., 2015). Applying the ISAREG crop simulation model in Portugal
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environments, sunflower yield declines to deviate from 6% to 10% for the 2011-2041 timeframe and deviating
from 11% to 19% for the 2041-2070 timeframe was calculated (Valverde et al., 2015).

According to the modeling results, sunflower yield would increase by 10% to 33% in both RCP4.5 and RCP8.5
scenarios. The findings revealed that providing enough water through further irrigation in the agronomic period
increases sunflower production. However, in the Konya region, which lacks adequate irrigation facilities even
today, the future irrigation requirement should not be ignored. Decision-makers should consider this situation in
future agricultural production strategies. The importance of irrigation as a climate change adaptation technique for
sunflower production in semi-arid environments is highlighted in the assessment of climate change risks.

The findings show that a rise in CO; levels caused by climate change can boost sunflower efficiency under
irrigated conditions. Several studies have indicated that higher CO- concentrations enhance the productivity of C3
plants including the sunflower by allowing them to photosynthesize at a faster rate (Long et al., 2006; Reddy,
2010; Debaeke et al., 2017). For future climate predictions, the IPCC scenarios considered in this study, RCP4.5
and RCP8.5, anticipate a rise in CO; levels.

Assessment results of the impacts of climate change prove that especially due to temperature increases, the
sunflower life cycle will shorten in future periods. For the overall 2022-2098 period, the average vegetation
duration is expected to be shortened between 10-17 days for the RCP4.5 scenario, and between 17-20 days for the
RCP8.5 scenario.

The Aquacrop Crop Model is a valuable technological tool to simulate the potential effects of climate change
on future crop productivity. The Aquacrop model provides ease of use in research where data collection difficulties
are experienced with its fewer input requirements and high success capability. The assessment of the effects of
climate change on other herbal crops in other regions of Tiirkiye using the Aquacrop model could be the main
subject of future research.
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Abstract

Industrial activities have been one of the biggest factors of environmental destruction by affecting natural resources
for decades. Heavy metals, which are one of the greatest dangers especially for the biosphere, can be found in
industrial waste. Heavy metals that enter agricultural areas through industrial wastewater cause heavy metals to
accumulate in the soil after a certain period. These accumulated heavy metals become an important environmental
problem, threatening the life of living beings due to their toxic properties. In soils contaminated with wastewater
containing heavy metals, microorganism populations are severely damaged in terms of both number and diversity.
This heavy metal accumulation in water and soil has become a global health threat. Alternative processes are
needed in the fight against heavy metal pollution. Bioremediation activity, defined as the removal process of
environmental pollutants through microorganisms and plants, has gained significant importance in recent years. In
our study, the tolerance potentials of Bacillus species isolated from the rhizosphere of Dactylorhiza urvilleana
(Steudel) Bauman in the Ovit plateau of Rize province to metals (such as copper, lead, zinc, iron and silver) were
investigated. In addition, plant growth promoting Indole Acetic Acid (IAA) production, phosphate dissolution,
and ACC (1-Aminocyclopropane-1-Carboxylic acid) deaminase production were determined. It was determined
that the isolated Bacillus species had a wide pH growth range and some Bacillus species were salt tolerant. The
results showed that Bacillus species have bioremediation potential and plant growth promoting properties. It is
thought that the bacteria isolated from the study can be used to make areas with heavy metal pollution suitable for
plant cultivation and act as plant growth promoters in these areas. These bacteria strains are planned to be used as
cheaper and more effective methods in studies in agriculture or areas with heavy metal pollution.
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Oz

Sanayi faaliyetleri onlarca yildir dogal kaynaklari etkileyerek cevresel tahribatin en biiyiik etkenlerinin basinda
gelmektedir. Ozellikle biyosfer i¢in en biiyiik tehlikelerden biri olan agir metaller sanayi atigmin igeriginde
bulunabilmektedir. Endiistriyel atik sular yoluyla tarim alanlarina giren agir metaller, belirli bir siire sonra agir
metallerin toprakta birikmesine neden olmaktadir. Biriken bu agir metaller, toksik 6zellikleri nedeniyle canlilarin
yasamini tehdit eden 6nemli bir ¢evre sorununa doniigmektedir. Agir metaller igeren atik sularla kirlenmis
topraklarda mikroorganizma popiilasyonlart hem say1 hem de ¢esitlilik agisindan ciddi zarar gérmektedir. Suda ve
toprakta meydana gelen bu agir metal birikimi evrensel boyutlara ulasan bir saglik tehdidi haline gelmistir. Agir
metal kirliligi ile miicadelede alternatif siireclere ihtiya¢ duyulmaktadir. Mikroorganizmalar ve bitkiler araciligi
ile ¢evresel kirleticilerin giderim siireci olarak tanimlanan biyoremidasyon faaliyeti son yillarda biiyiikk 6nem
kazanmigtir. Caligmamizda Rize ili Ovit yaylasindaki Dactylorhiza urvilleana (Steudel) Bauman rizosferinden
izole edilen Bacillus tiirlerinin bakir, kursun, ¢inko, demir, giimiis gibi metallere olan tolerans potansiyelleri
arastirildl. Ayrica bitki gelisimini tesvik edici indol Asetik Asit (IAA) iiretimi, fosfat ¢dziindiirme, ACC (1-
Aminosiklopropan-1-Karboksilat) deminaz iiretimi gibi zellikleri belirlendi. Izole edilen tiim Bacillus tiirlerinin
genis bir pH ireme araligina sahip oldugu ve bazi Bacillus tiirlerinin tuz toleransina sahip oldugu belirlendi.
Sonuglar, Bacillus tiirlerinin biyoremediasyon potansiyeline ve bitki biiyiimesini tesvik edici 6zelliklere sahip
oldugunu gostermistir. Calismadan izole edilen bakterilerin agir metal kirliligi olan alanlarin bitki yetistiriciligine
uygun hale getirilmesinde kullanilabilecegi ve bu alanlarda bitki gelisimini destekleyici olarak gorev yapabilecegi
diisiiniilmektedir. Bu bakteri suglarinin tarimda veya agir metal kirliligi olan bolgelerde yapilacak ¢aligmalarda
daha ucuz ve daha etkili yontemler olarak kullanilmasi planlanmaktadir.

Anahtar Kelimeler: Bacillus, Biyoremediasyon, Metal toleransi, Tuz toleransi, Indol asetik asit (JAA)
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1. Introduction

Efforts are being made to develop more environmentally friendly alternatives and to provide biological control
in the fight against environmental pollutants and plant pathogens (Ongena and Jacques, 2008). Microorganisms in
the soil have an important role in maintaining and protecting natural ecosystems. Microorganisms play a direct or
indirect role in physical, chemical, and biological changes in plants and soil with specialized molecules and signals.
In the soil ecosystem, there are microorganisms (bacteria and fungi) that have a positive effect on plant health, as
well as microorganisms that are harmful to plant health. Beneficial bacteria in the plant root system promote plant
growth by producing phytohormones, dissolving inorganic phosphorus, producing iron-chelate siderophores and
increasing iron intake, producing plant hormones (such as auxin, cytokinin, and gibberellin), or facilitating the
uptake of minerals in the environment. The plant growth-promoting properties of beneficial microorganisms are
important for their use in agricultural production (Karapire and Ozgonen, 2013). Some rhizosphere-resident
bacteria, with their ability to produce aminocyclopropane carboxylate deaminase (ACC), reduce the amount of
ethylene in plant roots and promote root elongation and development (Penrose and Glick, 2001). Bacillus species,
which are frequently found in the soil and plant rhizosphere, attract attention with their stimulating properties on
plant growth and with their inhibitory properties on pathogens (Giildogan et al., 2022; Soylu et al., 2022). The
characteristics that make Bacillus species biotechnologically attractive are their diverse secondary metabolisms
and their ability to produce structurally different antagonistic substances (Stein, 2005). Therefore, Bacillus species
are becoming a group of microorganisms with the potential for biotechnological applications.

Heavy metals that mix with and accumulate in soils affect soil fertility, microbial activity, and biological
diversity (Yaldiz and Sekeroglu, 2013). Excessive amounts of heavy metals in the environment slow down the
metabolic reactions of living organisms and may have toxic effects. In the world, the spread of heavy metals and
environmental pollution with dyestuffs is increasing due to industrial development. Since industrial waste water
contains a large amount of heavy metals, their uncontrolled discharge into the environment without treatment
causes toxic and mutagenic effects on the living things in that environment. Although various metals are used in
very little amounts to maintain life in some organisms, their high concentrations cause harmful effects on the cell.
Although toxic metals such as Ag, Al, Au, Cd, Pb, and Hg have no biological significance, their presence in the
cell, even in low concentrations, is dangerous (Bruins et al., 2000; Nies, 2004). Living organisms require certain
heavy metals in trace amounts. However, negative results are observed due to high heavy metal intake due to toxic
effects in plants, animals and humans. They can cause serious physiological and neurological damage, especially
for the human body.

Our study includes the purification and biochemical characterization of Bacillus species isolated from the
rhizosphere soil of Dactylorhiza urvillenana species grown on the Ovit plateau of Rize. In addition, it aimed to
determine the salt tolerance, heavy metal tolerance, and plant growth-promoting properties of isolated bacteria.

2. Materials and Methods
2.1. Bacterial isolation from orchid specimens

Orchid samples were taken from the Ovit plateau in Rize province in 2012-2013. The tuber of the orchid plant and
the rhizosphere soil at a depth of 20 cm were taken into sterile plastic bags. After the orchid samples were identified,
bacteria were isolated from the root and rhizosphere soil. Orchid specimens were soaked in 70% ethanol for 3 minutes
after the surfaces were washed in sterile tap water. The washing process was repeated three times with sterile distilled
water to remove the alcohol. With the help of a sterile scalpel, 1 cm? pieces of orchid roots and tubers were cut and
placed in Mueller Hinton agar petri dishes and incubated at 37 °C for 2 days. Soil samples were weighed equivalent to
10 g dry weight of wet soil and mixed in 90 mL sterile distilled water. Using the macrodilution method, 100 uL of
dilution liquid was spread on MHA medium and incubated at 37 °C for 2 days. Different colonies grown in the MHA
media were examined microscopically by Gram staining. Gram-positive colonies grown in the medium were
inoculated on MHA medium for pure culture with the single colony technique and incubated for 1-2 days at 37 °C.

2.2. Biochemical identification of isolates

Bacteria purified as single colonies were incubated overnight at 36 °C in MHA medium. The bacteria's
morphology was observed at 1000x magnification after Gram staining under a light microscope (BX63; Olympus,
Tokyo, Japan). The isolated bacterial strains were identified by biochemical tests such as motility test, indole test,
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methyl red test, gelatin test, citrate test, nitrate reduction test, lecithinase, catalase test, VVoges-Proskauer (VP) test,
urease test, starch hydrolysis test and sugar fermentation test(Cappuccino and Sherman, 1996; Kandler and Weiss,
1986; Holt et al., 1994).

2.3. Determination of the effect of temperature, pH and NaCl on bacterial growth

Mueller Hinton Broth (MHB) containing different pH (4.5, 5.5, and 8.5) and salt (10%, 15%) concentrations
were used to determine pH and salt tolerance of bacterial isolates. A single colony was taken from the fresh cultures
of the isolates and inoculated into MHB and incubated at 36 °C for 24 hours. Bacterial suspension McFarland 0.5
turbidity or 1x10® CFU/mL was prepared from overnight culture. The Eliza plate wells were dispensed with 190
pL of MHB medium that had different salt and pH concentrations, and 10 pL of bacterial suspension was put into
each well. The isolates were incubated for 48 h at different temperatures (10 °C and 45 °C), pH levels, and salt
concentrations. The temperature, pH, and salt concentrations at which bacterial isolates could grow were
determined. The experiments were carried out with 3 repetitions.

2.4. Detection of plant growth-promoting traits (PGPR) of the selected isolates

Phosphate solubilization activity was performed according to the methods of Fiirnkranz et al. (2009) and
Aydogan et al. (2013). Bacterial isolates phosphate growth agar (NBRIP) (10 g glucose, 5 g Cas(PO4)2, 5 ¢
MgClxx6 H,0, 0.25 g MgSO4x7H,0, 0.2 g KCI, 0.1 g (NH4),S04, and 15 g agar) was inoculated into the medium
and incubated for 5 days. For testing of ACC(1-Aminocyclopropane-1-Carboxylate) deaminase activity, bacterial
culture was seeded on ACC deaminase agar medium and incubated at 36+2°C for 2-7 days until colony formation.
Colony growth was recorded as ACC-deaminase positive after incubation (Dworken and Foster, 1958; Brigido et
al., 2015). All experiments were performed in triplicate. Chrome A qualitative test of siderophore production was
performed on the agar medium of Chrome Azurole (CAS) (Schwyn and Neilands 1987). CAS agar plates were
prepared and spot inoculated with bacterial isolates. Inoculated CAS agar plates were incubated at 36+2°C for 3-
5 days. The development of a yellow-orange halo around the bacterial colony was considered a positive result
(Schwyn and Neilands, 1987; Alexander and Zuberer, 1991). Indole acetic acid (IAA) production in bacterial
isolates was tested by inoculating the bacterial suspension (10% v/v) in Mueller-Hinton broth containing 50 pg/mL
L-tryptophan. Cultures were incubated at 36+2°C for 48 hours and then centrifuged at 10,000 g for 10 minutes.
The concentration of 1AA in the culture supernatant was tested using Salkowski's reagent (0.5 M FeClsand 35%
perchloric acid in a mixture 1:49). 1 mL of supernatant was placed on the spectrum plates, 4 mL of Salkowski
reagent was added, and it was incubated at 37°C for 30 minutes after incubation in the dark, measurements were
made at 535 nm in the spectrophotometer. Each sample was performed in triplicate and the mean value of the
measured value was taken (Gordon and Weber, 1951; Fiirnkranz et al., 2009).

2.5. Determination of Metal Tolerance of Isolates

It was aimed to determine the tolerance of the isolated bacteria to silver (Ag), copper (Cu*?), iron (Fe*?), zinc
(Zn*?) and lead (Pb*?) metals. MHA medium containing metal salts (AgNO3, CuSQO4.5H,0, FeCl3.6H,0, ZnCly,
and Pb (NOs),) at different concentrations (1.0, 2.5, 5.0, and 10.0 mM/L) was used to determine metal tolerance
(Velasquez and Dussan, 2009; Ureyen Esertas et al., 2020). The overnight cultures of bacterial isolates were
incubated at 36+2°C for at least 5 days by spot seeding in MHA medium containing different concentrations of
metal salts. Colony growth was recorded as positive by following the bacterial growth.

3. Results and Discussion
3.1. Identification of bacteria by traditional methods

It was observed that oxidase and catalase reactions were positive in the majority of bacteria, some showed
weak positive reactions, most of them were R-type colonies and spore localization in the cell was mostly
subterminal (Table 1).
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Table 1. Biochemical characteristics of the Bacillus isolates.

NO Species Spore 02 Oxi Cat. Mot  Nit Ami Ure
507 B. macerans Subterminal FA - + - - - -
506 B. mycoides Central AE + + - + 2,8/3,4 -
1412 B. insolitus Subterminal FA + + - + - -
5011 Bacillus sp. Subterminal AE -1+ + - - - -
146 Bacillus sp. Subterminal A - + - - - +
505Y12 Bacillus sp. Subterminal A + + - - - -
11203 Bacillus sp. Subterminal FA + + - + - ++
141 B. insolitus Subterminal AE + + - + - -
505Y10 Bacillus sp. Central FA - + - + - -
142 B. insolitus Central AE + + - + - ++
505Y2 Bacillus sp. Subterminal AE + + - - - +
144 B. mycoides Subterminal FA + + - + 1,8/2,8 -
503 B. laterasporus Subterminal FA - + - - - -
505Y13 B. globisporus Central FA -+ + - + 2,9/3,4 -
NO Species Les Gel in MR Cit DIY H:S G
507 B. macerans 4+ + + + - AJAI - -
506 B. mycoides 4+ + - + - Al/Al - -
1412 B. insolitus nd + - + - Al/Al - -
5011 Bacillus sp. - - - -/- - Al/Al - -
146 Bacillus sp. nd + - - + Al/Al - -
505Y12 Bacillus sp. nd + - + + A/A - -
11203 Bacillus sp. nd + - - + A/A - -
141 B. insolitus 4+ - - + - A/A - -
505Y10 Bacillus sp. nd + - - ++ A/A - -
142 B. insolitus 4+ - - + - A/A - -
505Y2 Bacillus sp. nd + - - + AlA - -
144 B. mycoides 4+ - + + - Al/Al + -
503 B. laterasporus 4+ + - + - AlA - -
505Y13 B. globisporus 4+ + - + - AlA - -

In; Indole, Mot; Motility, Oxi; Oxidase, Cat; Catalase, MR; Methyl-Red, Cit; Citrate, KIA: Kligler iron agar, D:
Deep, Y; Surface, G; Gase, Nit; Nitrate, Ami: Amilase, Ure; Urease Lest: Lesitinase, Gel; Gelatinase, nd; Not
detected. -/-; Not Growth, -; Reproduction positive but negative test result, =, weak positive, +; Positive, 4+; very
good,

3.2. Determination of the effect of temperature, pH and NaCl on bacterial growth

Since temperature, pH and salt (NaCl) concentration have roles in enzymatic function as well as overall
metabolic efficiency, these factors do have an effect on survivability. The temperature, pH profile and salt (NaCl)
concentration of the strain indicate that the strain has the ability to survive in an adverse condition (Samanta et al.,
2012). It was aimed to determine the growth potential of the isolated Bacillus strains at different temperatures and
pHs. In our study, it was observed that Bacillus species can grow well in especially 10°C conditions with a wide
temperature range (10-45°C). A similar result has been obtained in the study of two isolates Bacillus sonorensis
and Bacillus subtilis that showed growth between 10-40°C (Jadhav et al., 2010).

It was observed that Bacillus species can grow well in both acidic and basic conditions with a wide pH range
(4.5-8.5). In our study was consistent with previous studies, which reported a wide pH range (5.0-10.0) where
Bacillus can grow. The study highest growth was observed at pH 7.0, 8.5, and 10.0, respectively. However, the
results also indicated that isolates Bacillus could grow at an acidic pH of 5.0 (Wekesa et al., 2022).

In determining the salinity tolerance, it was observed that the growth changed depending on the species. It was
determined that growth was better when the salinity rate was 10%, but some Bacillus species could not reproduce
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when the salinity rate was 15%. Determining the growth of bacteria at different temperatures, pH and salinity rates
is important because of adaptation to seasonally changing soil conditions. Because when the microorganism is
applied to the plant, it should be able to adapt easily to the root rhizosphere and be able to benefit the plant by
maintaining its vitality. It was observed that 85% of the isolates (except three) grew well in the presence of salt
(10%), and the 505Y10 strain was very good in the presence of 15% salt. It was determined that only 505Y12
grew better in the presence of 10% salt (Table 2). In the study has been reported that the soil-based Bacillus subtilis
strain AS-4 was able to tolerate high salt concentration in a growing medium that contained both 10% and 15%
salt. Study according the growth was observed solely in the initial hours up to 25 hours of incubation and later on
it decreased (Satapute et al., 2012). In general, enzymes/enzyme manufacturers that are resistant to harsh
conditions such as high temperature, pH or salt are preferred in the industry (Duman et al., 2016). It is thought that
the temperature, pH and salt tolerance abilities observed in the isolates of 507, 1412, 5011, 11203, 505Y10, 142
which have been identified as species, can also be evaluated industrially.

Table 2. Effect of Salinity, pH and temperature on bacterial growth.

Code Species 10% NaCl 15% NaCl 10°C 45°C pH45 pH55 PpH85
507 B. macerans + + ++ + ++ ++ ++
506 B. mycoides - - + + + ++ +4+
1412 B. insolitus + + + + ++ ++ ++
5011 Bacillus sp. + + ++ + ++ + ++
146 B. macerans + - ++ ++ ++ + ++
505Y12 B. mycoides ++ - + + ++ ++ +
11203 B. insolitus + + + + + + +
141 Bacillus sp. + + - + + + ++
505Y10 B. macerans + ++ ++ + ++ + ++
142 B. mycoides + + + + ++ ++ ++
505Y2 B. insolitus - - + - + ++ +
144 Bacillus sp. + - + - + +
503 B. macerans + - + + ++ ++ +
505Y13  B. mycoides - - + - ++ ++ 4+

3.3. Detection of plant growth-promoting traits (PGPR) of the selected isolates

Plant-associated bacteria play an important role in the adaptation of the host to the changing environment by
altering plant cell metabolism or promoting plant growth (Ma et al., 2011). The most well-known of features that
plant growth promoting bacteria is promote plant growth under heavy metal stress conditions, including indole
acetic acid (IAA) production, 1-aminocyclopropane-1-carboxylic acid (ACC) deaminase, siderophore production,
phosphate solubility, ammonia production and nitrogen fixation (Ullah et al., 2015).

Bacterial endophytes either directly by producing phytohormones, including indole-3-acetic acid (IAA),
gibberellins, cytokinins, phosphate solubility, nitrogen fixation, or indirectly support the growth of host plants
through the production of antibiotics, siderophores. Soil microorganisms can affect trace metal mobility and
availability to plants (Idris et al., 2004). In addition, 1AA, siderophores, ACC deaminase and phosphate
solubilizing bacteria can stimulate plant growth (Rajkumar et al., 2012). In previous studies, metal-resistant
bacterial isolates from different genera (such as Pseudomonas and Bacillus) were reported to produce IAA and
enhance plant growth (Rajkumar et al., 2012). A number of plant growth promoting factors (Siderophore
production, Phosphate solubility, ACC deaminase activity and Ammonium production) of the identified bacteria
were tested in liquid or solid media (on agar plate). Strong siderophore production (>20) ability was detected in 4
of the isolates, but moderate in most of the isolates. In a study to draw attention to the importance of siderophores,
pyoverdine (Pvd), a bacterial siderophore produced by Pseudomonas aeruginosa, was applied. In metal-
contaminated soil (Cd and Cu), the mobility, phytoavailability, and uptake of Cu by tomatoes and barley increased,
while cadmium fate did not change (Cornu et al., 2014). In our study, low levels of siderophore were detected only
in isolates 505Y2 and 144, while siderophore production was not detected in the strain 1412. Other Bacillus strains
in the study showed a strong ability to produce siderophores by forming yellow zones on agar plates. Phosphate
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solubility activity was detected in 6 of them, 11203 and 144 better. It was observed that all isolates had the ability
to produce ammonium, but some isolates were better than others (Figure 1, Table 3). In addition, ACC deaminase
positivity was determined in 6 of the isolates, one of which was low. In this study, the ability of the strains to
produce indole acetic acid was investigated by spectrophotometric method. Good level of IAA activity was
detected in most of the samples, very good level of IAA activity in 146 and 505Y12 strains, while no activity was
detected in 6 of them. The plant growth promoting properties of the strains in the study promise potential to be
local PGPB strains due to concerns about the potential ecological risks of introducing non-native PGPR to the
field, especially in recent years (Ambrosini et al., 2016).

Figure 1. Siderophore production, phosphate solubility and ammonium production activity of bacterial
isolates. P: Positive, N: Negative, SC: Nessler solution control, BK: Bacteri control. 1+;weak, 2+;
moderate activity, 3+;good activity, 4+; strong activity

Table 3. Determination of plant growth-promoting some properties.

Code Sid(mm)  Pho(mm) ACC Am IAA activity

507 10/12 6/- - +4++ 7,54+0,26
506 18/48 5/- - ++ -5,15+0,10
1412 - - - + -2,80+0,36
501 8/15 3/- - +4++ 10,92+2.45
146 17/20 6/- + + 15,29+0,26
505Y12 8/10 5/- - +++ 11,10+0,12
11203 8/10 6/14 + ++ 18,14+0,63*
503 19/24 5/- + ++ 5,81+1,35
505Y10 9/14 7/9 - ++ 3,76+0,65
505Y13 18/45 5/- - ++ 14,68+0,62
142 7/18 5/8 + ++ -5,56+0,17
505Y2 6/9 4/- - ++ 5,94+7,32
144 417 9/12 - ++ -4,18+0,95
141 6/10 7/9 - ++ 17,00+0,51*

U; Growth, Z; Zone diameter(mm), -; negative activity, +; positive activity, ACC; ACC deaminase, Am; Ammonium
production, Sid.; Siderophore production, Pho: phosphate solubility, 1-9 mm; positive activity, 10-19 mm; good
activity, >20; very good activity

3.4. Determination of metal tolerances of bacteria

Studies show that a large number of plants are used to remove heavy metals from contaminated soils (Ullah et
al., 2015). Accordingly, PGPB are widely used to inoculate plants as a biologically defined approach to increase
the phytoremediation efficiency of toxic metals (Chen etal., 2017; Zornozaet al., 2017). The growth characteristics
five different heavy metals salts (copper(ll), lead(ll), iron(ll), silver and zinc(Il)) of the Ovit strains tested in the
study were examined on agar medium with 1, 2.5, 5 and 10 mM concentrations (Table 3, Figure 2). All strains in
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the study were found to grow easily even in the presence of 10 mM iron. Five of the strains were able to grow in
the presence of 10 mM silver, nine in the presence of 10 mM copper, and eleven in the presence of 10 mM lead.
It was determined that all strains in the study did not grow in the medium in the presence of 10 mM zinc. In the
presence of silver, obvious color change and transparent zone formation were observed in some strains. In the
presence of lead, this event was detected as darkening of the colonies. In the presence of copper in the medium,
no color change was observed in the petri dish, but a zone of transparency was observed around the bacterial
colony. In the presence of zinc and iron metals, no shape changes were observed in the petri dishes. Colonies
grown in the presence of copper showed a clear color change in the medium when kept at room temperature
(Figure 2). Itis thought that the metal salts will probably be reduced by accumulating on the surface of the bacteria
or adsorbing the metals to the surface of the bacteria as they wait. Similar to our study, Njoku et al., (2020) reported
in their study that the uptake of Pb, Cd and Ni from the media increased with the increase of the incubation period
of Bacillus megaterium and Rhizopus stolonifer.

Figure 2. Petri image of bacterial isolates in an agar medium containing different metal salts

Table 4. Determination of the tolerance of bacteria to different metal concentrations

Code Ag Fe Cu Pb Zn
507 nd <10 /+ nd TE TE
506 - <10/+ <10/+ <10/ + <5/+
1412 nd <10 /+ nd nd Nd
501 1/+ <10/+ <10/+ <10/ + <2,5/+
146 <10/+ <10/+ <2,5/+ <5/+ <1/+
505Y12 - <10/+ <10/+ <10/+ <5/+
11203 1/+ <10/+ <5/+ <10/ + -/-
503 <10/+ <10/ ++ <5/ +++ <1/+ <5/+
505Y10 - <10/ ++ <5 [+++ <10/ ++ <5/+
505Y13 <10/+ <10/ + <5/+ 1 (-14) <5/+
142 - <10/ + <10/ + <10/ + <2,5/+
505Y2 <2,5/+ <10/ + <10/ + <10/ + <5/+
144 - <10/ ++ <10/ ++ <10/ + <2,5/+
141 - <10/+ <10/ +++ <10/+ <5/+

<0; negative activity, 0-9, positive activity, 10-15, good activity, >16; very good acitivity, Ability to grow in
the presence of 1, 2.5, 5 and 10 mM metal, nd: not detected, (<), 1-10 mM growth, (-); not growth, (+): growth,
(2+); good growth, (3+); very growth.

Biomass that is used or turned into waste should be disposed of safely without harming the environment. Since
the discharge or burning of spent adsorbents pollutes the soil, air and groundwater, suitable alternative techniques
such as thermal desorption and maximum possible recycling of biosorbents are needed for sustainable use
(Priyadarshanee and Das, 2021). Bacteria are characterized by their high adaptability to different environments,
even under extreme conditions. Studies suggest many mechanisms to explain the rapid adaptation and tolerance
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of bacteria to different environmental conditions (Casacuberta and Gonzalez, 2013). Utilizing plant-beneficial
rhizobacteria not only improves biocontrol and reduces the use of environmentally harmful pesticides, but also
promotes plant growth and increases crop uptake. It is recognized that PGPB play a key role in agricultural
practices and enable more sustainable farming opportunities (Zhang et al., 2022). PGPB can help growth by
increasing the resistance of plants to different environmental stresses (Gururani et al., 2013). Studies show that
these rhizobacteria, which are beneficial for plants, have high potential in applications for sustainable agriculture
and this is of great importance for agricultural activities (Chen et al., 2022). As we stated in our study, it is seen
that PGPB with high metal tolerance are of great importance for environmental and agricultural applications. Liu
etal., (2014) stated in their study that the plant growth rate was more than 300% after the treatment of the soil with
copper-tolerant bacteria. Bioremediation is the removal of waste with microorganisms and is one of the most
effective strategies. For effective bioremediation, it is of great importance to identify metal-resistant bacteria that
can promote plant growth and minimize the exposure of plants to metals in the soil. Different studies show that
the application of heavy metal resistant PGPB in soils exposed to artificial heavy metal application prevents plants
from being exposed to these heavy metals due to their microbial activities in the rhizosphere (Tak et al., 2013). It
shows that plants should be treated with PGPR if heavy metal accumulation is increased. However, in parallel with
the bacterial metal dissolving activity, other factors such as nutrient level, pH, metal species and plant variety in
the soil highly affect the metal solubility in the soil, which in turn changes the metal uptake (Rajkumar et al., 2013).
Bacillus genus can be grown in many culture media. In addition, it is mostly in the first place in studies carried out
in heavy metal-contaminated areas, along with those based on enrichment techniques for the detection of metal-
resistant microorganisms. In a field study, it was reported that 31.51% of the bacterial population belonged to the
genus Bacillus in the microbiota examination of soil samples known to contain cadmium (0.5 to 1.6 mmol L"),
zinc (138.2 to 900.7 mmol L), and lead (6.1 to 442.1 mmol L™!) (Lenart and Wolny-Koladka, 2013). Jing et al.
(2012) reported that three of the four species isolated from heavy metal-contaminated soils belonged to the genus
Bacillus. New approaches based on using contaminated biomass aim to produce catalysts for the synthesis of
organic molecules (Grison, 2015). Among these studies, Bacillus genus is of great importance as it is the most
isolated bacterium. Clavé et al. (2016) show that copper "eco-catalysts" prepared from the roots of Eichhornia
crassipes are highly effective in the azide-alkyne cycloaddition reaction. Sevim and Sevim (2015) reported that
Bacillus strains isolated from soil samples taken from different locations in Rize were resistant to copper,
chromium, zinc, iron, and nickel. Another study revealed that inoculation with metal-resistant endophytic bacteria
can effectively increase growth parameters in plants under Cd and Ni stress (Jan et al., 2019). Similar to these
studies, the results of our study are considered to have potential for bioremediation and growth regulating
properties for plants. In vitro and ex vivo studies on different conditions and plants should be continued in the
future to fully demonstrate this potential.

4. Conclusions

Plant growth-promoting bacteria (PGPB) may be one of the most viable alternatives in the future to reduce negative
stress threats with their natural, environmentally friendly and sustainable approach. In addition to improving plant
health, using PGPB can optimize conditions for plants in the soil and the rhizosphere by maintaining nutrient
availability, synthesizing phytohormones, and dissolving phosphate. Since the metal-bacteria interaction is initiated at
the metal uptake level, the uptake mechanism is thought to be closely related to the metal resistance mechanism.
Biodegradation abilities in bacteria may differ between species, even within species within the same genus. However,
data on the bioremediation of heavy metals is limited, and further research is required to identify candidate species that
can provide bio-recovery of heavy metal-contaminated soils.
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Genetic Diversity of Kirklareli Honey Bee (Apis mellifera L.) Populations in Thrace
Region of Turkey: Identification of Mitochondrial COl and ND5 Gene Regions*

Tiirkiye’nin Trakya Bolgesi Kirklareli Bal Arisi (Apis mellifera L.) Populasyonlarinda
Genetik Cesitlilik: Mitokondriyel COI ve ND5 Gen Bélgelerinin incelenmesi

Ilknur GOZEY", Fulya OZDIL?
Abstract

The main goal of genetic resource conservation is to keep as much genetic diversity as possible within each species.
In this respect, some difficulties in the protection of honey bee gene resources make it necessary to reveal the
genetic structures of the subspecies and the genetic relationships between the subspecies. In this study, Kirklareli
honey bee populations which were officially registered as an ecotype of Turkey’s honey bee (Apis mellifera L.)
gene resources by the Republic of Turkey, Ministry of Agriculture and Forestry, were examined in the COI and
ND5 genes of mitochondrial DNA. The restriction fragment length polymorphism (RFLP) together with the
polymerase chain reaction (PCR) was used to define Apis mellifera populations. A total of 117 worker bee samples
were used which were collected from mostly the Kirklareli province. A newly found single nucleotide
polymorphism (SNP), G—A transition in the COI gene region formed a novel Ncol restriction site resulting in a
new haplotype. This new haplotype has been abbreviated as haplotype C. As a result of the COI/Sspl digestion,
the previously reported C haplotype was determined. No restriction was found with the treatment of COI/Styl
enzyme. On the other hand, as a result of ND5/Alul restriction, 2 restriction site and previously reported haplotype
C was obtained in all of the studied samples. No restriction was screened with ND5/Fokl and ND5/Hincll enzymes
in the whole samples, only a reported uncut B haplotype was observed. Within this study, novel genetic
information has been revealed for the Kirklareli honey bee ecotype registered as the Thrace honey bee of Turkey’s
honey bee gene resources. Moreover, detailed studies with larger sample sizes should be conducted to characterize
the origin and the subspecies of Kirklareli honey bees in detail. It is thought that this study will be useful in the
identification and registration of the Kirklareli honey bees to be carried out in the future, and also in the creation
of a database.
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Oz

Genetik kaynaklart korumanin temel amaci, her bir tiir iginde miimkiin oldugu kadar ¢ok genetik cesitliligi
korumaktir. Bu ac¢idan bal aris1 gen kaynaklarinin korunmasindaki bazi giicliikler, alt tiirlerin genetik yapilariin
ve alt tiirler arasindaki genetik iliskilerin ortaya ¢ikarilmasini zorunlu kilmaktadir. Bu arastirmada, T.C. Tarim ve
Orman Bakanlig1 tarafindan Trakya ekotipi olarak tescil edilen Kirklareli bal aris1 populasyonlarini temsil eden bal
artlart mitokondriyel genomda COI ve ND5 gen bolgelerinde farkli restriksiyon enzimleri ile incelenmistir. Apis
mellifera populasyonlarinin tanimlanmasinda restriksiyon par¢a uzunluk polimorfizmi (RFLP) yontemi, polimeraz
zincir reaksiyonu (PCR) ile birlikte ¢alisilmistir. Agirlikli olarak Kirklareli ilinden 6rneklenen 117 adet is¢i ar1
ornegi materyal olarak kullanilmistir. COI/Ncol kesiminde G— A transizyonu sonucu yeni bir kesim noktas1 ve ilk
kez bu caligmada bildirilen yeni bir haplotip elde edilmistir. Bu haplotip daha 6nce bildirilen haplotipleri takip
ederek C haplotipi olarak adlandirilmistir. COI/Sspl kesim sonucu olarak, birden fazla kesim noktast ve dnceki
calismalarda bildirilen C haplotipi elde edilmis; COI/Styl enzimi ile herhangi bir kesim noktasi bulunamamustir.
Ote yandan, ND5/Alul kesimi sonucunda, incelenen tiim orneklerde 2 kesim noktasi ve daha dnce bildirilen
haplotip C elde edilmistir. ND5/Fokl ve ND5/Hincll enzimleri ile incelenen tiim populasyonda kesim tespit
edilememis Ve tek bir bant profili sonucu B haplotipi goriilmiistiir. Bu ¢aligma ile Tiirkiye bal aris1 gen kaynaklarindan
Trakya bal aris1 olarak tescil edilen Kirklareli bal arisi ekotipi igin yeni genetik bilgiler ortaya konmus olup,
Kirklareli bal arilarinin orijin ve alttiirlerinin detayli olarak karakterize edilebilmesi igin daha genis ornek
bliylikligii ile detayl calismalar yapilmalidir. Bundan sonra yapilacak olan Kirklareli bal arisinin tanimlanmasinda
ve tescil ¢alismalarinda ve ayrica veri tabani olusturulmasinda bu ¢aligmanin faydali olacag: diistiniilmektedir.

Anahtar sozciikler: Apis mellifera, COI geni, ND5 geni, Kirklareli bal arisi, RFLP teknigi
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1. Introduction

Beekeeping has been one of the most effective production activities in Anatolia since ancient times. It has been
reported that honey bees developed by spreading firstly in Europe, Africa, and the Near East until the 17th century,
and after the 17th century, it was carried by immigrants, and beekeeping was carried out in all settlement areas
(Frratli, 1988). While it was used to produce only honey to meet family needs, it has now become a commercial
line of business. It is known that beekeeping is an activity that is more dependent on nature than other agricultural
lines, and Tiirkiye is in an advantageous position for beekeeping with its climate pattern and rich flora.

It is known that the western honey bee (Apis mellifera L., 1758), (Hymenoptera: Apidae), has spread to all
parts of the world due to its high adaptability and has adapted to the ecological conditions of the regions where it
is found. A large number of geographical races have formed different ecotypes within these races. Adam (1983)
reported that Turkey, due to its different climatic characteristics, is naturally a transition point between Africa,
Europe, and Asia, and therefore it is a major gene pool that contains many bee races and ecotypes. Turkey has been
one of the most important countries in beekeeping not only in terms of its natural riches but also because of its bee
gene resources. Previous studies defined 27 subspecies of Apis mellifera based on mostly morphometric characters,
and finally 29 Apis mellifera races (subspecies) identified so far with the help of molecular techniques.
Considering this geography, it was concluded that Anatolian (Apis mellifera anatoliaca Maa, 1953), Caucasian
(Apis mellifera caucasica Gorbachev, 1916), Iranian (Apis mellifera meda Skorikov, 1929) and Syrian bees (Apis
mellifera syriaca Buttel-Reepen, 1906) were found in Turkey. The existence of the fifth honey bee subspecies in
the Thrace region according to morphological (Giiler et al., 2010) and genetic marker studies was also reported
(Smith et al., 1997; Palmer et al., 2000; Kekecoglu et al., 2007, 2009; Ozdil et al., 2009, 2022; Unal and Ozdil,
2018).

It is known that there has been an increase in the number of nomadic beekeepers in Turkey recently. For this
reason, gene flow may increase between honey bee populations and uncontrollable genetic hybridizations may
occur. ldentification of the morphological and genetic variation in the honey bee subspecies and ecotypes, such as
Thrace, Yigilca, Mugla, etc. ecotypes plays an important role in the formation of honey bee populations (Giiler et
al., 2010; Kekecoglu et al., 2007, 2009; Ozdil et al., 2009, 2022; Giider et al., 2017; Giir et al., 2018; Unal and
Ozdil, 2018).

In this study, in order to determine the genetic structure of honey bees in mostly Kirklareli and also in Tekirdag
provinces, possible mtDNA variations of COIl and ND5 genes were analyzed and genetic markers were tried to be
determined. Ncol, Sspl, and Styl restriction enzymes in the COI gene and Alul, Fokl, and Hincll restriction
enzymes in the ND5 gene were studied. Thrace honey bee populations were considered as a different ecotype in
Tiirkiye’s honey bee gene resources and registered no need by the Republic of Tiirkiye, Ministry of Agriculture
and Forestry (Anonymous, 2020). With this study, novel information has been revealed and updated for the ecotype
registered as the Thrace bee.

2. Materials and Methods
2.1. Sample collection

In this study, a total of 117 DNA samples, representing the Thrace region, from mostly Kirklareli (107 samples)
and Tekirdag (10 samples) honey bee populations were examined.

2.2. Selection of genomic DNA samples

Genomic DNA isolation was previously carried out within the scope of the Tiibitak 3001 Research Project. In
this study, the honey bee DNA samples were selected according to the quantity and quality of the DNAs, samples
were both checked on 1% agarose gels and controlled on a UV spectrophotometer.

Samples with good DNA quantity and quality were selected and used in this study. After checking the purity
of DNA samples, PCR (Polymerase Chain Reaction) optimization was performed to amplify the targeted
mitochondrial regions. All the analyses were performed in Molecular Genetics Laboratory in Tekirdag Namik
Kemal University in 2021.
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2.3. PCR amplification of mitochondrial DNA COI and ND5 regions

PCRs were performed to amplify the 1028 bp of the COIl (between the 2095-3123" mtDNA nucleotide
sequence) and the 822 bp of the ND5 (between the 7395-8217" mtDNA nucleotide sequence) gene regions. COI
(Ncol, Sspl, Styl) and ND5 (Alul, Fokl, Hincll) gene regions were amplified with the primers and digested with
the restriction enzymes given in Table 1.

Table 1. Primers, restriction enzymes and the references used in this study

mtDNA Region Primers (5'—3") Enzymes References
COI (1028 bp) Ncol Bouga et al., 2005
COI-*F GATTACTTCCTCCCTCATTA Sspl Stevanovig et al., 2010
COI-*R AATCTGGATAGTCTGAATAA Styl Meixner et al., 2013
ND5 (822 bp) Alul Bouga et al., 2005
ND5—*F TCGAAATGAATAGGATACAG Fokl-BtsCl Ivanova et al., 2010
ND5—*R GGTTGAGATGGTTTAGGATT Hincll Meixner et al., 2013

Primers that were used to amplify the COI and ND5 gene regions, were designed based on the honey bee whole
genome reference sequence (Access No: NC-001566) available in the NCBI GenBank database. PCR reactions for
the amplification of COIl and ND5 gene regions; prepared as 40 pl mixture, 20 ng genomic DNA, 0.5 uM of primer,
10X PCR buffer (MgCly), 2 mM dNTP, and 1U Tag DNA Polymerase.

The PCR cycling conditions were 94°C for an initial denaturation for 5 min; 35 cycles of 94°C for 1 min
denaturation, 1,5 min at the primer annealing temperature, and 72°C for 2 min extension; and a final 72°C for 15
min. 1028 bp of the COI and 822 bp of the ND5 PCR products were digested with Ncol, Sspl, Styl, and Alul, and
Fokl and Hincll (ER0571, ERO771, ER0411, ER0011, ER0871, ER0491, Thermo Fisher Scientific), respectively.
The restricted products were controlled on 2% agarose gels.

3. Results and Discussion

In this study, mtDNA variations in COI and ND5 genes were determined and the genetic markers were tried to
be presented. Ncol, Sspl, and Styl restriction enzymes were studied in the COI gene, and Alul, Fokl, and Hincll
restriction enzymes were studied in the ND5 gene, and previously reported and newly found restriction sites were
revealed.

3.1. Amplification of COI gene region and RFLP results

The COI region was amplified by PCR using the primers given in Table 1 and 1028 bp PCR products were
obtained. Ncol, Sspl, and Styl restriction enzymes were used to detect variation in this gene region.

After digesting the COI gene with the Ncol (ER0571 Thermo Fisher Scientific) restriction enzyme, a novel
restriction site was formed as a result of a new SNP (G— A transition) at position 2345, and a new Ncol restriction
site formed a profile of 246 and 782 bp on the gel (Figure 1). This newly found profile was abbreviated as the C
haplotype in addition to the haplotypes reported previously (Bouga et al., 2005, Ozdil etal., 2012). This haplotype
was found in 2 out of 10 samples, belonging to the Tekirdag region, and 12 samples of the Kirklareli population
(10.26%). No restriction site was found in all the other studied samples and haplotype B (1028 bp) was found.

Cleavage of the COI gene region with the Sspl (ER0771 Thermo Fisher Scientific) restriction enzyme revealed
4 restriction sites and 523, 213, 175, 85, and 32 bp bands on the gel (Figure 2a). This profile was previously
reported as the C haplotype (Ozdil et al., 2012). C haplotype was found in all of the studied samples.

As a result of the restriction of the COI gene with the Styl (ER0411 Thermo Fisher Scientific) enzyme, two
haplotypes were found in the studied populations. No digestion was seen in most of the samples resulting the
haplotype A, which was reported previously, on the other hand, a point mutation at position 2150 (G— A transition)
changed the restriction site to CCWWGA from CCWWGG, and 628 and 400 (Figure 2b) bp was obtained on the
gel as a result of a single cut, and this profile was abbreviated as the B haplotype (Bouga et al., 2005).
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B haplotype was determined in 52 (44.4%) of the Kurklareli samples studied. No restriction site was found in
the remaining Kirklareli and Tekirdag samples, only A haplotype (55.6%) was found.
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Figure 1. Cleavage of the COI gene region with the Ncol restriction enzyme on 2% agarose gel
electrophoresis (1-10, 12, 14-16: B haplotype (1028 bp-PCR product); 11 and 13: C haplotype (782-246 bp);
M: Fermentas GeneRuler™ 1kb DNA Ladder.
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Figure 2. Cleavage of the COI gene region with the Sspl (a) and Styl (b) restriction enzymes on 2% agarose
gel electrophoresis. (a) 1-19: C haplotype (523-213-175-85-35 bp); M: Fermentas GeneRuler™ 1kb
DNA Ladder. (b) 2-9: A haplotype (1028 bp); 1 and 10: B haplotype (628-400 bp); M: Fermentas
GeneRuler™ 1kb DNA Ladder.

The cleavage of the COI gene region in different honey bee populations was performed in the previous studies.
For example; in honey bee populations native to Greece (Apis mellifera cecropia Kieseweiter, 1860) and Cyprus
(Apis mellifera cypria Pollman, 1879), Bouga et al. (2005) reported a different Ncol cleavage in this gene which
is different from our study and abbreviated this haplotype as A (595 and 433 bp). In this study, A haplotype was
not detected but a novel restriction was reported as the C haplotype. Kekegoglu et al. (2007) reported only the B
haplotype (1028 bp-uncut) in the honey bee populations of Tiirkiye in the same gene region. And also, lvanova et
al. (2010) and Stevanovic et al. (2010), reported that Bulgaria, Serbia, Bosnia-Herzegovina (Apis mellifera carnica
Pollman, 1879), and Macedonia (Apis mellifera macedonica Ruttner, 1988) honey bee populations, did not have
the recognition site of the Ncol enzyme in the COI gene, only the B haplotype (1028 bp-uncut) was found in these
populations.

In cleavage of the COI gene region with the Sspl enzyme, different restriction patterns were reported as A
haplotype (487-277-264 bp) (Bouga et al., 2005) and B haplotype (580, 439 bp) (Kekegoglu et al., 2007) but in
our study, only C haplotype (523-213-175-85-32 bp) which were reported previously (Ozdil et al., 2012) was found
in all of the studied populations. Our results were found in accordance with Ozdil et al. (2012). lvanova et al.,
(2010) reported that the Sspl and Styl enzymes did not have a recognition site and a single PCR product (1028 bp)
occurred in Bulgarian honey bee populations.

The digestion of the COI gene region with the Styl enzyme revealed two different haplotypes, the A haplotype
(1028 bp-uncut) (lvanova et al., 2010; Stevanovic et al., 2010), and the haplotype B (626, 402) in honey bee
populations.
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It was emphasized that diagnostic patterns were revealed in the Macedonian populations after the digestion of
the COI gene segment with the restriction enzymes Ncol (haplotype A) and Styl (haplotype B) (Bouga et al., 2005).
In this study, the B haplotype was determined in 52 of the Kirklareli samples out of the 117 samples which can be
the result of the Macedonian origin.

3.1. Amplification of ND5 gene region and RFLP results

The 822 bp of the ND5 gene region was amplified by PCR using the primers in Table 1, and Alul, Fokl (BtsCl),
and Hincll restriction enzymes were used to detect variation in this gene region. Only Alul digestion resulted in a
restriction site, the remaining enzymes have no restriction sites in the ND5 gene region of the studied honey bee
populations.

In this study, cleavage of the ND5 gene region with the Alul (ER0011 Thermo Fisher Scientific) restriction
enzyme revealed two restriction sites, and a profile consisting of 3 bands of 554, 211, and 57 bp in all of the studied
samples (Figure 3) which were reported as the C haplotype (Ozdil et al., 2012). The 57 bp long band formed a
faint band in the gel, and cannot be seen properly. Our results were found similar to Ozdil et al. (2012). Bouga et
al. (2005) reported 2 haplotypes (A: 554, 268 and B: 554, 171 and 97 bp long) which had different cleavage sites
compared to the haplotype found in our study.
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Figure 3. Cleavage of the ND5 gene region with Alul restriction enzyme on 2% agarose gel electrophoresis
(1-16: C haplotype (554-211-57 bp), M: Fermentas GeneRuler™ 1kb DNA Ladder.

No restriction sites were found with Fokl (BtsCl) (ER0871 Thermo Fisher Scientific) (Figure 4a) and Hincll
(ER0491 Thermo Fisher Scientific) (Figure 4b) restriction enzymes in the ND5 gene resulting in a single band
profile of 822 bp in our study. This result was found in accordance with Ivanova et al. (2010). Bouga et al (2005)
reported a single cleavage site in both of the restriction enzymes; the Hincll enzyme, A haplotype (418-404 bp),
and the Fokl enzyme, A haplotype (430-392 bp).
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Figure 4. Cleavage of the COI gene region with the Fokl (BtsCl) (a) and Hincll restriction enzymes on 2%
agarose gel electrophoresis. (a) 1-14: B haplotype (822 bp); M: Fermentas GeneRuler™ 1kb DNA
Ladder. (b) 1-12: B haplotype (822 bp); M: Fermentas GeneRuler™ 1kb DNA Ladder.
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In this study, COl and ND5 gene regions were restricted with the Ncol, Sspl, Styl and Alul, Fokl, Hincll

restriction enzymes in order to determine possible new haplotypes in terms of mtDNA molecule in honey bees
from Kirklareli and Tekirdag representing Thrace honey bees.

The similarities and differences between races, ecotypes, and even populations can be investigated on the basis
of nucleotide changes obtained as a result of cleavage with restriction endonuclease enzymes. In this way, genetic
proximity and distance in all species can be revealed.

In this study, it is known that different mtDNA haplotype groups are formed with the restriction enzymes
applied to the gene regions of the honey bees, and the following enzyme haplotype combinations were formed
according to the enzyme recognition sites found in gene regions (Table2).

Table 2. The haplotype diversity of the populations in the mitochondrial genome of COI and ND5 genes

Gene Region Ccal ND5

Enzyme/Haplotype Ncol Sspl Styl Alul Fokl  Hincll

Type 1 B C A C B B
Type 2 B C B C B B
Type 3 C C A C B B
Type 4 C C B C B B

In this study, two different mtDNA regions (COI and ND5) were investigated and genetic similarities or
differences in Kirklareli and Tekirdag honey bee populations were revealed. As a result of the analysis, different
variations were found as a result of cleaving with Ncol and Styl restriction enzymes, which will be used to
distinguish the populations as a result of treatment with different enzymes. As a result of the digestion of the COI
region with the Ncol enzyme, variations were detected in 2 samples from Tekirdag and 12 samples from Kirklareli
populations observed and both populations were found to be polymorphic. Likewise, in the Styl digestion of the
COlI gene region, 44.4% of Kirklareli populations were found as haplotype B, the rest as the haplotype A.

4. Conclusion

In this study, some of the haplotypes that were found in Kirklareli samples were found similar to the haplotypes
detected in the Macedonian (Apis mellifera macedonica Ruttner, 1988) samples reported previously whereas some
of them showed quite different haplotype profiles. The reason for this situation may be due to the low number of
samples examined in this study, and also the intense use of Carniolan (Apis mellifera carnica Pollman, 1879) queen
beesin the region. Intra-regional races and ecotypes should be revealed, these hypotheses should be confirmed or
tested by conducting studies with different gene combinations in the Kirklareli population and throughout Thrace.

It is a necessity to define or protect the physiological, morphological, or behavioral characteristics of honey
bee breeds in detail. In order to do this, genetic diversity must be determined. It is thought that this study will be
useful in similar studies to be carried out in the future and also in the creation of a genetic database on Thrace
honey bees in Turkey.
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