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Determination of metabolic profiling by LC-MS/MS, evaluation of antioxidant activities,
and enzyme inhibition effects of Helichrysum plicatum subsp. pseudopliacatum

Helichrysum plicatum subsp. pseudopliacatum'un LC-MS/MS ile metabolik profilinin
belirlenmesi, antioksidan aktivitelerinin ve enzim inhibisyon etkilerinin degerlendirilmesi

Leyla GUVEN* Ilhami GULCIN

Pathogen Fungal Isolation from Unused and Used Shoes .
Kullanilan ve Kullanilmayan Ayakkabilardan Patojen Fungus Izolasyonu

Muhammet Emin ORAK, Hiiseyin TANIS

Antibiotic Resistance Profiles of Gram Negative Bacteria Isolated From Wastewater
Atik Sulardan Izole Edilen Gram Negatif Bakterilerin Antibiyotik Direng Profillerinin
Belirlenmesi

Merve CORA, Inci DURUKAN, Giilsen ULUCAM ATAY, Ali Osman KILIC

Determination of DNA Interaction of Tetrazolato Ligand and Pt(II) Complex by Molecular
Docking

Tetrazolato Ligandi ve Pt(I1) Kompleksinin DNA Etkilesiminin Molekiiler Doking Yéntemi
ile Belirlenmesi

Fatma OKUS, Deniz YUZBASIOGLU®, Gonca CAKMAK, Nursen SARI, Fatma UNAL

Seed morphology of Cuscuta L. (Convolvulaceae) in Turkey and its systematic importance
Cuscuta L.'min (Convolvulaceae) Tiirkiye'deki tohum morfolojisi ve sistematik énemi

Ibrahim DEMIR®, Firat ANGISHAN, ilhan KAYA

Some morphological characteristics and new distribution areas of Pistacia eurycarpa Yalt.
(Anacardiaceae) species

Pistacia eurycarpa Yalt. (Anacardiaceae) Tiirtiniin Baz1 Morfolojik Ozellikleri ve Yeni
Yayilis Alanlar:

Ajlan YILMAZ, Ergiun OZUSLU®, Kamil SARPKAYA, Ahmet Zafer TEL

Determination of Fruit Characteristics of Mulberry (Morus alba) Types Grown in Ordu
Province

Ordu Ilinde Yetistirilen Beyaz Dut Tiplerinin (Morus alba) Meyve Ozelliklerinin
Belirlenmesi

Erol AYDIN®, Ercan ER, Niliifer AKSU USLU, Ali TURAN, Saim Zeki BOSTAN

Determination of the Dormancy and Active Growth Duration of Various Rootstock and
Cultivar Combinations of Pear Trees along Their Phenological Stages

Armut Agaglarinin Farkli Anag ve Cesit Kombinasyonlarinin Dormansi ve Aktif Biytme
Streleri ile Fenolojik Sathalarinin Belirlenmesi

Zaki Ahmad FAIZI®, Ahmet OZTURK
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The Response of Different Shading Applications in Terms of Yield, Quality and
Antioxidant in Tomato Plant

Farkli Golgelendirme Uygulamalarinin Domates Bitkisinde Verim, Kalite ve Antioksidan
Acisindan Tepkisi

Adnan KARTAL, Yelderem AKHOUNDNEJAD®, Hayriye DASGAN, Baki TEMUR, Lale
ERSOY

On the Red Squill Powder (Drimia maritima) As a Botanical Rodenticide; a Preliminary
Study on Wild Rattus norvegicus in Ankara Province

Botanik Rodentisiti Olarak Ada Sogani Tozu (Drimia maritima) Uzerinde; Ankara Tli'nde
Yabani Rattus norvegicus Uzerine Bir On Calisma

Nuri YIGIT®, Emre BARLAS, Siikrii ESIN, Luwieke BOSMA, Derya CETINTURK

Evaluation of Propylene Oxide as an Alternative Fumigant to Methyl Bromide against Dry
Fruit Moth Plodia interpunctella (Hiibner) (Lepidoptera: Pyralidae)

Propilen Oksit'in Kuru Meyve Giivesi Plodia interpunctella (Hiibner) (Lepidoptera:
Pyralidae)'ya kars1 Metil Bromiire Alternatif Bir Fumigant Olarak Degerlendirilmesi

Yeter KUCUKTOPCU®, Ali Arda ISIKBER

A new genus record for the flora of Tirkiye: Sida L. (Malvaceae)
Tiirkiye Floras: I¢cin Yeni Bir Cins Kaydi: Sida L. (Malvaceae)

Selin TUNK®, Ashi KOCA, Sibel UYGUR, Feyzullah Nezihi UYGUR

Coleoptera Species Detected on Weeds in Hakkari/Yiiksekova Basin
Hakkari/Yiksekova Havzasinda Yabanci1 Otlar Uzerinde Saptanan Coleoptera Turleri

Mesut SIRRI®, Cumali OZASLAN

A taxonomical and biogeographical analysis of the fauna Metopiinae (Hymenoptera:
Ichneumonidae) of Tiirkiye

Tiirkiye Metopiinae (Hymenoptera: Ichneumonidae) Faunasimin Taksonomik ve
Biyocografik Analizi

Saliha CORUH®, Janko KOLAROV

Effects of Hemp Fibers on Durability and Strength Properties of Concrete to be Used in
Agricultural Buildings )
Kenevirin Tarimsal Yapilarda Kullanilan Betonun Bazi1 Ozelliklerine Etkisi

Ahmet Ozan AKINCI, Sedat KARAMAN*=

Calculation of Heat Requirement Values of Modern Greenhouse Enterprises in Batman
Region, Determination of the Effects of Heat Protection Measures on Heat Consumption
Batman Yéresi Modern Seraciik Igletmelerinin  Is1  Gereksinim Degerlerinin
Hesaplanmasi, Is1 Koruma Onlemlerinin Isi Tiketimine Etkilerinin Belirlenmesi
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ABSTRACT Biochemistry
Helichrysum species are traditionally used to treat many diseases. In )
this study, the antioxidant and enzyme inhibition abilities of methanol Research Article

(MEHP) and water extracts (WEHP) from Helichrysum plicatum subsp.
Pseudopliacatum was evaluated. Also, the phenolic compounds will be
assessed and the quantities of total phenols and flavonoids will be

calculated. For evaluation of antioxidant activity of both extracts was
assessed using DPPH, ABTS and DMPD radical scavenging, FRAP,
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CUPRAC, and Fe3* reduction methods were used. The inhibition effects Eﬁgﬁfg:nt

of extracts were spectrophotometrically evaluated on the a-glucosidase Wnpzmgraeee fal - Toftitore
(a-Gly), acetylcholinesterase (AChE), and carbonic anhydrase II (CA II) LO-MS/MS
enzymes. These inhibition effects were compared to the standard El s
inhibitors The qualitative and quantitative phenolic components in Asteracea

extracts were analyzed by liquid chromatography-tandem mass
spectrometry (LC-MS/MS), employing both methods. The ICso value,
which is the inhibitor concentration that causes 50% inhibition of
MEHP and WEHP, is found as 2.39 and 2.97 pg mL-1 for a-gly, 2.48 and
3.59 pg mL1! for AChE and 11.95 and 25.67 pg mLfor CA II. The
quantity of phenols in MEHP and WEHP were 46.00 and 33.50 ng GAE
mgl extract, 62.13 and 103.93 pg QE mg?! extract flavonoids,
respectively. ICs0 values of MEHP and WEHP were calculated as 40.77
and 49.51 pg mL-! for DPPH radical scavenging, 10.50 and 17.77 pg mlL-
1 ABTS radical scavenging and 99.02 and 77.01 pg mL'* DMPD radical
scavenging. The absorbance values of reducing abilities of MEHP and
WEHP were found as 0.555 and 0.495 Fe3* reducing ability, 0.577 and
0.286 for FRAP reducing ability and 0.402 and 0.315 for Cu?* reducing
ability. As a result of the LC-MS/MS analysis, the levels of phenolic
compounds such as chlorogenic acid, cyanidin-3-O-glucoside and quinic
acid were found to be high in MEHP and WEHP. In this study, it was
observed that MEHP and WEHP have strong antioxidant properties
and effectively inhibited the enzymes activities. The findings clearly
reveal the antioxidant and enzyme inhibition potential of Helichrysum
species, which have been used in traditional medicine for a long time.
Helichrysum plicatum extracts used in this study show that they are
very effective against diabetes, glaucoma and Alzheimer's disease,
which are global and common diseases.

Helichrysum plicatum subsp. pseudopliacatumun LC-MS/MS ile metabolik profilinin belirlenmesi,
antioksidan aktivitelerinin ve enzim inhibisyon etkilerinin degerlendirilmesi

OZET Biyokimya

Helichrysum tirleri geleneksel olarak bircok hastalik tedavisinde

kullanilmaktadir. Bu ¢alismada, Helichrysum plicatum subsp. Aragtirma Makalesi
pseudopliacatum’den elde edilen metanol (MEHP) ve su (WEHP)

ekstrelerinin antioksidan ve enzim inhibisyon etkilerinin belirlenmesi Makale Tarihgesi
amaglanmigtir. Ayrica her iki ekstrede bulunan fenolik bilesiklerin Gelig Tarthi  :15.09.2023
belirlenmesi ve toplam fenolik ve flavonoit miktarlarinin hesaplanmasi Kabul Tarihi :02.11.2023

da amaclanmistir. Her 1ki ekstrenin antioksidan aktivitesini
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Aragtirma Makalesi
Research Article

degerlendirmek icin DPPH, ABTS ve DMPD radikal giderme, FRAP,
Cuz* ve Fe3* indirgeme metotlarn kullanmilmigtir. Ekstrelerin a-
glikozidaz (a-Gly), asetilkolinesteraz (AChE) ve karbonik anhidraz II
(CA II) enzimleri iizerinde inhibisyon etkileri spektrofotometrik olarak
degerlendirildi ve standart inhibitérler ile mukayese edildi. Ekstrelerde
bulunan fenolik maddelerin kalitatif ve kantitatif analizi ise sivi
kromatografisi tandem kiitle spektrometresi (LC-MS/MS) ile belirlendi.

MEHP ve WEHPye ait %50 inhibisyona sebep olan inhibitor
konsantrasyonu olan ICso degeri, a-Gly i¢in 2.39 ve 2.97 pg mL1, AChE
i¢in 2.48 ve 3.59 pg mL1 ve CA II i¢in ise 11.95 ve 25.67 ng mL1! olarak
bulundu. MEHP ve WEHP'deki toplam fenolik miktari sirasiyla 46.00
ve 33.50 ng GAE mg! ekstre; toplam flavonoit ise 62.13 ve 103.93 ng QE
mg!l ekstre olarak hesaplandi. MEHP ve WEHPnin sirasiyla DPPH
radikal gidermeye ait ICso degerleri 40.77 ve 49.51 pg/mL, ABTS
radikal gidermeye ait ICso degerleri ise 10.50 ve 17.77 ng mL* ve DMPD
radikal gidermeye ait ICso degerleri ICs0= 99.02 ve 77.01 ug mL1 olarak
belirlenmigtir. MEHP ve WEHPin Fe3* indirgeme kapasitesine ait
absorbans degerleri sirasiyla indirgeme 0.555 ve 0.495, FRAP indirgeme
kapasitesine ait absorbans degerleri 0.577 ve 0.286 ve Cu?* indirgeme
kapasitesine ait absorbans degerleri ise 0.402 ve 0.315 olarak bulundu.
LC-MS/MS analizi sonucunda MEHP ve WEHP'de klorojenik asit,
siyanidin-3- O-glikozit ve kinik asidin en fazla bulundugu belirlendi. Bu
calismada, MEHP ve WEHP'in etkili antioksidan etkiye sahip oldugunu
ve a-Gly, AChE ve CA II enzimlerini etkili bir sekilde inhibe ettigi
gozlendi. Elde edilen bulgular, geleneksel tipta uzun siiredir kullanilan
Helichrysum turlerinin antioksidan ve enzim inhibisyon potansiyelini
acik bir sekilde ortaya koymaktadir. Bu c¢alismada kullanilan
Helichrysum plicatum ekstreleri global ve yaygin birer hastalik olan
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INTRODUCTION

Helichrysum genus (Asteraceae), a Mediterranean
region plant, has more than 600 species (Kherbache
et al., 2020). Helichrysum species are known by
names such as immortelle, everlasting flower in
Europe, and “altin otu, &6lmez ¢i¢cek” in Turkiye
(Miloglu et al., 2023). When the botanical
characteristics of H. plicatum subsp. pseudopliacatum
are examined, it is seen that it is generally hairless,
straight stem, narrow linear leaves and small
capitula (4-6 pieces). Compared to H. plicatum subsp.
it has denser indumentum, slightly more curved
stems, wider leaves and larger capitula (6-8 mm).
Except for the difference in color, the taxa are clearly
indistinguishable, there are intermediate forms with
yellow capitula (Davis & Kupicha, 1975).
Helichrysum plicatum is traditionally used in the
treatment of diseases such as heart, liver and kidney
diseases, kidney stone, jaundice, cough, stomach and
head AChE, high blood pressure, hemorrhoids,
diarrhea, hair care complaints (growth, loss). The
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plant has also wound healing properties (Miloglu et
al., 2023). It is generally used for infusion, decoction
and soaking in oil or milk (Kazanc: et al., 2020). In
biological effect studies on Helichrysum species,
antimicrobial (Smirnov et al., 1982), antioxidant
(Tepe et al., 2004), antidiabetic (Aslan et al., 2007),
antihyperlipidemia (Farris et al,, 2017),
hepatoprotective (Pljevljakusic et al., 2018), and
kidney stone-reducing effects (Bayir et al., 2011) have
been reported. Helichrysum species contain phenolic
acids (Carini et al., 2001), flavonoid derivative
compounds (Albayrak, et al., 2010a), steroidal
compounds (Aydin, 2020), chalcones (Al-Rehaily et al.,
2008), sesquiterpenes (Benelli et al., 2018), coumarin
and pyrones (Pljevljakusic et al, 2018 and
phloroglucinol (Popoola et al., 2015) derivatives.

Medicinal plants have antioxidant capability with
their reducing, free radical scavenging and quenching
the formation of singlet oxygen. These properties are
due to phenolic substances, also known as secondary
compounds, in their structure (Guven et al., 2022).
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Oxidative stress is a result of an imbalance between
reactive oxygen species (ROS) and antioxidant
defenses (Gulcin 2020). ROS causes cell and DNA
damage and is linked to neurodegenerative diseases.
Phenolic compounds in plants protect cells against
the harmful effects of ROS by donating electrons,
chelating metal ions and stimulating antioxidant
enzymes (Sezer Senol et al.,, 2016; Durmaz et al.,
2022). Antioxidants are substances that have a
protective role in food and pharmaceutical products
against  oxidative  degradation and  against
pathological processes mediated by oxidative stress in
the body (Gulcin 2020). According to some studies,
plants with antioxidant effects are suitable for the
treatment of Alzheimer's disease, diabetes mellitus,
and glaucoma. Some of the drugs used in such
diseases act inhibition effects on some metabolic
enzymes such as AChE, a-Gly, and CA II. In addition,
the interest in herbal products is increasing day by

day due to the various side effects of the drugs used in
the treatment (Giiven et al., 2023).

In this study, antioxidant, antidiabetic, anti-
Alzheimer's disease and antiglaucoma properties of
the traditionally used plant H. plicatum subsp.
pseudoplicatum were revealed. The phenolic
compounds that may be responsible for these effects
were determined by LC-MS/MS.

MATERIAL and METHOD
Plant materials

Helichrysum plicatum subsp. pseudopliacatum DC.
was collected by Dr. Leyla Giiven from Erzurum Koésk
village in July 2019 at an altitude of 1950 meters and
identified by Prof. Dr. Yusuf Kaya. The plant sample
is stored at the Biodiversity Application and Research
Center of Atatiirk University Erzurum, Turkey (AEF
1374) (Figure 1).

Figure 1. Helichrysum plicatum subsp. pseudopliacatum
Sekil 1. Helichrysum plicatum subsp. pseudopliacatum

Extraction

To prepare the aerial part of Helichrysum plicatum
subsp. pseudopliacatum methanol extract (MEHP),
500 mL of methanol was added to 20 g of dried and
powdered plant. The mixture was then extracted with
a mechanical stirrer at 40 °C overnight. The mixture
was then filtered and the filtrate was evaporated to
dryness in the rotaryevaporator. In order to prepare
the aerial part of Helichrysum plicatum subsp.
pseudopliacatum water extract (WEHP), 20 g of
powdered plant was poured with boiling water at 100
°C and extracted with a mixer at 50 °C for 4 hours
and filtered while hot. The separated filtrate was
evaporated to dryness in a lyophilizer. The obtained
extracts were stored at -18 °C until the day of the
experiment. The yield of methanol and water extracts

503

were found respectively as 27.02 % and 20.53%

Liquid chromatography-electrospray tandem mass
spectrometry (LC-MS /MS) Method

Phenolic compound analyzes were determined
according to the method of Giiven et al. (2023).
Standard stock preparation process, validation study,
quality control solutions and chromatography/mass
spectroscopy conditions for phenolic compounds are
explained in detail in the study of Giiven et al. (2023).
Liquid chromatography coupled to mass spectrometer
(LC-MS/MS) is used in the analysis of phenolic
compounds. Agilent Technologies 1290 Infinity LC
system (Palo Alto, USA) with an autosampler (Agilent
1260 Infinity G1329B ALS), dual pump (Agilent 1260
Infinity G1312B (600 bar), degasser (Agilent 1260
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Infinity G4225A HiP), and thermostated column
(Agilent 1290 Infinity TCC G1316C) was used for the
liquid chromatography component. On a Zorbax SB-
C18 column with dimensions of 3.5 m, 100 mm 4.6
mm, kept at 30°C, the phenolic compounds were
separated. By gradient elution of a mobile phase
combination consisting of water with (A) 0.1% formic
acid and (B) acetonitrile with 0.1% formic acid, the
phenolic compounds were separated by
chromatography.

An Agilent 6460 mass spectrometer (Palo Alto, USA)
with an electrospray ionization (ESI) source was used
for the mass spectrometric detection. The nebulizing
gas (N2) pressure was 55 psi; the capillary voltage
was 3.5 kV in negative mode; the drying gas (N2)
temperature and flow were 350°C and 12 L min’,
respectively. To each quadrupole, a resolution of one
unit was applied. To improve the MRM conditions,
flow injections of each particular chemical were
employed. The Agilent MassHunter Workstation
(Agilent) software performed this automatically for
the majority of metabolites, although the ideal cone
voltages and collision energies for select compounds
were found during collision-induced dissociation
(CID) studies and manually configured. The
minimum dwell period for each MRM transition was
25 milliseconds.

Reducing potentials

The Fe3* reducing capacity method of Helichrysum
extracts was developed by Oyaizu (1986) as described
in detail (Gulcin, 2020). In this method, reducing
activity was detected by the straight reduction of
Fe3*(CN-)s. Then, addition of excess ferric ions (Fe3+)
resulted the formation of the Perl’s Prussian blue
complex. For this purpose, 0.75 mL Helichrysum
extracts, which including different concentrations of
the (15-45 pg mL1) were added with KsFe(CN)s (1 %,
1.25 mL) and buffer (1.25 mL, 0.2 M, pH 6.6)
solutions. Then, the mixture was incubated at 50°C
for half hour. Then, 1.25 mL of trichloroacetic acid
(TCA, 10 %) and FeCls (0.5 mL, 0.1 %) was added to
the mixture and the absorbance was read at 700 nm
(Kiziltas et al., 2021).

Cu?* reducing capacity (CUPRAC) of Helichrysum
extracts was determined according to Giil¢in’s method
(2008). In this method, neocuproine was used as a
chromogenic oxidizing agent. Firstly, acetate buffer
(1.0 M), CuCl: solution (10 mM), and neocuproine
solution (7.5 mM) were added to each tube, as 1 mL
and each tube were vortexed. The concentrations of
the all samples were between 15-45 pg mLland were
added to tubes. The volumes of those tubes were
completed to 4 mL with distilled water. The samples
were kept at 25 °C for half hour. The absorbance was
measured at 450 nm. The increased absorbance was
defined as a rate of reducing ability (Apak et al.,
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2022; Ak & Giilgin, 2008; Kocyigit et al., 2022).

Reduction method of TPTZ-Fe3* complex of
Helichrysum extracts, also known as FRAP method.
FRAP method is based on reduction of TPTZ-Fe3*
complex at acidic conditions. For this purpose, fresh
TPTZ solution (10 mM) was prepared and mixed to
buffer solution (pH 3.6, 0.3 M) and 20 mM FeCls
solution in water. Different concentrations (15-45 pg
mL1) of Helichrysum extracts were dissolved in 5 mL
of appropriate buffer, stirred and left at 37°C for half
hour. Finally, the absorbances were recorded at 593
nm (Gocer and Giilcin 2011).

Radical scavenging activities

The DPPH radical scavenging capacity of
Helichrysum extracts was determined by modifying
the Blois method (1958) as given in a previous study
(Gulcin & Alwasel, 2023). The method is rest on the
removal of DPPH free radicals through antioxidants.
The concentration of both extracts and standards
were prepared as 15-45 ng mL1. 1 mL of DPPH" (0.1
mM) was added to tubes of each sample. These tubes
were left in the dark at 25 °C for 30 min. The
measurements were made at 517 nm. The potentials
of samples on DPPH" were determined and compared
to the standards. In the end, ICso values of all
samples were calculated. The reduction in absorbance
shows the DPPH free radical scavenging of samples
capability.

The determination of DMPD* radical scavenging
activity was made according to the method of
Fogliona et al (1999). For this aim, 0.2 mL of 0.05 M
FeCls and 1 mL of DMPD solution were added to of
buffer (100 mL, pH 5.3, 100 mM). The concentrations
of the all samples were prepared as 15-45 pg mLt.
The total volume was adjusted to 0.5 mL by water. An
aliquot (1 mL) of DMPD"+ solution was transferred
and absorbance was recorded at 505 nm after
incubation for an hour (Giilgin et al., 2010).

As the last radical scavenging technique, the ABTS*
free radical scavenging capacity of Helichrysum
extracts was developed and applied according to the
method of Re et al. (1999) as give priorly Kése et al.
(2015). According to this assay firstly, ABTS radical
cation was generated. Thus, ABTS (7.0 mM) and
K2S20s (2.45 mM) were reacted. Before measurement,
absorbance of the solution was adjusted to
0.750+0.025 at 734 nm with buffer solution (pH 7.4,
0.1 M). Then, to 1 mL of ABTS"* solution, 3 mL
solution of Helichrysum extracts at different
concentrations (15-45 pg mL1) was added. After half
hour, the percent inhibition of ABTS*+ at 734 nm was
measured for all samples. The reduction in
absorbance shows the ABTS * free radical scavenging
of samples capability.
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In addition, the Fe2+ chelating effect of Helichrysum
extracts was performed by modifying the method
described by Re et al. (1999) as given in a recent
study (Gulcin & Alwasel, 2022). Different
concentrations (15-45 pg mL?1) of Helichrysum
extracts and standard compounds were transferred to
0.125 mL FeSOs4 (2 mM) solution. Then 0.5 mL of
Tris-HCI solution (pH 7.4) is added and incubated for
30 minutes. Then, 0.75 mL of 0.2% bipyridyl solution
dissolved in HCI (0.2 M), 0.125 mL of ethanol, and
0.595 mL of water are added to the mixture,
respectively, and incubated for 15 minutes. Ethanol
was used as a blank and absorbances were measured
at 522 nm (Cetinkaya et al., 2012).

Determination of total soluble phenolic and flavonoid
contents

MEHP and WEHP (0.5 mL) were added to 1.0 mL of
Folin—Ciocalteu reagent (Singleton and Rossi, 1999)
as described in detail in Kiziltas et al. (2021).
Afterward, carbonate (0.5 mL, 1%) was added and the
mixture was stirred vigorously. Absorbance was
measured at 760 nm against a water-containing
blank sample after 2 h of incubation in the dark at
room temperature. The quantity of phenol in one
gram of Helichrysum extracts was calculated as mg of
gallic acid equivalents (GAE).

The total flavonoid contents were determined using
the aluminum chloride (AICls) technique (Kiziltas et
al. 2021) Briefly, 0.5 mL of the Helichrysum extract
solutions were combined with 1.5 mL of 95%
methanol, 1.5 mL of 10% AlCls;, 0.5 mL of 1.0 M
potassium acetate solution, and 2.3 mL of distilled
deionized water. The absorbance was measured at
415 nm after incubation in the dark (25 °C, 40 min).
Water was used as the blank sample. The total
amount of flavonoids was calculated as mg quercetin
equivalents (QE) g! of Helichrysum extracts

Enzym inhibitory capacity assays

The inhibitory capacity of Helichrysum extracts
against AChE was analyzed according to the Ellman’s
method (1961). Acetylthiocholine iodide were used as
substrates. AChE ability was designated using 5,5'-
dithiobis (2-nitrobenzoic) acid (DTNB). The solutions
(50—200 pL) and the buffer solution (100 uL, pH 8.0,
Tris-HCI, 1.0 M) were mixed to with AChE enzyme
solution. After this step, the mixture was waited at
20°C for 10 min. Then, 50 pL. substrate and DTNB
and were added to the mixtures and finally, the
activity was measured at 412 nm (Gulcin et al., 2019,
Karagecili et al., 2023)

The inhibitory effect of Helichrysum extracts on a
glycosidase enzyme inhibitory effect were tested using
a prnitrophenyl-D-glycopyranoside (pNPG) substrate
(Tao et al., 2013). First, 40 uL of the sample solution
was mixed with 200 pL phosphate buffer (0.15
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EU/mL, pH 7.4). Furthermore, after preincubation, 50
pL p-NPG in phosphate buffer (5 mM, pH 7.4) was
added and incubated again at 30 °C. Absorbance was
measured spectrophotometrically at 405 nm according
to previous studies. (Giilcin et al., 2022; Ozaslan et
al., 2022).

The CA II isoenzyme was purified from human
erythrocytes using Sepharose-4B-L-Tyrosine
sulphonamides affinity column chromatography. The
erythrocytes were precipitated by centrifugation, the
serum separated and the pH of the serum was then
adjusted to 8.7 with solid Tris. The prepared sample
was then placed in the affinity chromatography
column and subjected to equilibration with Tris-
Na2SO4/HCI (pH 8.7, 22 mM/25 mM). The enzyme CA
II was subjected to a washing procedure with a
solution containing sodium acetate/NaClO4. The pH of
the solution was adjusted to 5.6 and the temperature
was maintained at 25°C. Quantification of the protein
content was performed during the purification test
using the Bradford method (Taslimi & Gulgin, 2018;
Senol et al., 2023). The standard protein used in the
study was bovine serum albumin. The purity of CA II
was verified by SDS-PAGE. During the purification
and inhibition of CA II, the esterase activities were
performed by monitoring the variation in absorbance
at 348 nm (Topal & Gulcin, 2014; Huyut et al., 2017;
Bayrak et al., 2019)

Statistical analyses

Statistical analyses were performed in the SPSS 25.0
package program (IBM Corp., Armonk, N.Y., USA).
Descriptive statistical analyses were performed. p
values less than 0.05 at the 95% confidence interval
were considered statistically significant. To examine
the effect of the intervention on the biochemical
parameters, one-way ANOVA and two-way (2x2)
analysis of variance (two way between subjects
ANOVA) tests were used. Two-way (2x2) ANOVA
analysis resulted p values for group differences, for
dose differences, and for interaction of group and
dose. Post-hoc Tukey test was used to analyze
pairwise comparisons.

RESULTS and DISCUSSION

Helichrysum species have attracted the attention of
many researchers due to their use among the public.
The determination of the active substances
responsible for the effect takes an important place in
the researches. There is also a need for scientific
validation, standardization and safety assessment of
herbs used in traditional medicine (Raina et al.,
2008). Phytochemical and analytical studies in
Helichrysum species (Silva et al., 2017) are usually
presented together as was done in this study.

Phenolic compounds are produced as secondary
metabolites in plants and have beneficial properties
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for human health. When consumed regularly for
nutritional or health purposes, they play a positive
role in preventing or treating many diseases (Gulcin
and Beydemir, 2013). Phenolic compounds' effects on
health can be attributed to their antioxidant
properties, which are mediated by different

mechanisms such as the elimination of ROS, the
chelation of some metal ions, and oxidative stress It is
also used in metabolic and neurodegenerative
diseases due to the effects of phenolic compounds on
enzymes (Taslimi et al. 2020).

Table 1. Quantitative screening of phenolic compounds in MEHP and WEHP by LC-MS/MS
Cizelge 1. MEHP ve WEHP'deki fenolik bilesiklerin LC-MS/MS ile kantitatif taranmasi

. M.L F.I Ton. MEHP (ng mL) WEHP(ng mL-
No Analytes RT (m/z)>  (m/z)* mode D)
1 Quinic acid 2.36 190.9 85.0 Neg 21648.41 5862.96
2 Fumaric acid 3.86 114.9 71.1 Neg 2287.01 695.18
3 Gallic acid 5.48 168.9 79.0 Neg 1.17 NDd
4 Pyrogallol 6.16 124.9 96.6 Neg ND ND
5 Chlorogenic acid 10.71  352.9 190.9 Neg 30064.34 16801.47
6 Catechin 10.94 289.1 2449 Neg ND ND
7 Peonidin-3- O-glucoside 11.02 460.9 298.8 Neg ND 5.98
8 4-OH-benzoic acid 11.25 137.0 93.1 Neg 37.58 ND
9 Epicatechin 11.36  289.0 2449 Neg ND ND
10 Caffeic acid 11.46 178.8 134.8 Neg 189.62 ND
11 Keracyanin chloride 11.56 592.8 284.7 Neg ND 118.74
12 Vanillic acid 11.57 166.9 151.9 Neg ND ND
13 Syringic acid 11.58 169.9 122.8 Neg ND ND
14 Epigallocatechin gallate 11.66 456.8 304.9 Neg ND ND
15 Naringin 11.86 579.0 270.8 Neg ND 764.94
16 Ellagic acid 11.97 300.8 283.4 Neg ND ND
17 Hesperidin 11.98 609.0 300.9 Neg ND ND
18 Cyanidin-3- O-glucoside 12.04 447.1 283.8 Neg 29898.66 31474.77
19 Vitexin 12.11  430.9 310.9 Neg ND ND
20 pCoumaric acid 12.22 163.0 1189 Neg 71.76 ND
21 Sinapic acid 12.34 222.8 163.9 Neg ND ND
22 Taxifolin 12.36  302.9 124.7 Neg ND ND
23 Rosmarinic acid 12.49 358.8 160.8 Neg 48.17 370.98
24 Ferulic acid 12.50 193.0 134.0 Neg ND ND
25 Vanillin 12.59 151.0 135.8 Neg ND ND
26 Myricetin 12.71 316.9 150.9 Neg ND ND
27 Resveratrol 13.11  226.8 184.8 Neg ND ND
28 Luteolin 13.29 284.9 132.9 Neg 1114.82 68.50
29 Quercetin 13.38 300,9 150.7 Neg 8.82 ND
30 Apigenin 13.90 268.9 224.8 Neg 1474.44 135.44
31 Naringenin 13.95 270.9 150.8 Neg 395.12 ND
32 Isorhamnetin 14.10 314.9 299.8 Neg ND 0.19
33 Galangin 15.54 268.9 168.8 Neg ND ND
34 Chrysin 15.72  252.8 208.8 Neg ND ND
35 Curcumin 16.13 366.9 148.9 Neg ND ND

aR.T.: Retention time. ®MI (m/z): Molecular ions of the standard analytes (m/z ratio). °FI (m/z)

Detected

The phytochemical compositions of the methanol and
water extracts of the plant H. plicatum subsp.
pseudoplicatum were determined using the previously
validated LC-MS/MS method (Giiven et al., 2023).
Considering Table 1, a total of 35 phenolic compounds
were analyzed in this study, and 13 and 11 phenolic
compounds were detected in WEHP and MEHP
extracts, respectively. Considering the same table, 22
and 24 phenolic compounds could not be determined
in WEHP and MEHP extracts, respectively. As seen
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: Fragment ions, IND: Not

in Table 1, phenolic compounds found in MEHP
extract were in order to follows: Chlorogenic acid
(30064.34 ng mL1), cyanidin-3-O-glycoside (29898.66
ng mL1), quinic acid (21648.41 ng mL1), fumaric acid
(2287.01 ng mL71), apigenin (1474.44 ng mL),
luteolin (1114.82 ng mL1), naringenin (395.12 ng mL-
1), caffeic acid 189.62 (ng mL), p-coumaric acid
(71.76 ng mL1 ), rosmarinic acid (48.17 ng mL ), 4-
OH-benzoic acid (37.58 ng mL1), quercetin (8.82 ng
mL1), and gallic acid (1.17 ng mL1), and as seen in
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the same Table 1 phenolic compounds found in WEHP
extract were in order to follows: Cyanidin-3-0
glucoside (31474.77 ng mL"1), chlorogenic acid
(16801.47 ng mL! ), quinic acid (5862.96 ng mL)
naringin (764.94 ng mL1), fumaric acid (695.18 ng
mL1), rosmarinic acid (370.98 ng mL71), apigenin
(135.44 ng mL1), keracyanin chloride (118.74 ng mL-
1) luteolin (68.50 ng mL7), peonidin-3-O-glucoside
(5.98 ng mL'1) and isorhamnetin (0.19 ng mL1). As a
result of LC-MS/MS analysis, the sum of phenolic and
nonphenolic substances i1s 87239.92 ng mL! in
methanol extract and 56299.16 ng mL! in water
extract (Table 1).

HPLC is generally preferred method for determining
phenolic compounds (Gradinaru et al., 2014).
Helichrysum species include the major compounds
generally chlorogenic acid from phenolic acids and
apigenin derivatives from flavonoids (Albayrak, et al.,
2010a) . The total amount of phenolic acid in the
methanol extract of the plant H. arenarium was
160.17 mg gallic acid equivalent g1 extract
(Gradinaru et al., 2014).

In two separate studies by Albayrak et al. (2010a,
2010b), phenolic compounds of 20 Helichrysum
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species found in Turkey were determined by HPLC.
In 18 plant species, the major compound appears to
be chlorogenic acid (82.3-156.2 pg g! extract),
followed by apigenin-7-glycoside (6.4-127.6 pg g
extract) and apigenin (6.3-44.2 pg g! extract). The
most phenolic compound among these species is H.
plicatum subsp. erzincanicum (340.8 ng g extract),
and the least phenolic content is in H. artvinense
(47.52 pg g1 extract).

The reducing capacity of a compound can be an
important indicator of its potential antioxidant
activity. Antioxidant compounds can donate electrons
to reactive radicals, reducing them to more stable and
unreactive species (Bursal and Kéksal, 2011) The Fe2+
reducing potential of the MEHP and WEHP and the
standard antioxidants BHT (Butylated
hydroxytoluene), BHA (Butylated hydroxyanisole),
Trolox and aTocopherol was determined at the
concentrations (15-45 pg mL7V. At 30 pg mL!
concentration the absorbance values of extracts and
standards at 700 nm were as follows: BHT (2.018) >
a-Tocopherol (1.895) > Trolox (1.545) > BHA (1.257) >
MEHP (0.555) > WEHP (0.495), as depicted in Figure
2, 3 and Table 2.
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Figure 2. Multiple reaction monitoring chromatograms of MEHP (A), and WEHP (B), analyzed by LC-MS/MS

method.

Sekil 2. LC-MS/MS yontemiyle analiz edilen MEHP (A) ve WEHP (B)nin ¢oklu reaksiyon izleme

kromatogramlari.
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Figure 3. A. Fe3* reducing, B. Cu?* reducing and C. Fe3*-TPTZ reducing capacities of MEHP, WEHP and
standards.
Sekil 3. MEHP, WEHP ve standartlarin A. Fe3* indirgeme, B. Cu?* indirgeme ve C. Fe3*-TPTZ indirgeme

kapasiteleri

Table 2. Fe3+ and Cu2* ions reduction capacities of extracts MEHP, WEHP) and positive controls at different
concentrations and with different methods
Cizelge 2. Ekstrelerin (MEHP, WEHP) ve pozitif kontrollerin farkli konsantrasyonlarda ve farkli yéntemlerle
Fe3* ve Cu?* iyonlarini indirgeme kapasiteleri

Antioxidants Fe3* reducing ability

15 pg mL! 30 pg ml! 45 pg ml! r?
BHA 1.146+0.05 1.257+0.09 1.476+0.06 0.9523
BHT 1.912+0.02 2.018+0.03 2.160+0.07 0.9466
aTocopherol 1.860+0.01 1.895+0.01 1.89940.01 0.9402
Trolox 1.039+0.03 1.545+0.02 2.033+0.02 0.9966
MEHP 0.339+0.02a¢ 0.555+0.012c 0.799+0.012c 0.9968
WEHP 0.335+0.01bd 0.495+0.01bde 0.668+0.01bde 0.9930

Cu2* reducing (CUPRAC) ability

15 pg mL! 30 pg mL! 45 pg ml! r?
BHA 2.513+0.02 2.912+0.16 2.969+0.11 0.9742
BHT 1.135+0.05 1.800+0.01 2.473+0.02 0.9969
aTocopherol 0.626+0.02 1.139+0.09 1.831+0.05 0.9967
Trolox 1.194+0.05 2.323+0.05 2.672+0.05 0.9980
MEHP 0.192+0.02a¢ 0.402+0.012c 0.636+0.012c 0.9936
WEHP 0.160+0.02bde 0.315+0.01bde 0.467+0.03bde 0.9990

Fe3+-TPTZ reducing (FRAP) ability

15 pg mL?! 30 pg mL! 45 pg mL? r?
BHA 0.494+0.06 0.884+0.12 1.111+0.07 0.9899
BHT 1.936+0.08 2.089+0.03 2.146+0.01 0.9581
aTocopherol 1.696+0.07 1.995+0.02 2.052+0.02 0.9807
Trolox 1.084+0.02 1.755+0.09 2.051+0.08 0.9990
MEHP 0.400+0.012c 0.577+0.02ac 0.811+0.042c 0.9926
WEHP 0.265+0.0] bde 0.367+0.0]bde 0.613+0.01bde 0.9479

abede show significant differences (p<0.05) in post-hoc comparisons between different groups. @ MEHP vs. a
Tocopherol, ¥ WEHP vs. a-Tocopherol, ¢ MEHP vs. Trolox, ® WEHP vs. Trolox, © MEHP vs. WEHP

on the concentrations used. As the concentration
increased, the capacity of both extracts to reduce
copper ions also increased. The copper ions reduction
capacities of the standards and extracts (MEHP and

The measurement of the reducing capacity of cupric
ions (Cu2?*) was conducted at various concentrations
(15-45 pg mL1) of MEHP and WEHP. The capacity of
the extracts to reduce copper ions varied depending
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WEHP) at 450 nm and at 30 pg mL! concentration
were as follows, respectively: BHT (2.912) > Trolox
(2.323) > BHA (1.800) > a-Tocopherol (1.139) > MEHP
(0.402) > WEHP (0.315), as shown in Figure 3 and
Table 2. Ferric ions (Fe3*) reduction capacity of the
standards and extracts (MEHP and WEHP) was
measured spectrophotometrically at 593 nm and the
ferric ions (Fe3*) reduction capacity at 30 pg mL1

concentration was found as follows, respectively: BHT
(2.089)> a-Tocopherol (1.995)> Trolox (1.755)> BHA
(0.884)> MEHP (0.577)> WEHP (0.286) and the
results were given in Figure 3 and Table 2. The
effects of dose (15, 30, 45 pg mL1), groups
(antioxidants), and dosexgroup interaction were
examined by Two-Way ANOVA test (Table 3).

Table 3. The effects of dose, group, and dosexgroup interaction (p)
Cizelge 3. Doz, grup ve dozxgrup etkilesiminin etkileri (p)

Two-Way ANOVA test

One-Way ANOVA post-hoc test

Doses

Dose 1(15pug  Dose 1 (15 ng mL-

. Groups ) GroupxDose > Dose 2 (30 ug mL1) vs
Reducing assays (Antioxidants) (5 451)11 g mlL interaction ;n (I;;(;):gs xzis'le) Dvs ij;_?) (45 g Dose 3 (45 pg mLY)
Fe3* reducing <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
CUPRAC <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
FRAP <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

p values were reported for two-way (2 x 2) ANOVA analysis tests statistics for group, dose, and groupxdose
interaction; p values were reported for post-hoc Tukey test after One-Way ANOVA test for pairwise comparisons

of different doses

Due to the negative functions played by free radicals
in dietary and biological systems, radical scavenging
activity is crucial. The oxidation of lipids in food is
accelerated and the quality is decreased by excessive
free radical generation (Bursal et al. 2013). There was
a positive correlation between the concentration of
Helichrysum extracts and their efficacy in scavenging
DPPH radicals. The ranking of ICso values for DPPH
scavenging activity of the MEHP, WEHP and
standard antioxidants was determined to be as
follows: a-Tocopherol (5.92 pg mL1) < BHA (9.0 pg
mL1) < Trolox (9.63 ng mL1) < BHT (21.0 pg mL1) <
MEHP (40.77 pg mL1) < WEHP (49.51 pg mL1), and
the results were given in Figure 4 and Table 4. In a
study of the DPPH analysis of the 20 Helichrysum
extracts, the ICs0 values are between 53.10-7.95 pg
mL1 (Albayrak et al., 2010a, 2010b). The scavenging
activity of the MEHP, WEHP towards DMPD radicals
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exhibited a direct proportionality to the concentration
increment. The ranking of ICso values for DMPD
scavenging activity of the MEHP, WEHP and
standard antioxidants was determined to be as
follows: Trolox (23.90 pg mL1) < BHA (43.32 pg mL)
< WEHP (77.01pg mL1) < MEHP (99.02 ug mL), as
depicted in Figure 4 and Table 4. ABTS radical
scavenging activity of the extracts varied depending
on the concentrations used. As the concentration of
the extracts increased, the ABTS radical scavenging
activity also increased. The ICso values for the ABTS+
free radical scavenging activity of MEHP, WEHP and
standard antioxidants were presented in order to as:
Trolox (7.71 pg mL'Y) = BHA (7.71 pg mL1) = BHT
(7.71 pg mLY) < a-Tocopherol (8.10 ng mL1) < MEHP
(10.50 pg mLY) < WEHP (17.77 pg mL1) and the
results are given in the relevant table (Figure 4 and
Table 4).
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Figure 4. Radical scavenging effects of MEHP, WEHP, and positive controls. D. DPPH" scavenging capacity, E.
ABTS * scavenging capacity, F. DMPD '+ scavenging capacity, and G. Ferrous chelating activity
Sekil 4. MEHP, WEHP ve pozitif kontrollerin radikal giderme etkileri. D. DPPH" giderme kapasitesi E. ABTS"*
giderme kapasitesi, F. DMPD* giderme kapasitesi ve G. Demir selatlama aktivitesi

Table 4. ICso values (ug mLY) of extracts MEHP, WEHP) and positive controls for DPPH, ABTS"+, and DMPD"+
and metal chelation
Cizelge 4. DPPH', ABTS* ve DMPD'* ve metal selasyonu icin ekstraktlarin (MEHP, WEHP) ve pozitif
kontrollerin ICso0 (ng mL1) degerleri

Antioxidants | DPPH' scavenging = ABTS'+ scavenging DMPD '+ scavenging | Ferrous chelating
ICso r2 ICs0 r2 ICs0 r2 ICs0 2

BHA 9.00 0.9399 7.71 0.9330 43.32 0.9993 - -

BHT 21.00 0.9668 7.71 0.9330 - - 21.66 0.9908

aTocopherol 5.92 0.9770 8.10 0.9550 - - - -

Trolox 9.63 0.9947 7.71 0.9330 23.90 0.9349

MEHP 40.77 0.9965 10.50 0.9916 99.02 0.9689 - -

WEHP 49.51 0.9999 17.77 0.9984 77.01 0.9510 53.32 0.9606

Total phenolic compound amounts in MEHP and
WEHP were determined using the standard gallic
acid equation (y= 0.002x, r2: 0.9983) and were found
to be 46.00 and 33.50 pg GAE mg?! extract,
respectively. In addition, MEHP and WEHP were
determined to contain 62.13 and 103.93 ug QE mg'!
extract total flavonoids quantities, using the standard
quercetin equation (y=0.0061x r> = 0.9980),
respectively.

In a study by Aslan et al. (2007), the total phenolic
and flavonoid compound amounts of ethanol and
water extracts of H. plicatum were found as 113.5 and
75.9 mg GAE g1 extract and 50.9 and 31.5 QE g1
extract respectively. In a study, it has been stated
that Helichrysum species (H. arenarium subsp.
erzincanicum, H. arenarium subsp. rubicundum, H.
armenium subsp. araxinum, H. plicatum subsp.
pseudoplicatum) collected from FEastern Anatolia
show strong antioxidant and radical scavenging
activities. The study showed that H. arenarium
subsp. erzincanicum had the highest level of free
radical scavenging activity with an ICso value of 23.03
pg ml L It has been reported at the same study that
the total phenolic contents of the extracts ranged
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between 71.81-144.50 mg gallic acid g?! extract
(Albayrak, et al., 2010b).

In the ferrous chelating activity experiment, only
BHT from the standards and WEHP from the extracts
reacted. This may be caused by different phenolic
substances in the plant extract (Table 4). The
inhibition effects of MEHP, WEHP extracts and
acarbose, tacrine and acetazolamide used as standard
controls against a-glycosidase, acetylcholinesterase
and carbonic anhydrase II enzymes are shown in
Table 5. In general, methanol extracts have a better
inhibition ability than water extracts. However,
chemical substances used as standard also have a
better inhibitory effect than extracts. The inhibition
effects of MEHP and WEHP extracts, and standards
(acarbose, tacrine and acetazolamide) against a-
glycosidase, acetylcholinesterase (AChE) and carbonic
anhydrase II (CA II) enzymes are summarized at the
Table 5. In general, the methanol extracts exhibited
strong inhibition effect against enzymes compared to
water extracts. Against CA II and AChE enzymes,
acetazolamide and tacrine were found powerful
inhibitors, respectively. As expected, both drugs were
determined to be much stronger inhibitors compared
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with the extracts. The inhibition capacities of MEHP
and WEHP extracts at different doses (1-6 pg mL)
against a-glycosidase enzyme were determined. The
1Cs0 values of MEHP and WEHP extracts against a-
glycosidase enzyme were found as 2.39 and 2.97 pg
mL 1, respectively (Table 5).

There are many methods to prevent diabetes. Thanks
to the phenolic and non-phenolic compounds found in
plants, it has positive effects on diabetes with its
enzyme inhibiting effects. Inhibition of digestive
enzymes may delay carbohydrate absorption in
diabetic patients (Karagecili et al. 2023). H. plicatum
subsp. plicatum was reported to have significant
antihyperglycemic effect in diabetic rats (Aslan et al.,
2007). In a study, the a-glycosidase enzyme inhibitory
effects of H. graveolens and H. plicatum subsp
pseudoplicatum alcohol and water extract flowers
were tested the ICso values were determined as 0.71
and 0.86 mg mL1! and 2.2 mg mL! and 5.1 mg mL1,
respectively (Orhan et al., 2014). In this study, ICso
values of MEHP and WEHP extracts were as 2.39 and
2.97 pg mL1, respectively. ICso values of water
extracts are compatible with this study. Current
results show that WEHP extract has an antidiabetic
effect and can be preferred as an antidiabetic agent.
Alzheimer's disease (AD) is currently one of the most

Table 5. 1Cso values of extracts and standard drugs

Cizelge 5. Ekstrelerin ve standart ilaglarin ICs0 degerleri

important global health problems. Inhibiting AChE is
one of the different treatment strategies for AD. By
inhibiting AChE, the acetylcholine level in the
synaptic pathway increases, which causes increased
neural transmission (Tirkan et al. 2020). The
inhibitory effects of different doses of MEHP and
WEHP extracts on the AChE enzyme were examined
and ICso values were calculated. The results showed
that the methanol extract inhibit the AChE enzyme
better than the aqueous extract and the ICso values
were found as 2.48 and 3.59 pg mL1, respectively.
Both extracts also exhibited a strong inhibitory effect
against the AChE enzyme (Table 5). The anti-
Alzheimer’s disease effect of Helichrysum species is
also noted in another study by Silva et al. (2017). In
the AChE inhibition experiment of plant extracts, it
was reported that the flowers had ICso inhibition
values of 260.7 pg mL! and the roots/leaves 654.8 ng
mL1. The inhibitory effect of MEHP and WEHP at
different concentrations (15-45 pg mL1) on the CA II
isozyme was examined and compared with
acetazolamide. ICso values for MEHP and WEHP
were determined as 11.95 pg mL! and 25.67 pg mL!
respectively. The results showed that both extracts
were weaker inhibitors of the CA II enzyme (ICso =
1.85 ng mL1) compared to standard (acetazolamide).

Samples CAIl r2 AChE r2 aGly r2
MEHP 11.95 0.9540 2.48 0.9900 2.39 0.9730
WEHP 25.67 0.9880 3.59 0.9925 2.97 0.9772
Acetazolamide 1.85 0.9825 - - - -
Tacrine - - 1.18 0.9706 -
Acarbose - - - 1.47 0.9922
CONCLUSION Acknowledgments: The authors would like to thank to

With this study, it was shown that the extracts
(MEHP and WEHP) of the aerial parts of H. plicatum
subsp. pseudoplicatum were rich 1n phenolic
compounds. By evaluating the antioxidant,
antidiabetic, anti-Alzheimer’s disease and
antiglaucoma activities, major compounds were
identified as a result of LC-MS/MS, as well as the
remarkable biological activities of the extracts, and it
was explained that they could be the compounds
responsible for the activity. Considering the
promising biological activity of H. plicatum subsp.
pseudoplicatum and its safety with few side effects,
knowledge about the effects of the plant with in vivo
studies should be strengthened in further studies. In
future studies, the potential mechanisms of biological
effects should be explored and it should be clarified
whether the activities are the result of the individual
activity of secondary compounds or the synergistic
effect of all phenolic and non-phenolic compounds as a
whole.
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ABSTRACT

The purpose of this study is to investigate the level of risk factors in
terms of infection source of pathogenic fungi at tanned leather used in
shoe making or unused and used shoes. Samples were taken from shoes
with swaps. Of the 100 samples taken from the shoe-making leather;
pathogenic fungal findings were found in 16(15%) of them, including
Penicillium sp.5(5%), Aspergillus versicolor 3(3%), Fusarium sp.2(2%),
Aspergillus flavus 2(2%), Aspergillus fumigatus 2(2%), Trichophyton
rubrum 1(1%) and Aspergillus niger 1(1%). Besides, in the samples
collected from used leather shoes.; 40 pathogenic fungal growth were
identified from 100 samples collected in total which are Fusarium
sp.7(7%), Rhodotorula sp.7(7%), Candida sp. 6(6%), Penicillium sp.
5(5%), Acremonium sp. 5(5%), Rhizopus sp. 4(4%), Trichophyton rubrum
3(3%), Trichophyton mentagrophytes 1(1%), Epidermophyton floccosum
1(1%) and Chrisosporium keratinophylum 1(%1). As a result of this
research, It was observed that there was a significant difference
between the samples taken from used shoes (40%) and unused shoes
(16%) in terms of the isolation rate of pathogenic and rare pathogenic
yeasts and molds(p<0.05). It has been concluded that the higher fungal
isolation in the shoes used may be due to the use of common items and
environmental factors, and the isolation of fungus from the samples
taken from unused shoes could be due to contamination from the
shoemakers and storage in inappropriate conditions.
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Kullanilan ve Kullamilmayan Ayakkabilardan Patojen Fungus Izolasyonu

OZET

Bu calismanin amaci, kullanilmayan ayakkabi veya ayakkabi
yapiminda kullanilan  tabaklanmis derilerden ve kullanilan
ayakkabilardan alinan érneklerin infeksiyon kaynagi olmasi acisindan
risk seviyesini arastirmaktir. Ornekler ayakkabilardan steril swaplar
ile alinmigtir. Kullanilmayan ayakkabilardan alinan 100 o6rnekte,
5(%5) Penicillium sp. , 3(%3) Aspergillus versicolor, 2(%2) Fusarium sp.,
2(%2) Aspergillus flavus, 2(%2) Aspergillus fumigatus, 1(%1)
Trichophyton rubrum ve 1(%1)Aspergillus niger olmak {izere toplam
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Anahtar Kelimeler

16(%16) fungus bulunmustur. Kullanilan ayakkabilardan alinan 100 Ayakkab1 derisi
ornekte, 7(%7) Fusarium sp., 1(%7) Rhodotorula sp., 6(%) Candida sp., Patojen fungus,
5(%5) Penicillium sp., 5(%5) Acremonium, 4(%4) Rhizopus sp., 3(%3) Gaziantep

Trichophyton rubrum, 1(%1) Trichophyton mentagrophytes, 1(%1)
Epidermophyton floccosum ve 1(%1) Chrysosporium keratinophylum
olmak iizere 40(%40) fungus bulunmustur. Sonuc¢ olarak, patojen ve
nadir patojen olan maya ve kiuflerin izole edilme orani acisindan
kullanilan ayakkabilardan alinan érneklerde (%40) ve kullamilmayan
ayakkabilar (%16) arasinda 6énemli farkin oldugu gézlendi (p<0.05).
Kullanilan ayakkabilarda fungus izolasyonunun daha yiiksek olmasi
kontaminasyon kaynaginin ortak esya kullaniminin ve cevresel
faktorlerin oldugu kullanilmayan ayakkabilardan alinan oérneklerden
mantar izole edilmesi ise ayakkabi yapiminda c¢alisanlardan
kontaminasyon ve uygunsuz sartlarda depolanmasindan dolay1
olabilecegi sonucuna varilmigtir.
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INTRODUCTION dishes. These samples in petri dishes were brought to

Fungus and fungus spores evolve mostly on animals
and plants, on multicellular organisms, in all
environments such as soil and water. Most of the
pathogenic fungi are contaminated by soil and
animals. Fungi which are animal origin have the
potential to infect humans through the use of shoes
and other products made from animal skins. Leathers
that are not well tanned or contaminations after
tanning during the manufacturing and storage stages
can be a source of contamination of pathogenic fungi
(Bauman,2004).

In addition to the visual and aesthetic qualities of the
leather sector, at shoe and clothing sector, during the
layering operations or after tanning processes,
because of various procedures applied, sometimes
escalating pathogenic fungus cases are encountered
as well as severe consequences.Because fresh leather
contains 60-70% water and containing water-soluble
easily degradable protein is a suitable environment
for microorganisms (Cakmak, 2010).

Fungal diseases are transmitted directly or indirectly
to people and sources of infection, by touching or by
articles and other means contaminated with fungi.
With contamination they can even lead to outbreaks.
The footwears, with the effect of the perspiration,
form suitable microenvironments for the development
and reproduction of fungi (Li et al, 2001). In this
respect, the persons suffering from pathogenic fungal
diseases play a role in infection with their hairs,
bristles, scarves, combs, brushes, clothes, and
slippers, especially with shoes. Barber suits; floors of
washing places;headrests at cinemas, theaters and
automobiles; the seats of the alafranga toilets can also
be the cause of contamination (Bendes, 1997; Oztiirk,
1999).

The purpose of this study is to investigate the level of
risk factors in terms of the sources of contamination
of pathogenic fungi of tanned leather used in shoe
making, unused shoes and used shoes.

MATERIAL and METHOD
Collection of Leather Samples from Manufacturers

Examples of unused shoe examples, leather shoes
parts to be used in shoe making or unused shoes are
taken with the permission of the business authorities
of shoe producers which are located in Gaziantep's
central district Sehitkamil GATEM. In the
manufacturing center, 100 pieces of samples from 10
different shoe companies were cut into pieces of 1 cm
in diameter by cutting method and placed in petri
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the Microbiology Laboratory of Kahramanmaras
Sutcu Imam University Science and Literature
Faculty. 100 samples were placed in test tubes filled
with pre-prepared physiological water (45 ml isotonic
salt solution). 100 swab samples were taken from the
used leather shoes. These samples were taken from
the mosques in the central districts of Gaziantep,
from the wuniversity student dormitories, from
shopping centers, from coffee houses and from the
leather shoes of the random adults. Samples were
placed in sterile isotonic salt solution and brought to
Kahramanmaras Siitgi Imam University Faculty of
Science and Literature Microbiology Laboratory.

Culture and Identification of Samples

In the case of used shoes, samples were taken from
the public life centers such as university student
dormitories, shopping malls, coffee shops, mosques in
the central districts of Gaziantep, the samples were
taken from the leather shoes of the random volunteer
adults by using by swab method. Samples were placed
in sterile isotonic salt solution in test tubes. Samples
taken to the Microbiology Laboratory were seeded on
Sabouraud Dextrose Agar and Potato Dextrose Agar
media. Identifications of the fungi that reproduce in
culture are done (Oztirk, 1999).

From the samples suspended in the isotonic solution,
1 ml of the cultures were prepared. Specimens and
genus levels of the specimens which were reproduced
after the incubation were defined. Macroscopically,
colony morphology and color formation were
microscopically identified by lam cultures and sports
and hyphae structures (Larone, 2002). The statistical
calculation was made according to the Z test because
the number of samples is more than 30.

RESULTS and DISCUSSION

100 samples were taken from 10 different
manufacturing companies for the study of pathogen
fungal isolation from unused shoe cultivars. After the
identification procedures required, 16(16%) of the 100
samples were found to be pathogenic fungus. The
results of the described types of pathogenic fungi are
shown at Table 1.

According to the identification results of isolated
pathogenic fungi species; Penicillium sp. 5(5%), A.
versicolor 3(3%), A. flavus 2(2%), A. fumigatus 2(2%),
Fusarium sp 2(2%), T. rubrum 1(1%) and A. niger
1(1%) have occurred.

From the leathers taken from 10 manufacturing
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companies which are located in Sehitkamil,
Gaziantep central province where the leather is used
in the production of leather shoes, while at 8
companies pathogenic fungi were seen, no pathogenic
fungus was detected at the leather samples that are
taken from 2 companies.

Table 1. Fungi isolated from unused shoe
leathers.

Cizelge 1.  Kullanilmayan ayakkabilardan fungus
1zolasyonu

Isolated Fungi n (%)

Penicillium sp. 5 (5)

A. versicolor 3(3)

A. fumigatus 2(2)

Fusarium sp. 2(2)

A. flavus 2(2)

T. rubrum 1(1

Aspergillus niger 1(1)

Total 16 16)

The samples taken from volunteers were recorded.
Breeding was observed in 35 cultures from these 100
samples. A total of 40(40%) pathogenic and potential
pathogen or opportunistic pathogenic fungi were
found to be the result of identification studies of
cultured cultures. As a result of identification studies
of cultures seen in reproduction, a total of 40(40%)
pathogenic and opportunistic pathogenic fungi were
found (Table 1,2).

When the data were analyzed, 40(40%) of the 100
samples taken by swab and slice methods from the
shoes of adults, a total of 38 pathogenic fungi were
isolated. The most isolated fungi were Fusarium sp.
7(7%) and Rhodotorula sp. 7(7%), then Candida sp.
6(6%), Penicillium sp. 5(6%), Acremonium sp. 5(56%),
Rhizopus sp. 44%), T. rubrum 3(3%), T
mentagrophytes 1(1%), E. floccosum 1(1%) and
Chrisosporium keratinophylum (C. keratinophylum)
1(1%) were found respectively (Table 2, Figure 1,2).

Table 2. Fungi isolated used shoe leathers.
Cizelge 2. Kullanilan  ayakkabilardan  fungus
1zolasyonu

Isolated Fungi n (%)
Rhodotorula sp. 7(7)
Fusarium sp. 7(7)
Candida sp. 6 (6)
Penicillium sp. 5 (5)
Acremonium sp 5 (5)
Rhizopus sp. 4 (4)
T. rubrum 3(3)
T. mentagrophytes 1 (1)
E. floccosum 1(D
C. keratinophylum 1(1)
Total 40 (40)
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Fungal infections contaminate from soil, animals and
sharing of common goods. One of the most important
contamination sources are shoes (Oztirk, 1999;
Ocak,2010). Fungus can survive on foot and in other
parts of the body without normally having a disease.
Fungus with tinea pedis effect on the feet multiply
rapidly in appropriate environment conditions during
the use of the shoes and cause infections. In addition,
foot fungal infections can be rapidly passed from
person to person with direct contact or with the use of
the same footwear (Ocak, 2010.)

Figure 1. Microscopic view of A. fumigatus.
Sekil 1. A. fumigatus un mikroskop goriintiisti

Figure 2. Microscopic view of Fusarium sp. spores.
Sekil 2. Fusrium sp. sporlarinin mikroskop goriintiisti

With the effect of hot climatic conditions, some parts
of the human body create a more suitable
environment for the development and transmission of
fungi.The use of common goods and places can lead to
the formation of many mycoses in the form of an
epidemic. At one of the studies about this; of the 1524
workers in the glass factory, 388 began to complain of
redness and pruritus in their groin after they started
working, even though they had no complaints before
they started working at the factory. Of the samples
taken from these workers, 39 were considered positive
for hyphe and yeast. As a result of evaluation of the
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cultures obtained from the samples, was observed in
7 samples and Candida sp. in 20 samples; in addition,
fungi such as Penicillium, Fusarium, Rhizopus and
Mucor, which are not pathogenic in most cases in
humans have been defined (Soejon et al, 1982).

Koktiirk and his colleagues, at their work of isolation
of dermatophytes from tinea pedis cases, isolated
77.1% T. rubrum, 9.7% 7T. mentagrophytes, 4.8% FE.
foccosum and 1.6% 7T violaceum (Koktiirk et al,
2002).

Bilgili and their colleagues have isolated 22%
rubrum, 22.8% T. mentagrophtes and 1.69%
floccosum in tinea pedis cases (Bilgili et al, 2001).

In the study performed by Asci, 15.42% of 7. rubrum,
5.23% of 7. mentagrophytes, 7.16% of Candida
sp.have isolated from tinea pedis lesions (Asc1, 1992).

T.
L.

In the work done by Doherty, from the chrome-tanned
leather, Rhodotorula mucilagenous, Neurospora
sitophila and Fusarium sp. were isolated. In the work
of Kallenberger, Rhodotorula, Cladosporium and
Torulopsis sp.have been identified (Birbir et al, 1992).

At the Kallenberger work, Rhodotorula and
Cladosporium; at the Birbir and friends work,
Candida sp., Penicillium sp., Mucor, Fusarium,
Rhizopus, Rhodotorula sp. fungi species and genera
isolated from the collected samples resembles the
species and genus of the mold and yeast fungus we
isolated (Birbir et al, 1992).

Li and his colleagues have 1isolated Cryptococcus
neoformans (C. neoformans), 1 Candida albicans (C.
albicans), 1 Cryptococcus albidus (C. albidus), 1
Rhodotorula mucilaginosa (B, mucilaginosa), 1
Candida utilis (C. utilis), 2 Mucor, 3 Aspergillus, 2
Penicillium in the children’s shoes (Li et al, 2001).

At the work done by Birbir and his friends, from
tanned leather and new shoes, from a total of 63
samples a total of 20 species of fungi, which are 13
Candida sp., 2 Rhodotorula, 1 Saccharomyces
cerevisiae (S. cerevisiae), 1 Phaeococcomyces species,
1 Aureobasidium pullulans (A. pullulans), 1
Geotrichum candidum (G. candidum) and 1 Wallemia
sebi, have been isolated. From the used shoes
leathers; a total of 16 fungi species, which are 8
Candida sp., 4 Rhodotorula sp, 3 S. cerevisiae and 1
Phaeococcomyces species, have been identified. In this
work in the samples taken from the feet of the
wearers of the shoes in total of 15 fungi, which are 8
Candida sp., 4 Rhodotorula sp, 3 S. cerevisiae and 1
Phaeococcomyces sp, were isolated. As a result in this
study, among fungi samples taken from the unused
shoes, the used shoes and the feet of the wearers of
the shoes, there is a clear correlation among the
isolated fungi. According to this correlation, it has
been suggested that the shoes that are produced from
leather may be a major source of contamination of the
infection of yeast fungi in humans (Birbir et al, 1992).
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In this work, from 100 samples taken from unused
shoe leathers, rarely pathogenic Penicillium sp.
5(56%), A. versicolor 3(3%), Fusarium sp. 2(2%), A.
favus 22%), A. fumigatus 2 (2%), A. niger 1(1%), T.
rubrum 1(1%), which is a direct pathogen, a total of
16(16%) fungi were isolated.

From the 100 swabs taken from the used shoes, 6(6%)
Candida sp., 3B%) 7T rubrum, 1 (%) T
mentagrophytes, 1(1%) E. floccosum which are
directly  pathogenic  were identified. @ Rarely
pathogenic, 7(7%) Fusarium sp., 7(6%) Rhodotorula
sp., 5(6%) Penicillium sp., 5(5%) Acremonium sp.,
4(4%) Rhizopus sp., 1(1%) C. keratinophylum , in
total 40 (40%) fungi were isolated.

In this work, while the rate of isolation of fungi from
unused shoe leathers 1s 16% the rate at used shoes is
40%.

CONCLUSION

The obtained outcomes for this new footwear (16%)
are comparatively lower than the results reported by
Birbir and his associates for their new shoes (31.74%).
It is noteworthy that in this study, the unused shoes
were sampled solely from the shoe manufacturing
stage, whereas Birbir and his friends collected
samples from both the shoe manufacturing and
storage stages. We posit that this divergence in
sampling methodologies may account for the observed

difference in results.

In this study, it is observed that there is a significant
difference between new and used shoes (P<0.05).
Also, unlike other studies; in addition to the rare
pathogenic yeasts and molds, Penicillium sp. 5(56%), A
versicolor 3(3%), Fusarium sp.7(7%), A. flavus 2(2%),
A. fumigatus 2 (2%), A. niger and direct pathogen 7.
rubrum 3(3%), T\ mentagrophytes (11%), E. floccosum
1(1%) were isolated. Although the tanning process is
very well done, there may be contaminations due to
heavy workmanship in the shoe making process.
During storage process, if the storage conditions are
favorable for the reproduction of the fungus, the
fungus will be also seen in the shoes that are
contaminated. As a result, we think that not taking
sufficient measures to minimize the contaminations
during shoe manufacturing phases and storage
conditions of shoes that are suitable for fungus, are
important sources of contaminations in humans.

In conclusion, tanned leather, unused and used shoes
made from these leathers, which are tought to be one
of the sources of fungal infections, have been
investigated in terms of pathogenic fungal infections.
In terms of the isolation rate of yeast and molds,
which are pathogenic and rare pathogenic, the rate of
isolation with samples taken from new shoes and
from the samples taken from the used shoes is found
to be significant (P<0.05). It is thought that during
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the use of contaminated shoes, it may have increased
the possibility of transmission in appropriate
development conditions.. It is also thought to increase
contamination with feet from other contaminated
sources. In shoes that are contaminated during
production and storage, the use of contaminated
shoes i1s thought to increase human and human-to-
human infection.

Since 16% from samples taken from unused shoes
Isolation of pathogenic fungi is an important risk
factor for the source of transmission.It can be said
that it created.

Therefore, determination of these infectious agents of
pathogenic fungi sources and the identification of
these factors are extremely important in terms of
preventive public health.

Isolation and identification studies of pathogenic
fungi are usually carried out in clinical studies.
Unlike clinical studies it will present important data
to the public health and clinical studies since it is
related to the the prevalence of pathogenic fungi in
terms of source of infection.
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OZET Mikrobiyoloji

Insan ve hayvanlardaki enfeksiyonlarin tedavisinde ve endiistride

cesitli amaglarla yer alan antibiyotiklerin kullaniminin artmasi ¢evresel Aragtirma Makalesi
ortamlarda antibiyotige direncli bakterilerin ve direng¢ genlerinin daha

sik tespit edilmesine neden olmaktadir. Su kenarindaki yerlesim Makale Tarihgesi
yerlerinde atik sular aritma igleminden sonra yakindaki sulara Gelig Tarihi  :07.02.2023
bogaltilmaktadir. Bunun sonucunda, sular patojen ve direncli Kabul Tarihi :06.07.2023
mikroorganizmalarla kirlenerek insan sagligi i¢in buyluk bir tehlike

olusturmaktadir. Bu ¢alismada, Trabzon sehir merkezinden alinan atik Anahtar Kelimeler

su orneklerinden Gram negatif bakteriler izole edilerek antibiyotik Antibiyotik direnci

direng profillerinin belirlenmesi amaclanmigtir. Atik sulardan alinan PZR

ornekler triptik soy agar ve eozin metilen mavisi besiyerlerine ekim
yapilarak tireyen mikroorganizmalar analiz edilmigtir. Calismaya Gram
negatif 36 bakteri izolati dahil edilmistir. Bakterilerdeki direng¢ disk
difizyon yontemi ile arastirilmigtir. Antimikrobiyal direng saptanan
mikroorganizmalar MALDI-TOF MS ve BD Phoenix otomatize
mikrobiyoloji sistemi ile tanmimlanarak otomatize sistem ile direng
profilleri ¢ikarilmigtir. Direncli bakterilerde blasuv, blarem, blaoxa, blactx-
M, integraz 1, integraz 2 ve integron varhigi PZR yontemi ile arastirilarak bu
genlerin aktarim mekanizmalar: transformasyon ve konjugasyon
deneyleri ile incelenmigtir. Ayrica, antibiyotiklere direngli izolatlarda
Genislemis Spektrumlu Beta Laktamaz (GSBL) iiretimi cift disk sinerji
testi ile arastirilmistir. Sonu¢ olarak bu calismada 14 izolatta
antibiyotik direnci oldugu, bir izolatta GSBL ve blaoxa varhg: tespit
edilmigtir. Iki izolatin plazmit tasidizi ve bir izolatin ampisilin
direncinin konjugatif plazmitle, kanamisin direncinin ise konjugatif
olmayan bir plazmitle transforme oldugu belirlenmigtir. Diren¢ tasiyan
baz1 izolatlarda plazmit varhiginin tespit edilmesi; antibiyotik
direncinin atik sularda bulunan bakteriler arasinda yayilabilecegini ve
canlilar izerinde olumsuz etkiler olabilecegini distindirmektedir.

Bakteriyel transformasyon

Antibiotic Resistance Profiles of Gram Negative Bacteria Isolated From Wastewater

ABSTRACT Microbiology

Aims: The use of antibiotics, which have been used in the treatment of

infections, has been increasing. Therefore, the occurrence of antibiotic- Research Article

resistant bacteria and resistance genes, both in infections and in the

environment, is also increasing. In settlements near the water, Article History
wastewater is commonly collected in certain centers and discharged into Received :07.02.2023
nearby waters after treatment. As a result, the waters are polluted with Accepted 106.07.2023
pathogenic and resistant microorganisms, posing a great danger to

human health. In this study, it was aimed at determining the antibiotic Keywords

resistance profiles of Gram-negative bacteria isolated from wastewater
samples taken from Trabzon City Center. Material and methods:
Samples taken from wastewater were inoculated on tryptic soy agar and
eosin methylene blue media to analyze the growing microorganisms.
Thirty-six Gram-negative bacteria were included in the study.
Resistance in bacteria was investigated by the disk diffusion method.

Antibiotic resistance
PCR

Bacterial transformation
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Microorganisms with resistance were identified with the MALDI-TOF
MS and BD Phoenix automated microbiology systems, and resistance
profiles were obtained with the automated systems. The presence of
blaSHV, bIaTEM, blaOXA, blaCTX-M, integrase 1, integrase 2, and
integron in resistant bacteria was investigated by the PCR method, and
the transmission mechanisms of these genes were examined by
transformation and conjugation experiments. In addition, the
production of Extended Spectrum Beta Lactamase (ESBL) in isolates
resistant to antibiotics was investigated by a double-disc synergy test.

Results: As a result, in the current study, antibiotic resistance was
found in 14 of 36 isolates. The presence of ESBL and blaoxa was shown
to be isolated. It was determined that two isolates had plasmids. It was
also shown that ampicillin resistance in one isolate was transformed
with a conjugative plasmid, and kanamycin resistance was transformed
with a non-conjugative plasmid. Conclusions: The detection of the
presence of plasmids in some isolates carrying resistance suggests that
antibiotic resistance may spread among bacteria in wastewater and

may have adverse effects on living things.

Ataf I¢in:

Cora, M., Durukan, I, Ulugam-Atay, G & Kilig, AS (2024). Atik sulardan izole edilen Gram negatif bakterilerin
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GIRIS 2022). Sucul ortamlar, hastane atiklari, endiistriler

Pek c¢ok bakteri tirinin, insanlar antibiyotikleri
uretmeye baslamadan once antibiyotikleri tolere etme
yetenegine sahip oldugu bilinmektedir.
Antibiyotiklerin yakin sayilabilecek bir zaman 6nce
klinik ajanlar olarak piyasaya siiriilmesi, antibiyotik
direncinin evrimini ve antibiyotik direng¢ genlerinin
yatay transferini tetiklemistir. Bu durum bakteriyel
enfeksiyonlar1 Onlemeyi ve tedavi etmeyi giderek
zorlagtirmaktadir ~ (Larsson &  Flach, 2022).
Antibiyotiklerin yanhg kullaniminin yaninda, digk:
kalintilariyla yogun gekilde kirlenmig ylizey sularina
maruz kalinmasi (kirli deniz sularinin yutulmasi gibi)
insan mikrobiyotasinin degiserek antibiyotik direngli
bakterilerin gériilmesine neden olmaktadir (Huemer
ve ark. 2020; Larsson & Flach, 2022). Béylece
insanlar da bir nevi antibiyotik diren¢ genlerinin
kaynagi konumuna gelerek bu direncin atik su
sistemi ile c¢evreye yayilmasina sebep olmaktadir
(Rodriguez-Mozaz ve ark., 2015).

Antibiyotiklerin hem gelismis hem de gelismekte olan
ulkelerde yillardir artan miktarda tiiketilmesi,
nehirler, hastane akintilari, limanlar ve goller gibi
birgok ¢evresel ortamda antibiyotik direngli bakteriler
ve antibiyotik diren¢ genlerinin daha sik tespit
edilmesine neden olmaktadir (Xu ve ark.,2015).
Diinyanin her yerinde antibiyotik direnci ve direng
genlerinin yayilimi ile 1ilgili yapilan c¢aligmalar
artarak devam etmektedir (Yang ve ark.,2014).

Son yillarda antibiyotiklere karsi direngli bakterilerin
orani sadece klinik ortamlarda degil, cevresel
érneklerde de giderek artmaktadir (Tarek & Garner,
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ve ciftcilik gibi birgok farkli kaynaktan gelebilen
antibiyotiklere direncli bakterilerin yayginlig: strekli
artmaktadir (Baquero ve ark., 2008; Bouki ve ark.,
2013). Atik suya salinan cok sayida antibiyotik veya
bunlarin aktif metabolitleri, bakteri populasyonlari
tzerindeki sec¢ici baskiy1 artirarak direngli suglarin
secilmesine ve genis capta yayillmasina olanak
saglamaktadir (Davies & Davies, 2010; Bungau ve
ark., 2018).

Atik su aritma tesisleri (AAT), farkli kokenlerden
gelen direngli bakterilerin 6nemli bir toplayicisi ve
antibiyotik direncini kodlayan genlerin genetik
degisiminin gerceklestigi odak noktasi olarak rapor
edilmistir. Gercekten de, bu tesislerdeki ylksek
bakteri konsantrasyonu ve c¢esitliligi nedeniyle;
ureme, dogal transformasyon, transdiksiyon ve
transpozisyon yoluyla yatay gen transferi, cesitli
kokenlerden antibiyotik direncini kodlayan genlerin
paylasimini  ve yayilmasin1i  buyuk Olcude
artirmaktadir (Lepuschitz ve ark., 2019). Diinya

capinda; AAT'lerin ¢ogu, mikro Kkirleticilerin
tamamen ortadan kaldirilmasmni  her =zaman
saglayamamaktadir. Bu nedenle, antibiyotikler,

antibiyotige direncli bakteriler ve antibiyotik direncg
genleri topraklara, ylizey sularina ve igme suyu
giriglerine bulasabilmektedir. Dahasi, aritilmis atik
su c¢ogunlukla nehirlere degsarj edilmekte ve bu da
direncgli mikroorganizmalarin ve antibiyotik direncini
kodlayan genlerin uzun mesafeli bir yolculukla
tarimsal topraklara ulagsmasina ve nihayetinde insan
ve hayvan gidalarinda  bulunmasina neden
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olmaktadir (Gatica & Cytryn, 2013).

Antibiyotige diren¢li Aeromonas spp., Acinetobacter
spp., Enterobacteriaceae ve Pseudomonades Uyeleri
atik su kaynaklarinda tespit edilmigtir. Plazmitler,
transpozonlar,  bakteriyofajlar, integronlar ve
bunlarin kombinasyonlar1 olan mobil genetik
elementler vasitasiyla antibiyotik direng¢ genlerinin
farkli mikroorganizmalar arasinda horizontal gen
transferi olmaktadir. Bunun sonucunda atik sular
antibiyotik diren¢ genlerinin ¢evredeki buyukligi ve
yayilimini belirgin bir sekilde degistirmektedir (Yang
ve ark., 2014).

Deniz ve su kenarindaki yerlesim yerlerinde atik
sular yaygin olarak belirli merkezlerde toplanarak
aritma isleminden sonra deniz, nehir gibi yakindaki
sulara bogaltilmaktadir. Bunun sonucunda, sular
patojen ve direncli mikroorganizmalarla kirlenerek
insan saghgi i¢in biiyik bir tehlike olusturmaktadir
(Akkan ve ark., 2011).

Bu calismada, Trabzon sehir merkezinden alinan atik
su orneklerinden Gram negatif bakterilerin izole
edilerek antibiyotik diren¢ profillerinin belirlenmesi,
Genislemis Spektrumlu Beta Laktamaz (GSBL)
ureten Gram negatif  bakterilerin aritma
prosediirlerine sahip bir kentsel atik su tesisinde
dagiliminin  incelenerek, antibiyotik  direncini
kodlayan genleri ve genetik elementlerinin
(integronlar ve plazmitler) arastirilmasi, bu genetik
elementlerin  aktarim mekanizmalarinin  tespit
edilmesi amacglanmigtar.

MATERYAL ve METOD
Ornek Alinmas: ve Bakterilerin Izolasyonu

Atik su 6rnekleri Haziran 2015’te, Pazarkap: Atik Su
On Aritma Tesisi ve Kemerkaya Mahallesi Marasg
Caddesi Bahar Sokag logar kapag: olmak tzere
Trabzon ilinin iki ayri noktasindan toplanmigtir.
Toplanan atik sular steril etiketlenmig polietilenli
kaplara aktarilarak soguk =zincirde laboratuvara
transfer edilmistir. Orneklerin bir kismi calismaya
alinirken, diger kismi 6rneklerin korunabilmesi i¢in
toplama isleminden hemen sonra dondurulmustur.
Bu igslem ic¢in her bir atik su o6rneginden 20 mL
alinarak 50 mL falkon tiplerine dagitildi ve %15
gliserol ile saklama yapilmistir. Her 6rnekten ikiger
tip -80°C’de stoklanmigtir.

Her bir atiksu 6rneginden 107ye kadar diliisyonlar
hazirlandi ve 103-107 dilisyonlardan ikiger adet
triptik soy agar (TSA, Becton, Dickinson and
Company, ABD), eozin metilen mavisi (EMB, Sigma-
Aldrich, Almanya) besiyerlerine yayma ekim yéntemi
ile ekim yapilmig ve 37°C’de aerobik kosullarda
inkiibe  edilmistir (Popova ve ark., 2012,
Khorshidtalab, 2016). Besiyerlerinde birbirinden
farkli koloni morfolojisine sahip olan izolatlar
secilerek tek koloni ekimi ile saflagtirilmigtir.
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Saflagtirilan bakterilerden gram boyama sonucu,
Gram negatif oldugu belirlenen ve klasik yéntemlerle
tanmimlanmig ve Acinetobacter sp., Pseudomonas sp.,
turleri ve Enterobacteriacea ailesinden olan 36
bakteri calismaya dahil edilmigtir.

Bakterilerin Tanimlanmasi ve Diren¢ Profillerinin
Fenotipik ve Genotipik Yontemler ile Belirlenmesi

Calismaya dahil edilen ve Kklasik yontemlerle
tanmimlanmig 36 Gram negatif bakterinin; Clinical
Laboratory Standards Institute (CLSI) kriterlerine
gére  belirlenen antibiyotikler ile antibiyotik
duyarhlik testleri Kirby-Bauer disk difiizyon yontemi
ile Mueller Hinton agar (MHA, Becton, Dickinson and
Company, ABD) kullanilarak belirlenmistir. Sonuclar
CLSI standartlarina gére degerlendirilmistir (CLSI,
2009). Antibiyotiklerden dért veya daha fazlasina
direncgli oldugu belirlenen 14 izolat Matrix-Assisted
Laser Disorption Ionization-Time of Flight Mass
Spectrometry (MALDI-TOF MS, Bruker Daltonics,
ABD) ve BD Phoenix otomatize mikrobiyoloji sistemi
(Becton Dickenson, ABD) ile tamimlanmagtir.
Tanimlanan tiirlerin antibiyotik duyarhlik profilleri
BD Phoenix otomatize sistem (Becton Dickenson,
ABD) ile degerlendirilmistir.

Otomatize sistem ile GSBL ftrettigi tespit edilen
izolatlara dogrulama amaciyla cift disk sinerji testi
uygulanmigtir. Testin kalite kontroli i¢cin Escherichia
coli ATCC 25922 referans susu kullanilmistir.

Antibiyotiklerden dort veya daha fazlasina direncli
oldugu Dbelirlenen 14 izolattan fenol-kloroform
yontemi ile DNA izolasyonu gerc¢eklestirilerek,
izolatlarda blasuv, blatem, blaoxa, blactx-M, integraz 1,
integraz 2 ve integron varlhigr Polimeraz Zincir
Reaksiyonu (PZR) ile arastinlmistir. PZR’da
kullanilan primerler Cizelge 1’de gosterilmistir. PZR
reaksiyonu 5x FIREPol® Master Mix 5 uL (Solis
Biodyne, Estonya), primer forward (10 pmol pL) 0.6
uL, primer reverse (10 pmol pL1) 0.6 uL, template 2
puL, double distilled water 11.8 plL, toplam 20 uL
olacak sekilde hazirlanmistir. Her bir gen igin
primerlerin  temin edildigi kaynaklar referans
alinarak, ayr1 PZR reaksiyon kosullar: uygulanmistir.

PZR sonucu pozitif bulunan oOrnekler Applied
Biosystems 3130 Genetic Analyzer (Applied
Biosystems, = ABD)  cihazinda  dizi  analizi

gerceklestirilmigtir. Dizileme sonuglar1 Chromas Pro
Programi (Siiriim 1.7.5) ile analiz edilmis ve her
birinin benzerligi kontrol etmek igin ClustalW2 DNA
Veri Bankasina tanitilmigtir.

Plazmit Izolasyonu, Transformasyon ve Konjugasyon
Deneyleri

Calismaya dahil edilen 14 izolatta plazmit varhg:
EZNA Plasmid Mini Kit I (Omega Bio-tek Inc, ABD)
kullamlarak arastinlmigtir. Izolatlardaki direncin
plazmit ile aktarilma mekanizmasi transformasyon
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ve konjugasyon deneyleri ile belirlenmistir.

Transformasyon, kompetan hiicre olarak £ coli
JM109 kullanilarak NEB PCR Cloning Kit (Biolabs
Inc., New England) ve QIAGEN PCR Cloning Kit
(QIAGEN 1Inc., Ingiltere) ile firmalarin talimati
dogrultusunda gergeklestirilmigtir. Bakteriden izole
edilen plazmit kompetan hicreye transform
edilmigtir. Transformantlar segici besiyerlerine
ekilmigtir. Diren¢ genlerini alarak segici besiyerinde
ureyen bakterilerden yeniden plazmit izolasyonu ve
PZR yapilarak dogrulama iglemi gerceklestirilmistir.

Plazmit DNAnin konjugasyon ile aktarilma islemi

Cizelge 1. Calismada kullanilan primer listesi
Table 1. List of the primers used in the study

broth mating (sivida ciftlesme) prensibine gére
yapilmistir (Ike ve ark., 1998). Verici hiicre olarak
GSBL igeren 1izolatlar, alici hiicre olarak FE. coli
HB101 ve E. coli DH5a izolatlar1 kullanilmigtir.
Kontrol i¢in verici hiicre olarak E. coli KD39, alici
hiicre olarak E.  coli C600 kullamilmigstir.
Transkonjugantlar uygun antibiyotikleri iceren LB
agar Dbesiyerleri kullanilarak segilmistir. Primer
seleksiyon plaklarinda treyen koloniler uygun
antibiyotikleri iceren LLB agar plaklarina replika ekim
yapilarak dogrulama gergeklestirilmigtir.

Primerin Adx Sekans (5'—3) Referans no.
Primers Sequence (5’—3) Reference no.
SHV-F TCAGCGAAAAACACCTTG (Dehshiri ve ark., 2018)
SHV-R TCCCGCAGATAAATCACC (Dehshiri ve ark., 2018)
TEM-F ATGAGTATTCAACATTTCCG (Tariq ve ark., 2012)
TEM-R CCAATGCTTAATCAGTGAGG (Tariq ve ark., 2012)
OXA-F GTCTTTCGAGTACGGCATTA (Yan ve ark., 2006)
OXA-R ATTTTCTTAGCGGCAACTTAC (Yan ve ark., 2006)
CTX-M- TTTGCGATGTGCAGTACCAGTAA (Edelstein ve ark., 2003)
CTX-M- CGATATCGTTGGTGGTGCCATA (Edelstein ve ark., 2003)
IntI-1F GGTCAAGGATCTGGATTTGG (Machado ve ark., 2005)
IntI-1R ACATGCGTGTAAATCATCGTC (Machado ve ark., 2005)
IntI-2F CACGGATATGCGACAAAAAGGT (Machado ve ark., 2005)
IntI-2R GTAGCAAACGAGTGACGAAATG (Machado ve ark., 2005)
5-CS GGCATCCAAGCAGCAAG (Machado ve ark., 2005)
3-CS AAGCAGACTTGACCTGA (Machado ve ark., 2005)
BULGULAR diger 13 izolatta antibiyotik direnci fenotipik olarak

Atik sudan izole edilen Gram negatif bakerilerdeki
antibiyotik direnci Kirby-Bauer disk diftizyon

yontemi 1le arastirilmis, ampisin, amoksisilin-
klavulonat direnci 11/36; piperasilin direnci 9/36;
aztreonam direnci 8/36; gentamisin,siprofloksasin,
imipenem, sefepim, sefotaksim direnci 5/36;
seftazidim, sefoksitin direnci 4/36 izolatta tespit
edilmigtir. Dort ve flzeri antibiyotige direng
gosterdigi belirlenen 14 izolat MALDI-TOF MS ve BD
Phoenix  otomatize sistem ile Pseudomonas

aeruginosa (2/14), E.coli (1/14), Stenotrophomonas
maltophilia (3/14), Citrobacter braakii (1/14),
Pseudomonas putida (1/14), Pseudomonas viridiflava
(1/14), Shewanella putrefaciens (1/14), Acinetobacter
baumannii (1/14), Achromobacter xylosoxidans (2/14),
Pseudomonas nitroreducens (1/14) olarak
tanimlanmistir (Cizelge 2). Tanimlanan bakteriler ve
otomatize sistemden elde edilen antibiyotik duyarlilik
profilleri Cizelge 2’de gosterilmigtir.

Tamimlanan 14 izolattan sadece C. braakii olarak
tanimlanan izolatta GSBL fenotipi tespit edilmistir.
GSBL varhgi, ¢ift disk sinerji testi ile dogrulanmistir.
Izolatta yalmzca blaoxa varhg tespit edilmis ve DNA
dizi analizi ile dogrulanmigtir. Bu ¢alismada yer alan
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gorulmesine ragmen, genotipik olarak tespit
edilmemigtir. Ayrica c¢alismaya dahil edilen
izolatlarin hig¢birinde integron varligi gérillmemistir.

Calismada yer alan 14 izolatta plazmit varhg:
arastirilmistir. £ coli ve C. braakii izolatlarinin
plazmit tagidigr belirlenmistir. C. braakii izolatinda
biiyiiklikleri 3-60 kb arasinda olan en az 3-4 tip
plazmit bulunmustur. Izolatta bulunan ampisilin
direncinin konjugatif plazmitle £ coli HB101 ve
DHb5a suslarina aktarildigi, kanamisin direncinin non
konjugatif bir plazmitle E. coli JM109 susuna
transforme oldugu belirlenmigtir. Ayrica
transformant ve transkonjugatlarda ampisilin ve
kanamisin direncinin aktarildigi dogrulanmigtir.

TARTISMA ve SONUC

Diinya Saghk Orgiti (WHO) giiniimiizde insan ve
hayvan sagligini tehdit eden en biylk sorunlardan
birinin antibiyotik direnci oldugunu bildirmigtir.
Guntimuzde antibiyotiklere direngli  bakteriler
tarafindan meydana gelen enfeksiyon hastaliklarinin
sikhiginda artis tespit edilmektedir. Bu husus
enfeksiyon hastaliklarinin tedavisini gii¢lestirmekte
ve buna baglh komplikasyonlarin meydana gelmesine
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neden olmaktadir. Son zamanlarda yapilan ve
belediyelerin atik su sistemleri ve kanalizasyon
sistemlerini hedef alan calismalarda antibiyotige
direncli bakteriler ve direngle iligkili genetik
elemanlarin alinan oOrneklerde fazla miktarda
bulundugu gésterilmistir (Tarek & Garner, 2022).

Antibiyotige direncli patojenler ve antibiyotik direncli
genler igeren fekal kirliligin ¢evresel bulagma yollari,
antibiyotik direncinin yayilmasina katkida bulunmasi
muhtemel bir faktér olarak tamimlanmistir (Tarek &
Garner, 2022).

Cizelge 2. Bakterilerin MALDI-TOF MS ve ve BD Phoenix otomatize sistem ile tanimlanmasi, ve BD Phoenix

antibiyogram sonuclari

Table 2. Identification of bacteria with MALDI-TOF MS and BD Phoenix automated system, and BD Phoenix

antibiogram results

MALDI-Toff MS

Antibiyogram Sonuglar1 (Results of Antibiogram)

Tanimlama
MALDI-Toff MS
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AK: Amikasin, AMP: Ampisilin, AMC: Amoksisilin- Klavulonat, AZT: Aztreonam, CP: Sefepim, CAZ: Seftazidim, CRO:
Seftriakson, CXM: Sefuroksim-Sodyum,CIP: Siprofloksasin, ETP: Ertapenem, CL: Kolistin, GM: Gentamisin, IPM:
imipenem, MEM: Meropenem, NET: Netilmisin, PRL: Piperasilin, TZP: Piperasilin-Tazobaktam, SXT: Trimetoprim-
Sulfametoksazol, S: Duyarli, R: Direngli, I:Orta Duyarl, -: Caligsilmadi.

Yapilan bu calismaya dahil edilen Gram negatif
bakterilerden iki tanesi MALDI-TOF MS ile
Achromobacter xylosoxidans olarak tanimlandi. A.
xylosoxidans katalaz pozitif, oksidaz-pozitif ve
nonfermentatif Gram negatif basildir. Nonfermentatif
Gram negatif basiller ile benzer 6zelliklere sahiptir ve
birbirlerinden ayirt edilmesi zor c¢evresel bir
patojendir. A. xylosoxidanslar bircok ilaca direncgli
firsatg1 bakterilerdir. Calismada 1zole edilen A.
xylosoxidans izolatlarindan biri dort digeri alti
antibiyotige direnclidir. Nakamoto ve ark. (2017)
calismasinda akarsu, golet ve evsel atiklardan
toplanan numunelerden dokuz A. xylosoxidans izole
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edilmis ve bes izolatin birden fazla aminoglikozit
siifi antibiyotige karsi artan direng gosterdigi
belirlenmigtir. Amoureux ve ark. yaptig1 calismada
hastaneden 33 izolat, evsel alanlardan dokuz ve agik
alanlardan sekiz izolat olmak tizere toplam 50 A.
xylosoxidans izolat1 saptanmigtir. Izolatlarm 49u
siprofloksasine direncli bulunmustur (Amoureux ve

ark., 2013). Yapilan calismada, aztreonam ve
siprofloksasine direncli bulunan izolatlarin
aminoglikozitlerden gentamisin ve netilmisine

direncli oldugu saptanmagtir.

Calismada yer alan izolatlardan bir tanesi C. braakii
olarak tanmimlanmistir. C. braakii, su, toprak ve
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gidalarda yaygin olarak bulunan Gram negatif,
fakiiltatif anaerobik ve hareketli bir Dbasildir.
Citrobacter turleri, ciddi nozokomiyal enfeksiyonlara

neden olan ve yaygin olarak  kullanilan
antimikrobiyal ajanlara direngli
mikroorganizmalardir. Aminoglikozidler,

florokinolonlar, karbapenemler, sefepim ve sefpirom
gibi  bir¢ok lglinci ve dordiinci jenerasyon
sefalosporinler, C. braakii ile iligkili enfeksiyonlar:
tedavi etmek i¢in tercih edilen ilaglardir. Fakat
penisilin ve diger beta-laktam antibiyotiklere karsi
yiiksek diizeyde direnc gosterirler (Nayar ve ark.,
2014; Trivedi ve ark., 2015). Calismada tespit edilen
C. braakii izolatinin bir¢ok antibiyotige karsi direncli

oldugu, GSBL drettigi ve blama icerdigi tespit
edilmigtir. Bu izolatin ayni zamanda igerdigi
plazmitler vasitasiyla ampisilin direncini

konjugasyon ile aktarabildigi gésterilmistir.

Cin’de penisilin Uretimi yapilan bir tesisin atik
suyundan ve atik suyun doékuldugi nehirden izole
edilen bakteri profilinin yapilan bu calismada izole
edilen bakteri profili ile benzer oldugu goriilmustir.
Aym ¢aligmada Uretim tesisinin atik suyundan izole
edilen 179 bakterinin 31'inde ve atik suyun
bosaltildig1 nehrin agiz kismina yakin yerinden izole
edilen 163 bakterinin 18inde blarem tespit edilmigtir
(Li ve ark., 2009). Slovakya’da yapilan bir calismada
belediye atik su aritma tesisinden izole edilen 109
FE.coli izolatinin %26’sinda GSBL tespit edilmigtir.
GSBL urettigi tespit edilen izolatlarin yaklagik
yarisinda CTX-M geni bulunurken, sadece bir izolatta
IMP geni ve integron 1 birlikte tespit edilmistir
(Cornejova ve ark., 2015). Bu calismada Trabzon ili
atik sularindan elde edilen 36 Gram negatif
bakteriden sadece birinin GSBL tirettigi ve blaoxs geni
tagidigr tespit edilmistir. Trabzon ilinin farkh
bolgelerindeki atik su aritma tesislerinden numune
alimp atik sudan daha fazla sayida Gram negatif
bakteri izole edilerek yapilacak farkli ¢alismalarda,

ornek sayisinin artmasiyla Dbirlikte antibiyotik
direncli  bakteri  sayisinda artis  olacagi
diisinulmektedir.

Bu calismada, atik sudan izole edilen baz

bakterilerde diren¢ genlerinin varlhigr ile birlikte
antibiyotik direnci tespit edilen izolatlarin ikisinde

plazmit varliginin tespit edilmistir. Antibiyotik
direncinin  plazmitler araciligiyla  konjugasyon
ve/veya transformasyon yoluyla aktarilabilecegi

gosterilmis oldugundan, antibiyotik direncinin atik
sulardaki bakteriler arasinda da yayilabilecegi ve bu
durumun hayvan ve insan saglhigim1 olumsuz yonde
etkileyecegi diigintlmektedir.
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OZET Genetik

Diinyada en ¢ok 6liime neden olan hastaliklar arasinda ikinci sirada

yer alan kanserin tedavisinde platin(II) temelli ilaglar énemli yer Aragtirma Makalesi
tutmaktadir. Yiksek etkinlik nedeniyle siklikla tercih edilen bu

ilaglarin  kullanimini, yan etkileri ve diren¢ gelisimi gibi Makale Tarihgesi
olumsuzluklar kisitlamaktadir. Pt(I) iyonunu igeren molekiillerin Gelig Tarihi  :04.07.2023
DNA ile etkilestigi bilindiginden, bu iyonu DNA’ya tasiyacak diisuk Kabul Tarihi :03.12.2023
toksisiteli bir ligandin gelistirilmesi 6nem kazanmigtir. Distuk

toksisiteli olmalar1 nedeniyle ila¢ c¢alismalarinda kullanimlar: Anahtar Kelimeler
desteklenen tetrazol halkasi ve Schiff bazi grubu igeren ligant Tetrazol halkas1
(tetrazolato) ve onun Pt(II) kompleksi sunulan calismaya konu Schiff baz

olmustur. Bu calismada tetrazolato ligandi ve onun kompleksinin Platin

farkli baz dizilimlerine sahip DNA yapilar: ile etkilesimi, hem tek DNA etkilesimi

basina ligandin esnek oldugu “doking” ve hem de ligant-DNA
yapilarinin ayni anda esnek oldugu “esnek doking” yontemleri
kullanilarak arastirilmasi amaclanmistir. Bulgular, hem ligandin
hem de onun Pt(II) kompleksinin tiim DNA yapilarina yiiksek
afinitesi  oldugunu  gostermektedir. Doking c¢alismasindaki
etkilesimler, en distk: -5.225 kecal mol’?l, en yiiksek: -8.186 kcal mol!
ve esnek doking calismasi i¢in ise en dusuk: -5.941 kcal mol?, en
yiksek: -7.967 kcal mol! olarak belirlenmigtir.

Determination of DNA Interaction of Tetrazolato Ligand and Pt(II) Complex by Molecular Docking

ABSTRACT Genetics

Platinum(II) based drugs are essential in treating cancer, the second

leading cause of death worldwide. These drugs, which are frequently Research Article

used due to their high efficacy, are limited due to their side effects and

resistance development. Since the interaction of Pt(II) with DNA is Article History

known, developing a low-toxicity ligand to carry it to DNA has gained Received 1 04.07.2023
importance. The Ligand (Tetrazolato) containing a tetrazole ring and Accepted 103.12.2023
Schiff base structures and its Pt(II) complex that are supported for use

in drug development research due to their low toxicity is the main Keywords

subject of this work. It is aimed at investigating the interaction of both Tetrazole ring

this ligand and its Pt(II) complex with DNA structures having Schiff base

different base sequences by both "docking methods," in which only the Platinum

ligand is flexible, and "flexible docking methods," in which the ligand DNA interaction

and DNA structures are flexible at the same time. The data revealed
that the ligand and the Pt(I) complex presented high affinity for all
DNA structures. Determined interactions in docking studies ranged
from the lowest: -5.225 kecal mol! to highest: -8.186 kcal mol! for the
docking study, and the lowest: -5.941 kcal mol! to highest: -7.967 kcal
mol! for the flexible docking study.
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GIRIS Yapisal olarak birbirine ¢ift bagla bagh karbon ve azot

Peyrone tarafindan 1844’te sentezlenen (Dasari &
Tchounwou, 2014) cisplatinin anti kanser o6zelligi
1969da Rosenberg ve arkadaglari tarafindan
gosterilmis (Rosenberg ve ark., 1969) ve 1978 yilinda
da Amerika Birlegik Devletleri Amerikan Gida ve Ilag
Idaresi (FDA) tarafindan onaylanmigtir. Cisplatin,
kesfedildigi giinden beri kanser tedavisinde kullanilan
en o6nemli ilactir (Kelland, 2007). Bugiin, kanser
teshisi alan hastalarin %50’sinin tedavilerinin bir
béliimiinde cisplatin kullamilmaktadir (Ghosh, 2019).
Cisplatinin FDA tarafindan onaylanip Pt(II) temelli
ilk ilag olarak kabul edilmesi, Pt(II) temelli terapilerin
de miladi olarak kabul edilmektedir. Bu sayede ikinci
ve {iclincli nesil Pt(II) temelli ilaclar; carboplatin ve
oxaliplatin sentezlenmis ve FDA tarafindan onay
almigtir (Amjad ve ark., 2022; Kelland, 2007).
Bunlarin yaninda Giney Kore, Cin ve Japonya’da
bolgesel onay almis Pt(II) temelli ilaclar da
bulunmaktadir (Heptaplatin, lobaplatin, nedaplatin)
(Amjad ve ark., 2022; Chaudhary ve ark., 2021).
Cisplatinden sonra gelistirilen ilaclarin  Pt(ID)
iyonunun anyonik ligantlarla selatlanmasi
(Karboplatin, Oxaliplatin) veya amin grubu igeren
ligantlarla (Oxaliplatin) etkilestirilmesi seklinde
hazirlandig: goriilmektedir (Martinho ve ark., 2019).

Pt(II) temelli ilaclar genel olarak DNA iizerinde
adenin ve guanin bazlar ile interstrand ve intrastrand
etkilesimleri yapmaktadir. Bu etkilesimler nedeniyle
kivrilip biikilen DNA c¢alisamaz hale gelmektedir
(Murray & Mirzayans, 2020; Oun ve ark., 2018).
DNA’nin bu sekilde inaktif olmas1 DNA replikasyonu
ile RNA ve protein iiretimini engellemektedir (Oun ve
ark., 2018). Bu durum hiicrenin transdiiksiyon
yolaklarinmi aktive ederek nekroz veya apoptoz yoluyla
kanser hiicrelerini yok etmektedir (Ghosh, 2019). Bu
etkin tedaviye ragmen direng olusumu ve yan etkilerin
gelismesi (Ghosh, 2019; Soldatovié ve ark., 2023; Tarai
ve ark., 2023) Pt(II) iyonu temelli ilaglarin kullanimini
kisitlamaktadir. Bu nedenle, yeni Pt(II) iyonu temelli
komplekslerin sentezlenmesi olduk¢a o6nemlidir.
Tedavideki olumlu sonuglar1 sayesinde yapilar: ve etki
mekanizmalar1 detaylh calisilan bu ilaglar, benzer
molekiillerin  sentezlenmesine 151k tutmaktadir
(Martinho ve ark., 2019; Soldatovié ve ark., 2023; Tarai
ve ark., 2023). Kanser tedavisinde Pt(II) iyonunun
uygun bir ligant ile gselatlagtirilarak kullanilmasinin,
serbest Pt(II) iyonundan kaynaklanabilecek toksik
etkilerin ustesinden gelinmesinde etkili bir ¢6zim
oldugu diisiiniilmektedir (Amjad ve ark., 2022). Bu
calismanin konusunun tetrazolato liganti olmasinin
nedeni, hem Schiff baz1 (Kumar ve ark., 2017) hem de
tetrazol (Vishwakarma ve ark., 2022) gruplarinin
disiik toksisiteli olmasidir.
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atomundan olugan Schiff baz1 (-C=N-), azot atomunun
elektron verici 6zelligi sayesinde farkli biomolekiillerin
aktif bolgelerine baglanabilmektedir. Schiff bazlar
hem uyarlanabilirlikleri hem de tstiin farmakolojik
etkileri (Shekhar ve ark., 2022) nedeniyle “ayricalikli
ligantlar” olarak ifade edilmektedir (Ebosie ve ark.,
2021; Saritha & Metilda, 2021). Yapisal cesitlilikleri,
yiksek farmakolojik ve diigiik yan etkileri nedeniyle
koordinasyon  kimyasi c¢alismalarinda  siklikla
kullanilip metal kompleksleri iceren ilag
arastirmalarinda tercih edilen ligantlardir (Ashraf ve
ark., 2023; Faraj & Jumaa, 2022). Schiff bazlarinin,
bir¢ok farkli metal iyonu ile koordinasyon bilegiklerini
olusturarak, c¢esitli ortamlarda kararli oldugu
bilinmektedir (Boulechfar ve ark., 2023). Bunun
yaninda, heterosiklik bilegiklerle koordine olan metal
komplekslerinin de potansiyel 1ilaglar olarak
uygulamalar: bulunmaktadir (Pradeep ve ark., 2023).
Schiff bazi, 6zellikle aminoasitlerin oldugu metabolik
olaylarin pek c¢ok asamasinda viucutta dogal olarak
sentezlenmektedir (Singh ve ark., 2023). Bu nedenle
canli metabolizmaya disardan dahil olan Schiff
bazlarinin yan etki olusturmadan farkli kullanim
alanlarina sahip olabilecegi ifade edilmistir (Ji ve ark.,
2017; Raiber ve ark., 2018).

Bu calismaya konu olan ligandin bir diger ozelligi,
yapisinda tetrazol halkasi bulundurmasidir. Tetrazol
molekili zayif asidik olup, asitligi karboksilik asit
molekiiliine yakindir (pKa=4.76). Heterosiklik halkal
bir bilesik olan tetrazol, tibbi kimyada buyiik 6neme
sahiptir. Karboksilik asit gruplarindan daha kararl
olduklar1 i¢in yeni geligtirilen ilaglarda tercih
edilmektedir. Biyolojik olarak 6nemi karboksilik asit
ve cisramit gruplarinin biyoizosterik bir analogu
olmasindan kaynaklanmaktadir (Ozkan, 2019). Ayrica
metabolik kararlihign ve fizikokimyasal o6zellikleri
(Jire$ ve ark., 2021; Leyva-Ramos & Cardoso-Ortiz,
2021), tetrazol iceren yeni farmasotiklerin dizaynini ve
sentezini cekici hale getirmektedir (Socorro ve Jaime,
2021). Ligandin yapisindaki donér gruplarin Pt(IT)
iyonu ile kompleks olusturma kabiliyetinin olmasi,
koordinasyon kimyas1 ve ila¢ tasarimi agisindan bir
diger 6nemli 6zelliktir. Hem Schiff bazinin hem de

tetrazol halkasimin  disik  toksisiteli oldugu
bilindiginden tetrazolato ligandinin ve Pt(II)
kompleksinin de distk toksisiteli olmasi
beklenmektedir.

Molekiiler doking (yanastirma, kenetleme), genellikle
bir makromolekiil (DNA, protein, enzim vb.) ve kii¢iik
ligant etkilesimini simule etmek ig¢in kullanilan,
bilgisayara dayal bir yontemdir (Lin ve ark., 2023; Tao
ve ark., 2020). Sunulan bu ¢alismada hedef molekiiliin
stabil oldugu doking yaninda hem hedef molekiliin
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hem de ligandin esnek oldugu esnek doking yaklagimi
kullanilmigtir. Esnek doking calismalarinda, hem
ligant hem de DNA yapilar1 esnek oldugundan,
verilerinin gercege daha yakin oldugu kabul
edilmektedir (Fan ve ark., 2019; Potlitz ve ark., 2023;
Repasky ve ark., 2007). Ozellikle ilag¢ arastirmalarinda
sentezlenen yapilar preklinik g¢aligmalar sirasinda
elenebileceginden aday ila¢ molekiilii sentezlerinde
biylik zaman ve maddi kayip olabilmektedir.
Bilgisayar modellemeleri sayesinde bu yapilar
hakkinda bilgi elde edilmesi ve eleme yapilmasi,
sentez ve karakterizasyon agamalarinda zamandan ve
maddi acidan biiyiik kazang saglamaktadir (Cakmak
Pehlivanh & Cakmak, 2022; Tripathi & Misra, 2017).

Cisplatin, DNA {izerinde basta guanin olmak uzere
adenin ve diger bazlarla etkilesmektedir (Ahmad,
2010; Reedijk & Lohman, 1985). Cisplatinin etkilesim
mekanizmasi uzun yillardir arastirilmakta
oldugundan DNA ile nasil etkilestigi bilinmektedir
(Cetintas & Eroglu, 2013; Cohen & Lippard, 2001;
Dasari & Tchounwou, 2014). Bunun yaninda,
carboplatin gibi, cisplatinin etkisini koruyarak
toksisitesini diigiirmek i¢in gelistirilmis ikinci nesil
ilaclar da bulunmaktadir (Di Pasqua ve ark., 2012).

Pt(I) bazlh ilaclarin mekanizmalar1 ise DNA
tzerindeki bazlarla etkilegerek, DNA’nin
fonksiyonunu kaybetmesi ve hiicre oluminin

gerceklesmesi esasina dayanmaktadir (Ahmad, 2010).
Bu nedenle sunulan bu c¢alismada farkli baz
dizilimlerine sahip, insan DNA yapilar:1 se¢ilmistir. Bu
yapilardan {icii, 2023’te karakterize edilmis (Ogbonna
ve ark., 2023) olan, farkhh baz dizilimlerine sahip,
protein veri bankasinda (Protein Data Bank (PDB)),
8F2Y, 8F2W, 8F20 olarak kodlanmis DNA yapilaridir.
Ayrica DNA ile doking ¢alismalarinda siklikla tercih
edilen PDB’de 1BNA olarak kodlanmis (Cigerci ve
ark., 2023; Husunet ve ark., 2022; Ince Yardimci ve
ark.,, 2022; Liman ve ark., 2022) olan yap1
kullanilmigtir. Bu dort farklh DNA yapilarinin
ozellikleri Cizelge 1’de detaylandirilmigtir.

Sunulan bu calismada, alternatif Pt(II) iyonu tasiyicisi
olarak tasarlanan tatrazolato ligandinin ve onun Pt(II)
kompleksinin DNA ile etkilesimi farkli baz
dizilimlerine sahip DNA yapilar: ile hem doking hem
de esnek doking yontemleri ile degerlendirilmigtir.

Cizelge 1. Doking i¢in kullanilan DNA yapilar:
Table 1. DNA structures used for doking

MATERYAL ve METOD
Doking

Tetrazolato ligandimin kimyasal yapis1 Schrédinger
Maestro programinda ligant interaction modula ile
cizilmis (Schréodinger Release, 2021-1) ardindan
Ligprep modiili ile ligant doking i¢in hazirlanmistir.
Kanser hiicreleri ¢ok hizli bélindiklerinden,
metabolik faaliyetleri hizlidir. Normal hiicrelere
kiyasla daha fazla proton (H*) iyonlar1 {iretmektedir
(Piasentin ve ark., 2020; Swietach ve ark., 2014). Bu
durum saglikli hiicrelerdeki nétr pH degerini 7.1-7.7
araligina tasimaktadir (Lee & Shanti, 2021; Ward ve
ark., 2020). Bu nedenle, ligandin ve DNA yapilarinin
optimizasyonda pH 7,4+0,3 ayarlanarak optimize
edilmigtir. Kuvvet alani olarak Opls3e kullanilmigtir.

Tum DNA yapilar1 Schrédinger programinin protein
hazirlama modiilii ile PDB’den (https://www.rcsb.org/)
indirilmistir. Hidrojen baglarinin optimizasyonu,
ligandin hazirlandig1 kosullarda gercgeklestirilmigtir.
Grid kutusu, DNA yapilarinin tamamini kapsayacak
sekilde ayarlanmis ve kor doking yapilmistir. Doking,
Schrodinger Glide programinin Ligant Doking
modilini kullanarak ekstra hassas XP ayari ile
gerceklestirilmistir. Esnek doking calismasinda ise
ayni1 kosullarda Schrédinger induced fit doking
modild kullanilmigtir.

Pt(II) kompleksinin doking calismasinda kompleksin
2D yapis1 Schrodinger programinin ligant interaction
modili ile ¢izilmigtir. Ardindan uygun basis set ile
kompleksin  optimizasyonu yapilmistir. Uygun
kogullarda optimizasyonu yapilmig olan DNA
yapisinin timini kapsayan grid hazirlanmis ve kor
doking yapilmigtir. Daha sonra doking ve esnek doking
calismalar: ligant ile ayni kogullarda
gerceklestirilmistir. Doking programlari kovalent
olmayan baglar: belirlemektedir. Pt(II) iyonunun DNA
ile kovalent olarak etkilestigi oOngorulmektedir,
béylece Pt(II) kompleksi ve DNA yapilar1 ile esnek
doking yapildiktan sonra Pt(II) iyonu ile ne kadar
yakinlagtiklar1 o6l¢ulmustir. Atomlar arasindaki
uzakhik 3-3,5 A ve alt1 ise bu atomlar arasinda
kovalent bag olugma ihtimalinin yiikseldigi seklinde
yorumlanmistir (Frey, 2004).

PDB Baz dizilimi Coziiniirlik (A) Metot Organizma Kaynak

8F2Y 5-CGCGATATCGCG-3' 1.78 X-RAY kirinim Insan (Ogbonna ve ark., 2023)

8F2W  5-CGCGAATTCGCG-3' 1.30 X-RAY kirinim Insan (Ogbonna ve ark., 2023)

8F20  5-CGCAAAAAAGCG-3' 2.23 X-RAY kirinim Insan (Ogbonna ve ark., 2023)

1BNA 5'CGCGAATTCGCG-3' 1.90 X-RAY kirinim N/A (Drew ve ark., 1981)
BULGULAR optimizasyonunda 16 farkli konformasyonel degisim

Tetrazolato Ligand1 ve DNA Yapilarinin Etkilegimi

Schrédinger programina gore, ligant

olmustur. Bu yapilardan en ylksek doking skoru
gosteren yapilarin DNA ile etkilesimleri gosterilmigtir.
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8F2Y kodlu DNA yapis:1 i¢cin gergeklestirilen doking
calismasinda  tetrazolato ligandindaki tetrazol
halkasinin timin ile yakinlagsarak, DNA etrafindaki
H2O molekiilleri araciligiyla, hidrojen bagi ile
etkilestigi gorulmustur. Alt1 karbonlu aromatik
halkaya ait klor iyonunun ise yine DNA etrafindaki
H20 molekilleri ile halojen bag olusturarak adenin ve
timinle yakinlagip hidrojen bag ile etkilestigi
belirlenmigtir. Esnek doking sonucu elde edilen

verilerde ise ligandin sitozin (cytosine, S, C) ve
guaninlerce (G) zengin olan ug bélgesine yakinlastig
goriilmektedir. Etkilesimler tetrazol halkasi ile guanin
arasinda tuz koprisi, sitozin ile ise hidrojen bagi
olugsmas1 geklinde olugmustur. Aym sitozin ile alti
karbonlu aromatik halkadaki hidroksil grubunun da
hidrojen bagi ile etkilegtigi, boylece tetrazolato
ligandinin DNA’daki biiyik oluga girerek etkilestigi
belirlenmistir (Sekil 1, Cizelge 2).

Sekil 1. A: Tetrazolato ligandinin 8F2Y kodlu DNA ile etkilesimleri, B: DNA etkilesiminde olugsan baglar, C: Esnek
doking sonucu degisen etkilesimler (mor: Hidrojen bagi, sar1: halojen bagi, kirmizi: tuz képriisii).

Figure 1. A Interactions of the tetrazolato ligant with S8F2Y-encoded DNA, B: Bonds formed in the DNA
interaction, C: Altered interactions as a result of flexible doking (purple: hydrogen bond, yellow: halogen

bond, red- salt bridge).

Cizelge 2. Tetrazolato ligandinin DNA yapilar: tizerinde etkilestigi alanlar ve olugsan baglar
Table 2. Areas where tetrazolato ligand interacts on DNA structures and bonds formed

Doking Esnek Doking
DNA Ligant Etkilestigi alan Olusan Bag Etkilestigi alan Olusan Bag
G Tuz koprisi
Tet. H20 H bag S H bag
8F2Y Aro. H=0 Halojen b. S H bag
T H bag
Tet. H=0 H bag H=0 H bag
8F2W Aro G H bag S H bag1
Tet. T H bagi, © —»n etk. T H bagi, n —»= etk.
8F20 Aro. - - T Halojen bag:
Tet. S, T H bagi, = —»r etk. H:0, G, A H bagi, n —»n etk.
Aro. T, H20 H bagi, Halojen b. H=0 H bagi, Halojen b.
1BNA Sch. - - H20 H bag

H bagi: Hidrojen bagi, Halojen b.: Halojen bagi, n —n etk: n —mn etkilesimi, Tet: tetrazol, Aro: Alt1 karbonlu
aromatik halka, Sch: Schiff bazi. A: Adenin, G: Guanin, T: Timin, S: Sitozin

8F2W kodlu DNA yapis1 i¢in tetrazol halkasindaki
hidrojen atomlar1 H20 molekiiliindeki oksijen atomlari
ile etkilesirken, H2O molekiiliindeki hidrojen atomu ile
timin ve guanin bazlar1 arasinda bir etkilesim
meydana gelmistir. Alt1 karbonlu aromatik halkadaki
hidroksil grubu ile guanin baz1 arasinda hidrojen bag:
meydana geldigi gorilmustiir. Esnek doking sonucu
elde edilen verilere gore, ligant DNA’ya Sekil 2A’da
gosterildigi gibi yaklagmigtir. Tetrazol halkasindaki
hidrojenler hem timin bazi ile hem de H20 molekulleri
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aracilign ile hidrojen bagi yoluyla dogrudan
etkilesmigtir. Alt1 karbonlu aromatik halkadaki
hidroksil grubunun ise sitozin ile hidrojen bag:
olusturarak etkilestigi belirlenmistir (Cizelge 2).
8F2W kodlu DNA yapisinda tetrazolato ligandinin

interkalasyon  yoluyla  DNA ile etkilestigi
belirlenmistir (Sekil 2).
8F20 kodlu DNA yapis1 i¢in ligandin tetrazol

halkasindaki hidrojenleri timinler ile hem hidrojen
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bag1 olusturarak hem de n —n etkilesimi ile
yakinlagtig1 belirlenmistir. Esnek doking sonucu elde
edilen verilere bakildiginda, ligandin yine DNA’nin
Sekil 3 A’daki gibi affinite gosterdigi, tetrazol
halkasinin timin ile n© —n etkilesimi yaptig1 ve
halkadaki hidrojenlerin guanin, sitozin ve timin ile

hidrojen bag olusturdugu belirlenmistir. Ayrica alt
karbonlu aromatik halkadaki klor atomunun da timin
bazi 1ile halojen bag meydana getirebildigi
goriilmiistiir (Cizelge 2). 8F20 kodlu DNA’da, tipk:
8F2Y kodlu DNA’daki gibi tetrazolato ligandinin
DNA'min  biyik oluguna girerek etkilestigi

gorilmiistir (Sekil 3).

Sekil 2. A: Tetrazolato ligandinin 8F2W kodlu DNA ile etkilesimleri, B: DNA etkilesiminde olusan baglar, C: Esnek
doking sonucu degisen etkilegsimler (mor: Hidrojen bagi).

Figure 2. A’ Interactions of the tetrazolato ligant with 8F2W-encoded DNA, B: Bonds formed in the DNA
interaction, C: Altered interactions as a result of flexible doking (purple: Hydrogen bond).

Sekil 3. A: Tetrazolato ligandinin 8F20 kodlu DNA ile etkilesimleri, B: DNA etkilesiminde olugan baglar, C: Esnek
doking sonucu degisen etkilesimler (mor: Hidrojen bagi, yesil: 1 —n etkilesimi, sar1: Halojen bagi).

Figure 3. A’ Interactions of tetrazolato ligant with 8F20 coded DNA, B: Bonds formed in DNA interaction, C-
Interactions changed as a result of flexible doking (purple: Hydrogen bond, green: = —r interaction,

yellow: Halogen bond).

Son olarak, 1BNA kodlu DNA yapis1 ve tetrazolato
ligandi ile yapilan doking calismasinda sitozin ve
timin ile tetrazol halkasindaki hidrojenler arasinda
hidrojen bagi olustugu gériilmiistiir. Bunun yaninda,
tetrazol halkasi ve timin bazi arasinda n —n etkilesimi
meydana gelmigtir. Alt1 karbonlu aromatik halkaya ait
hidroksil grubu timin bazi ile hidrojen bagi, klor atomu
ise H20 molekiili ile halojen bagi olusturmustur.
Esnek doking c¢alismasi sonucunda ise, tetrazol
halkasindaki hidrojen atomlar1 ile adenin ve guanin
bazlar1 arasinda hem n —n etkilegimi hem de hidrojen
bag1 olustugu belirlenmigtir. Alt1 karbonlu aromatik
halkadaki klor atomu ve hidroksil grubunun DNA'min
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gevresindeki H20 molekiilleri ile halojen bag1 ve
hidrojen bag1 olusturmustur (Cizelge 2). En yiiksek
doking skorunun elde edildigi bu etkilesimde
tetrazolato ligandinin 8F2Y ve 8F20 kodlu DNA
yapilarinda oldugu gibi 1BNA kodlu DNA’da da biiytik
oluga girdigi gorillmiistiir (Sekil 4).

Ligant ve DNA yapilarinin etkilesimi sonucunda
hesaplanan doking skorlar1 Cizelge 3’de verilmigtir.
En yiksek etkilesim 1BNA kodlu DNA yapisinda
gorulmustur. Ancak yine de tum yapilarla kuvvetli
etkilesim oldugu gorilmektedir. Esnek doking
calismasinda ise hem ligant-baz etkilesimleri hem de
baglanma skorlari artmigtir.
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Sekil 4. A: Tetrazolato ligandinin 1BNA kodlu DNA ile etkilegimleri, B: DNA etkilesiminde olugan baglar, C: Esnek
doking sonucu degisen etkilesimler (mor: Hidrojen bag, yesil: © —n etkilegimi, sar1: halojen bag1)

Figure 4. A: Interactions of tetrazolato ligant with 1BNA-encoded DNA, B: Bonds formed in DNA interaction, C-
Interactions changed as a result of flexible doking (purple: hydrogen bond, green’' n —r interaction,
yellow: halogen bond)

Cizelge 3. Doking skorlar1 (kcal mol )
Table 8. Doking scores (kcal mol’)

DNA yapis1 Tetrazolato ligand1 Pt(IT) kompleksi

Doking Esnek Doking Doking Esnek Doking
8F2Y -6.502 -8.077 -6.104 -5.941
8F2W -7.165 -7.273 -5.796 -6.158
8F20 -5.225 -7.304 -5.805 -6.306
1BNA -8.186 -9.742 -4.073 -7.967

3.2 Pt(I) Komleksi ve DNA Yapilarinin Etkilesimleri etkilesimlerle kompleksin DNA’nin biiyiik oluguna
8F2Y kodlu DNA yapisi ile gerceklestirilen doking girdigi belirlenmistir. Esnek doking sonuclarina gore,
calismasinda, Pt(I) iyonu ile guanin ve alt1 karbonlu Pt(II) kompleksinin sadece hidrofobik etkilesimler ile
aromatik halkadaki oksijen ile DNAmin etrafindaki buytik oluga girdigi belirlenmigtir. Yapilan yakinhk
H20 molekiilleri arasinda hidrojen bagi olustugu 6lgimiine Pt(I) iyonunun bazlar yerine DNAmn

goriilmiistir  (Cizelge 4). Ayrica  hidrofobik etrafindaki H20 molekiilleri ile yakinlagtig1
belirlenmistir (Sekil 5).

Cizelge 4. Pt(I) kompleksinin DNA yapilarinda etkilestigi alanlar ve olugan baglar
Table 4. Interaction areas of Pt(Il) complex in DNA structures and bonds formed

DNA Ligant Doking Esnek Doking
Etkilesgtigi alan Olugan Bag Etkilegtigi alan Olugan Bag
8F2Y Pt(1D) G H bag - -
Aro. H=0 H bag
8F2W Sch. G Tuz Koprisu - -
Aro H20 H bag
T © katyon bagi
8F20 Aro T T —7 etk. S H bag
H20 Halojen b. T n -1 etk., H bagi
Tet. - - S H bag
Aro - - - -
1BNA Pt(1D) G H bag
Aro A% H b;g;iorjte:getk' T Halojen bag
Tet. - - H20 H bag
Sch. - - AT n katyon etk.

H bagi: Hidrojen bagi, Halojen b.: Halojen bagi, n —=n etki 1 —r etkilesimi, Tet: tetrazol, Aro: Alt1 karbonlu
aromatik halka, Sch: Schiff bazi. A: Adenin, G Guanin, Tt Timin, S: Sitozin
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Sekil 5. A: Pt(II) kompleksinin 8F2Y kodlu DNA yapisi ile etkilesimi sonucu olusan baglar, B: Esnek doking
sonucunda DNA yapisinda olusan konformasyonel degisim, C: Esnek doking sonrasi DNA ve Pt(II)
kompleksi arasindaki etkilesim (mor: hidrojen bagi).

Figure 5. A Bonds formed by the interaction of the Pt(II) complex with the 8F2Y coded DNA structure, B-
Conformational change in DNA structure after flexible doking, C: Interaction between DNA and Pt(I)
complex after flexible doking (purple: hydrogen bond).

8F2W kodlu DNAnin Pt(I) kompleksi ile karbonlu aromatik halkadaki oksijen iyonunun ise
H20 molekiala ile hidrojen bagi olusturdugu
belirlenmistir (Cizelge 4). Pt(II) iyonu ve DNA yapis1
arasinda yapilan yakinlik 6lciimiinde Pt(II) iyonunun
bazlar yerine 8F2Y kodlu DNA’da oldugu gibi bu
DNAnin da etrafindaki H20 molekilleri ile
yakinlastig1 belirlenmistir (Sekil 6).

etkilesiminin  incelendigi  calismadaki  doking
sonuclarina gore, komplekse ait Schiff bazinin guanin
ile tuz kopriisu yoluyla etkilestigi ve oluklara girmek
yerine interkalasyon yoluyla DNA’ya baglandig:
belirlenmigtir. Esnek doking sonuglarinda
kompleksdeki Schiff bazinin timin ile tuz koépriisi, alt

Sekil 6. A: Pt(II) kompleksinin 8F2W kodlu DNA yapis: ile etkilesimi sonucu olusan baglar, B: Esnek doking
sonucunda DNA yapisinda olusan konformasyonel degisim, C: Esnek doking sonras1 DNA ve Pt(I)
kompleksi arasindaki etkilesim (kirmizi: © katyon bagi, mor: hidrojen bagi, kirmizi mor: tuz képriisii).

Figure 6. A° Bonds formed as a result of interaction of Pt(Il) complex with S8F2W coded DNA structure, B:
Conformational change in DNA structure after flexible doking, C: Interaction between DNA and Pt(II)
complex after flexible doking (red: r cation bond, purple: hydrogen bond, red purple: salt bridge).

8F20 kodlu DNA ile Pt(II) kompleksinin etkilegiminin ('jlgi.ilm.ﬁstﬁr.((}izelgg 5). Bu sonug, aralarinda kovalent
incelendigi calismada komplekse ait alt1 karbonlu etkilesimlerin olabileceginin géstergesidir. Yiuksek

aromatik halkanin timin bazlari ile 1 - etkilesimi ile doking skorlarina s’ahip bu" Pitkilesimlverle Pt(I})
yakinlastigi, buradaki klor iyonunun ise DNA kompleksinin ~ DNA’daki  buytk oluga girdigi

etrafindaki H2O molekiilii ile halojen bag1 olusturarak belirlenmistir (Sekil 7).
etkilestigi belirlenmigtir. Esnek dokingde elde edilen

sonuclar, tetrazol halkasindaki azotun sitozin ile Cizelge 5. Pt(I) iyonu ve DNA yapilarindaki bazlar
hidrojen bagi olusturdugunu, alt1 karbonlu aromatik arasinda yapilan mesafe dl¢timleri
halkanin timin bazi ile © -7 etkilegimi yaptigini, bu Table 5. Distance measurements between Pt(II) ion
halkadaki hidroksil grubunun ise timin baz1 ile and bases in DNA structures ,
hidrojen bag1 olusturdugunu géstermistir (Cizelge 4). DNA Etkilesilen Bazlar Uzakhk (A)
Yapilan yakinlik élgiim sonuclarina gére Pt(II)nin 8F20 Guanin 3.28, 2.47
guanin ile olan yakinligi 3.28 247 A olarak 1BNA Adenin 2.81; 3.16; 2.70
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Sekil 7. A: Pt(II) kompleksinin 8F20 kodlu DNA yapis: ile etkilesimi sonucu olusan baglar, B: Esnek doking
sonucunda DNA yapisinda olusan konformasyonel degisim, C: Esnek doking sonucu Pt(II) ve guanin
arasinda olusan yakinlhk (3.28; 2.47 A) D: Esnek doking sonrast DNA ve Pt(II) kompleksi arasindaki
etkilesim (sarrhalojen bagi, yesil: 1 —n etkilesimi, mor hidrojen bag).

Figure 7. A Bonds formed as a result of interaction of Pt(Il) complex with 8F20 coded DNA structure, B:
Conformational change in the DNA structure after flexible doking, C' Proximity between Pt(D and
guanine after flexible doking (3.28; 2.47 A), D: Interaction between DNA and Pt(II) complex after flexible
doking (vellow: halogen bond, green’ = —r interaction, purple hydrogen bond).

1BNA kodlu DNA ile Pt(II) kompleksi arasindaki
doking etkilesimlerinin sonucu, diger doking
calismalar ile kiyaslandiginda en yiksek doking
skoruna sahiptir (-7.967). Bu sonuca gore, Pt(II)
kompleksindeki alt1 karbonlu aromatik halka adenin
ile 1 —»n etkilesimi yaparken, bu halkada bulunan
oksijen ve klor atomlari ise adenin ve timin ile
sirasiyla hidrojen ve halojen baglarini olusturmustur.
Ayrica kompleksdeki Pt(IT) iyonu guanin ile hidrojen
bagr kurmustur. Esnek doking sonrasinda DNA’nin
yapisinda belirgin biikiillme tespit edilmistir. Pt(II)
kompleksindeki Schiff bazina ait azotun hem adenin
hem de timinle m  katyon bag1 ile etkilestigi
gorilmustir. Bunun yaninda kompleksin alti
karbonlu aromatik halkasindaki klor iyonu timin ile
halojen bagimi olusturmustur. Tetrazol halkasindaki
azotun ve alt1 karbonlu aromatik halkadaki oksijenin
DNA etrafindaki H20 molekiilleri ile etkilestigi
belirlenmistir (Cizelge 4). Pt(II) iyonu ile adenin
arasindaki mesafe 2.81; 3.16; 2.70 A olarak
élciilmiistiir (Cizelge 5). Hem bu sonuclar hem de elde
edilen yiikselen doking skoru (-7.967) Pt(II) kompleksi
ve DNA arasinda kovalent etkilesimlerin olabilecegini
gostermektedir (Sekil 8).

Pt(IT) kompleksine ait doking ve esnek doking skorlar:
Cizelge 3'de verilmigtir. 8F2Y kodlu DNA’da doking ve
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esnek doking skorlari arasinda az da olsa dusis
olmustur. Bunun disinda diger DNA’lar i¢in skorlarin
yikseldigi belirlenmistir. En yliksek ve en dusik skor
1BNA kodlu DNA yapisi i¢in olugsmustur. Dokingde -
4.073 kcal mol! olarak olgiilen skor, esnek doking
sonrasi -7.967 kcal mol e yiikselmistir (Cizelge 6).

TARTISMA ve SONUC

Yapisal molekiiler biyoloji ve yap1 tabanli ila¢ kesfine
onemli avantaj sunan molekiler doking, 19807lerde
ortaya c¢ikmis ve son otuz yilda o6nemli gelisme
kaydetmistir (Du ve ark., 2023; Feng ve ark., 2022;
Stanzione ve ark., 2021; Yu ve ark., 2023). Ilag
gelistirme ¢aligmalar: uzun zaman ve yliksek maliyet
gerektirmektedir (Berdigaliyev & Aljofan, 2020).
Tedaviye yonelik aday molekiillerin belirlenmesi ile
ilgili ilag gelistirme ¢alismalarinda zaman ve
maliyetten kazang saglayan, bilgisayar temelli tahmin
programlar1 énem kazanmistir (Shaker ve ark., 2021).
Ayrica doking yontemleri “Strdurilebilirlik” ve “yesil
mutabakat” dizenlemeleri ile yayginlagsan “yesil
kimya” uygulamalarinda da biiyiik 6neme sahip olup

hem kullanimi hem de geligtirilmesi
desteklenmektedir (Johnson ve ark., 2023; Joseph ve
ark., 2015, Sinha & Vohora, 2018). Ilag

arastirmalarinda 6ncii molekiil kesfi i¢in net yik,
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molekiler agirlik, polar ylizey alani, ¢oztintrlik, ticari
bulunabilirlik ve birim fiyat1 gibi bilgiler, doking
yapilacak molekillerin sayisinin  azaltilmasinda
uygulanmaktadir (Du ve ark., 2023; Morris & Lim-
Wilby, 2008). Ornegin; niikleik  asit-ligant
etkilegimleri birgok hiicresel siiregte énemli rollere
sahip oldugundan (Feng ve ark., 2022) DNA'ya ait
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buyuk olugu veya kiigiik olugu hedefleyen yapilarin
etkilesim mekanizmalarinin arastirilmasi 6nemlidir
(Ogbonna ve ark., 2023). Pt(II) iyonu bulunduran
ilaclarin DNA ile etkilesiyor olmalari, benzer yapilarin
DNA etkilegimlerinin belirlenmesini onemli
kilmaktadir.

Sekil 8. A:Pt(II) kompleksinin 1BNA kodlu DNA yapis: ile etkilesimi sonucu olusan baglar, B: Esnek doking
sonucunda DNA yapisinda olugan konformasyonel degisim, C: Esnek doking sonucu platin ve guanin
arasinda olugan yakinlik (2.81; 3.16; 2.70 A) D: Esnek doking sonrast DNA ve Pt(I) kompleksi arasindaki
etkilesim (sar1: halojen bagi, kirmizi: © katyon etkilesimi, mor: hidrojen bagi, yesil: © —»n etkilegimi).

Figure 8 A: Bonds formed as a result of interaction of Pt(II) complex with 1BNA coded DNA structure, B:
Conformational change in the DNA structure 35”1,‘61" flexible doking, C° Proximity between platinum and
guanine after flexible doking (2.81; 3.16; 2.70 A), D: Interaction between DNA and Pt(II) complex after
flexible doking (vellow: halogen bond, red: r cation interaction, purple’ hydrogen bond, green' m —r

Interaction).

Cizelge 6. DNA ve ligant ile onun Pt(II) kompleksine ait kimyasal gruplarin etkilestigi bazlar
Table 6. DNA and the bases with which the chemical groups of the ligant and its Pt(II) complex interact

Tetrazolato Ligandi

DNA Doking Esnek Doking
Etkilestigi Olusan  Etkilestigi Olusan
alan Bag alan Bag
8F2Y  Tet., Aro. AT Tet., Aro. G,S
8F2W  Tet., Aro. T,G Tet., Aro. S,G,T
8F20 Tet. T Tet., Aro. T,G,S
Tet.,
1BNA  Tet., Aro S, T Aro.,Sch G,A

Pt(I) kompleksi
Doking Esnek Doking
Etkilegtigi Olusan  Etkilestigi Olusan
alan Bag alan Bag
Aro.,Pt(IT) AG -
Sch. G,T Sch., Aro. T,G
Aro. T Tet., Aro. S, T
Tet.,
Aro.,Pt(I) G,AT Aro..Sch. AT

Tet: tetrazol, Aro: Alt1 karbonlu aromatik halka, Sch: Schiff bazi. A: Adenin, G: Guanin, T: Timin, S: Sitozin

Sunulan bu arastirma ile hem tetrazolato ligandinin
hem de onun Pt(I) kompleksinin DNA ile etkilesimi ve
kompleksteki Pt(II) iyonunun ligant ile koordinasyonu
sonucunda olugan yik dagiliminin muhtemel
etkilegimleri incelenmigtir. Hem doking skorlari hem
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de Pt(II) iyonu ve DNA yapilarina ait bazlar
arasindaki mesafenin 6l¢iimii sonucunda elde edilen
veriler, 8F2Y, 8F2W, 8F20, 1BNA kodlu DNA’lar ile
ligandin elektron verici atomlarinin kovalent etkilesim
gosterebilecek kadar yakinlagtigini ortaya
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koymaktadir. Doking calismalari sonucu DNA ve
tetrazolato ligandi ile onun Pt(I) kompleksinin
etkilestigi bazlar ve bu etkilesimin olustugu kimyasal
gruplar Cizelge 6'da verilmigtir. Esnek doking sonrasi
1BNA ve 8F20 kodlu DNA’larda Pt(II) iyonunun
adenin ve guanin ile yakinlastig1 belirlenmistir. Pt(II)
temelli ilaglarin DNA ile olan etkilesimlerini guanin ve
adenin ile yaptiklar: bilinmektedir (Hah ve ark., 2006).
Pt(II) temelli ilaclardan en eski ve sik kullanilan
cisplatinin ise sirasiyla guanin>adenin>sitozin ile
etkilestigi bilinmektedir (Alotaibi & Momen, 2019).
Schrédinger programa ile yapilan teorik ¢alisma bize
bu bazlarla hem ligandin hem de kompleksin
etkilestigini gbstermektedir.

Yapilan kaynak arastirmalari sonucunda hem tetrazol
hem de Schiff bazi iceren bir ligandin Pt(II)
kompleksinin c¢alisildign  bir arastirma olmadig:
goriilmiistiir. Bu  nedenle  Schiff bazi-Pt(II)
kompleksleri ve tetrazol iceren Pt(II) komplekslerin
DNA ile etkilesiminin nasil olabilecegi iizerine
arastirma yapilmigtir. Sunulan bu ¢alismadan elde
edilen tiim sonuclara gére (Cizelge 6) doking
calismalarinda liganttaki Schiff bazimin etkilesim
gostermedigi, ancak esnek doking c¢aligmalarinda
8F2W ve 1BNA’daki guanin, adenin ve timin ile
etkilesime girdigi belirlenmistir. Pt(I) kompleksi ile
koordine olan Schiff bazi ise 1BNA ve 8F2W kodlu
DNA’lardaki guanin, adenin ve timin ile etkilesmigtir.
Bu etkilesimler hem kovalent olmayan baglarla hem
de hidrofobik olarak gerceklesmistir. Bu calismada
elde edilen sonuglar, 2019 yilinda Deng ve
arkadaslarimin B-DNA ile Schiff baz1 iceren Pt(II)
komplekslerinin doking similasyonu tizerine olan
aragtirmalar1 ile yakinhk gostermektedir. Diger
yandan, bu calismanin sonuclari, buyik oluktaki
adenin ve timince zengin olan bdlgeye iyi uyum
sagladigimi gosterirken, Deng ve arkadaslarinin
sonuglarn  kic¢ik oluga iyi uyum sagladigini
gostermektedir (Deng ve ark., 2019). Yine benzer
baska bir arastirmada, Schiff bazi ve Pt(I)
kompleksinin 1BNA kodlu DNA ile etkilesimi
incelenmis ve kompleksin guanin, adenin ve sitozin ile
etkilestigi belirtilmigtir. Arastirmacilar 1BNA kodlu
DNA ile etkilesiminin bu arastirmada kullanilan
8F2W kodlu DNA’daki gibi interkalasyon yoluyla
olustugunu ifade etmiglerdir (Nemati ve ark., 2021).

Secilen ligandin yapisinda bulunan tetrazol, tim
doking c¢alismalarinda DNA ile en c¢ok etkilesen
molekiil olmustur. Pt(II) kompleksinde ise tetrazoliin
liganttaki kadar etkilesim géstermedigi belirlenmigtir.

Bu sonucun Pt(II) iyonunun liganda koordine
olmasindan dolay1 degisen yik dagilimindan
kaynaklandigi  diisiintilmektedir. 2018  yilinda

yayinlanmig olan bir arastirmada, tetrazol igeren
Pt(II) kompleksinin, elde ettigimiz sonuclardaki gibi
guanin, adenin ve timin ile etkilestigi gosterilmigtir.
Ancak bu aragtirmacilar 1BNA kodlu DNA ile
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etkilesimin sunulan calismanin aksine kiciik olukta
oldugunu belirtmislerdir (Protas ve ark., 2018). 1BNA
kodlu DNA ve tetrazol iceren bir ligandin etkilesiminin
molekiiler doking yontemi ile arastirildigr bagska bir
calismada ise tetrazoliin sadece timin ile etkilestigi
gosterilmistir. Bu sonuca benzer sonug¢, sunulan
calismada kullanmilan doért DNA’dan 8F20 kodlu
DNA’da goriilmiistiir (Arif ve ark., 2019).

Sunulan c¢alismada elde edilen doking skorlar:
kuvvetli etkilesimi gostermektedir (Cizelge 3).
Bilindigi gibi etkilesim skoru ne kadar negatifse o
kadar kuvvetli etkilesim olmaktadir (Sakthi & Ramu,
2017). Farkli baz dizilime sahip DNA yapilar ile
gerceklestirilen doking c¢alismasi hem tetrazolato
ligandi hem de onun Pt(II) kompleksinin tiim bazlarla
yakinlastigini ortaya koymaktadir. Esnek doking
skorlar: ise genel olarak hem tetrazolato ligandi hem
de onun Pt(IT) kompleksi icin artmigtir. Pt(II) iyonu ile
kovalent etkilesimin tespit edildigi 8F2Y ve 1BNA
kodlu DNA’larda skorlar sirasiyla -8.077, -9.742 kcal
mol! olarak en yiiksek degerlere ulagsmistir. Ancak
Pt(II) kompleksine ait baglanma skorlarinin
tetrazolato ligandi skorlarindan disuk oldugu
goriilmektedir. Bu diisiis, yapida Pt(ID) iyonu
olmasindan  kaynaklanmaktadir. Bilindigi gibi
Schrodinger programi yapilar arasinda kovalent
olmayan baglar1 belirlemekte, kovalent baglar1
belirleyememektedir. Pt(II) iyonunun DNA ile
muhtemelen kovalent baglarla etkilestigi
bilinmektedir. 8F20 ve 1BNA kodlu DNA’lar ile
gerceklestirilen doking calismasinda Pt(ID)
kompleksinin guanin ve adenin ile yakinlastig:
olciimler ile belirlenmistir (Sekil 7-C, Sekil 8-C).
Ol¢timler kovalent etkilesimin olusma ihtimalinin

yuksekligini gostermektedir. Doking skoru
hesaplanmasina katilamayan olasi  kovalent
baglardan  dolayr  hesaplanan skorda  diisus
olmaktadir. Diiglis olmasina ragmen yine de yiiksek
skorlar elde edilmistir. Bu sonuclar Pt(II)
kompleksinin DNA ile kuvvetli etkilesim icinde

oldugunu gostermektedir.

Kaynaklardan elde edilen verilerde Schiff bazi ve
tetrazol iceren ligant ve onun Pt(II) kompleksinin DNA
ile etkilesimde oldugu gorilmektedir. Etkilesim
bicimleri kimyasal ¢evrenin farklihklarina gore
degisse de tetrazolato ligandinin da benzer etkilegimi
gosterdigi anlasilmaktadir. Toksik etkinin disik
olabilecegi &éngoriillen Pt(II) kompleksinin DNA ile
etkilestigi ve bu etkilesimin ylksek affiniteye sahip
oldugu Schrodinger programinca belirlenmistir. Bu
yorum sentez ve preklinik calismalar i¢in uygun
yapilar oldugunu gostermektedir.

Bilgisayara dayali ila¢ tasarim c¢alismalarinda
geligtirilen yaklagimlar, bu alandaki zaman ve maliyet
gibi engelleri gidermede biyik 6nem tagimaktadir.
Molekiiler doking de bu ara¢lardan biridir. Sunulan bu
calismada  Schrodinger programi  kullanilarak,
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tasarlanmis olan ligant ve kompleksin farklh baz
dizilimlerine sahip DNA’lar ile olan etkilesimi
arastirilmigtir. Ele alinan ligant ve kompleksin
molekiiler doking araciligi ile 6n degerlendirilmesi,
sentez sirasinda kullanilacak  kimyasallarin,
iglemlerin, zaman ve maliyetin azaltilmasinda oldukga
onemlidir ve ginimiuzdeki “strdurulebilirlik”, ‘yesil
mutabakat’ ve “yesil kimya” yaklagimlarina da
uygundur. Bulgular, tartisma kisminda bahsi gegen
bilimsel yaymlarda da belirtildigi gibi Pt(II)
kompleksinin DNA yapilarina yuksek affinitesi
oldugunu ve kovalent, kovalent olmayan ve hidrofobik
etkilesimlerinin meydana geldigini goéstermektedir.
Dort farkli baz dizilimine sahip DNA yapilar: ile
tekrarlanan bu calismada Dbirbirini destekleyen ve
kaynaklarla uyumlu olan verilerin elde edilmis
olmasinin  ileri  seviye  preklinik  giivenlilik
calismalarina 151k tutabilecegi 6ngorilmektedir.

TESEKKUR

Gazi Universitesine Schrodinger programina erigim
imkanm sundugu i¢in tesekkiir ederiz. Yiiksekogretim
Kurulu'na  “Molekiler  Farmakoloji  ve Hag:
Aragtirmalar1”” o6ncelikli alan1 kapsaminda Fatma
OKUS’a 100/2000 YOK Doktora Bursu destegi icin
tesekkir ederiz.

Aragtirmacilarin katk: orani beyani

Bu calisma Fatma OKUSun doktora tezinin bir
b6limiini kapsamaktadir. Diger yazarlar ¢aligmaya
esit oranda katki saglamis olduklarini beyan ederler.

Cikar catigmasi beyani

Makale yazarlar1 aralarinda herhangi bir ¢kar

catismasi olmadigini beyan ederler.
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ABSTRACT

Seed morphologies of 14 Cuscuta taxa from Turkey were examined by
light (LM) and scanning electron microscopy (SEM). Seed shapes, sizes,
epidermal cell shapes, anticlinal/periclinal cell walls and surface
patterns of macro and micro morphological features were determined.
Seed epidermis cell shapes were generally either irregular or polygonal.
The surface pattern was mostly reticulate. This research revealed that
Cuscuta species in Turkey have different seed morphologies. The results
obtained will aid in the taxonomic evaluation of morphologically closely
related species.
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Cuscuta L.'nin (Convolvulaceae) Tiirkiye'deki tohum morfolojisi ve sistematik énemi

OZET

Tiirkiye'den 14 Cuscuta taksonunun tohum morfolojisi, 151k (LM) ve
taramali elektron mikroskobu (SEM) ile incelenmistir. Makro ve mikro
morfolojik 6zelliklere ait tohum sekilleri, boyutlari, epidermal hiicre
sekilleri, antiklinal/periklinal hiicre duvarlari ve ylzey desenleri
belirlendi. Tohum epidermisi hiicre sekilleri genellikle ya duzensizdir
yva da c¢okgendir. Yiizey deseni ¢ogunlukla retikulattir. Bu arastirma,
Turkiye’deki Cuscuta turlerinin farkli tohum morfolojilerine sahip
oldugunu ortaya koymustur. Elde edilen sonuclar, morfolojik olarak
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INTRODUCTION intraspecific and interspecific levels (Kubitzki et al.
Seed micromorphology presents various 2013). The relevance of scanning electron microscopy

characteristics that demonstrate the relevance of seed
shape in phylogenetic, evolutionary, and species
identification. (Attar et al. 2007; Johnson et al. 2004;
Rashid et al. 2021;). Most systematists believe that
data on seed macrostructure and microstructure are
critical for classifying angiosperm species (Khalik
2006). Taxa can be distinguished by differences in
seed form, size, and testa ornamentation. (Aniszewski
2001; Karaismailoglu 2022). Seed traits are less
impacted by environmental factors, and so frequently
represent genetic variations(2005 Hassan et al). The
seed surface and cell shape are important
differentiating  characteristics at  both  the

in investigating systemic difficulties, as well as
providing highly significant information, has been
demonstrated (Seggara and Mateu 2001; Bobrov et al.
2004; Hassan et al. 2005). Dodders (Cuscuta sp.) are
keystone species in their natural ecosystems
impacting the diversity, structure and dynamics of
plant communities (Press and Phoenix 2005). There
are about 200 species belonging to the genus Cuscuta
L. worldwide (Stefanovi¢é and Olmstead 2004).
Although 15-20 of these species cause problems in
agricultural areas (Dawson et al. 1994), some
narrowly distributed species need to be protected
(Costea and Stefanovic 2009). Cuscuta parasitic
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plants lack some vegetative organs (roots, leaves,
etc). This often creates problems in their
identification (Demir et al. 2017). Therefore, seed
micromorphological features can contribute to the
solution of this problem.

The Cuscutaceae family has a variety of seed
characters. These can play an important role in the
evaluation of taxonomic decisions. (Khalik 2006;
Costea et al. 2005). The studies on the seed
morphology of this genus are few so far, and these
studies are generally limited to a few species.
Investigating the morphological and anatomical
diversity of seeds will also be important for the
systematics of Cuscuta due to the paucity of available
morphological characters carrying a phylogenetic
signal in this genus. Therefore, Cuscuta seeds with a
larger taxonomic sampling are required to provide a
comprehensive data source (Olszewski et al. 2020).

Table 1 Table 1 List of examined taxa
Cizelge 1. Incelenen taksonlarin listesi

Studies have been carried out for a taxonomic
explanation of Cuscuta taxa in Turkey (Demir et al.
2020; Demir et al. 2017; Keskin et al 2017; Kaya et al.
2018; Tasar et al. 2022). This study was conducted to
investigate the morphological and anatomical
diversity of Cuscuta seeds, and to discuss and
contribute to the importance of the genus in terms of
taxonomy.

MATERIAL ve METHOD
Collection of seed samples

Seeds were collected from mature plants distributed
in different localities of Turkey between 2013 and
2021 (except Cuscuta kotshyana). Plant samples
taken from their natural environment were identified
and only mature seeds were used for research (Table

1.

Takson Collecting site (Turkey) Voucher No
C. hyalina Roth Bitlis- Hizan I.D 2101
C.campestris Mardin- Kiziltepe I.D 1755
¢ {)aby lonica var: Malatya- Venk Hill I.D 1780
babylonica .
C. babylonica var. elegans Van- Erek Mountain LD 2103
C approximata Van-Hosap LD 1778
’ Manisa-Spil Mountain 1.D 1807
C. epithymum Erzurum I.D 1795
C. brevistyla Bitlis- Hizan 1D 1786
C. planiflora Izmir-Bornova I.D 1796
C. kotshyana Cumbhuriyet University Herbarium (CUFH) -
C. europae Bitlis- Hizan I.D 1993
C. palaestina Van- Gurpinar 1.D 2095
C. kurdica Hakkari- Cilo Mountain LD 1812
C. lupuliformis Hakkari- Zap Valley I.D 1767
C. monogyna Mus- Mercimekkale 1.D 2108

Light microscopy

The light microscope was used for the measurements
of the seeds. For this purpose, 5-10 mature seeds for
each taxon were measured in Leica EZ4D brand
stereo microscope, and the minimum, average and
maximum values of the measurements were
calculated (Table 2).

Scanning electron microscopy

SEM was performed on dried seeds. The seed samples
were then put directly on stapes using adhesive tape.
The samples were gold-palladium coated before being
studied by SEM (Model ZEISS Sigma 300). Each seed
sample was assessed for diagnostic seed traits such as
seed form, surface structure, and testa properties
(epidermal cells, anticlinal and periclinal wall
pattern) using terminology from prior studies
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(Bojnansky & Fargasova 2007).

RESULTS and DISCUSSION
Seed shape

Grammica and Cuscuta subgenus are elliptic or
circiular, while Monogynella (C. Iupuliformis, C.
monogyna) is ovoid.

Seed size

Seed sizes in the examined taxa vary greatly. The
species with the largest seed diameters are C.
lupuliformis and C. monogyna (26-31 x 16-25 and 23-
26 x 16-21 mm). Those with the smallest seed sizes;
C planiflora (4-6 x 4-5), C. palaestina, C.
approximata (5-6 x 4-5) and C. kurdica (5-7 x 5-6).
The rest have slightly larger seeds (6-12 x 5-12 mm).
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Seed coat surface

The epidermal cell shapes and anticlinal wall
boundaries possess a significant position in the
systematics of taxa (Rashid et al. 2021). C
campestris, C. kotschyana, C. kurdica, C. brevistyla,
C. planiflora and C approximata (1807) have
Isodiametric  (4-5-6-polygonal) cell shapes, C.
monogyna, Cuscuta lupuliformis and C. approximata
(1178) Irregular to elongate in one direction, others
have irregular polygonal epidermis cell shapes.

C. kotschyana, C. brevistyla and C. monogyna have
channel shape, C. approximata, C. babylonica var.
elegans, C. europae, C. palaestina, C. lupuliformis
and C. monogyna species have raised-channeled
others have raised anticlinal cell wall structure.

The periclinal cell walls of the majority of the species
are convex or concav-shaped, C. kotschyana and C.
kurdica flat, C. babylonica var. elegans, C. palaestina
and C. lupuliformis concave to convex.

C. kotschyana, C. brevisyla and C. monogyna are

rugose, C. approximata and C. palaestina are rugose-
reticulate, C. lupuliformis is rugose-ruminate, others
are reticulate.

This research revealed that the genus Cuscuta has a
diverse seed morphology. The genus Cuscuta was
divided into 3 subgenus by Yuncker (1932) and
Engelmann (1859), especially according to their stylus
and stigma shapes. These; Grammica, Cuscuta and
Monogynella.

Although the Cuscuta and Grammica subgenus are
quite different in macro morphology, they show
similar seed morphology characteristics (with the
exception of some species such as C. kotschyana).
However, the seed characteristics of the Monogynella
subgenus (C. monogyna and C. lupuliformis) are quite
different from them. This difference has also been
demonstrated in other previous morphological
(Wright et al. 2011; Riviere et al. 2013) and DNA
sequences (Costea et al. 2015) and karyological
analysis studies (Tasar et al. 2022).

amm—

Figurel. Scanning electron microscope (SEM) micrographs of seed characters in Cuscuta. A= C. hyalina, B= C.
campestris (1752); C= C. campestris (1755), D= C. babylonica (D1, D2= var. babylonica; D3, D4= var.
elegans), E= C. approximata (E1, E2= 1178 E3, E4=1807), F= C. epithymum

Sekil 1. Cuscuta'daki tohum karakterlerinin taramali elektron mikroskobu (SEM) mikrograflar:. A= C. hyalina,
B= C. campestris (1752); C= C. campestris (1755), D= C. babylonica (D1, D2= var. babylonica; D3, D4=
var. elegans), E= C.yaklasim (F1, E2= 1178 E3, E4=1807), F= C. epithymum
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Figurel. Scanning electron microscope (SEM) micrographs of seed characters in Cuscuta. G= C. brevistyla, H= C.
planiflora, I= C. kotschyana, J= C. europae, K= C. palaestina, L= C. kurdica, M= C. lupuliformis, N= C.

Monogyna

Sekil 1. Cuscuta'daki tohum karakterlerinin taramali elektron mikroskobu (SEM) mikrograflari. G= C.
brevistyla, H= C. planiflora, I= C. kotschyana, J= C. europae, K= C. palaestina, L= C. kurdica, M= C.

ITupuliformis, N= C. monogyna

C. campestris is a cosmopolitan species widely
distributed throughout the world. Many species show
close macro morphological similarity to this species
(Yuncker 1932). Therefore, the seed morphology
characteristics of this species may be an important
taxonomic character that distinguishes it from other
species.

Cuscuta subgenus 1s divided into FEpistigma,
Babylonicae and Cuscuta sections (Costea et al.
2015). The Sect. Epistigma is distinguished from
other sections by the indistinct stylus. The seed
characteristics of C. kotshyana found in this section
also showed obvious differences compared to the
others.

Sect. Babylonicae is easily distinguished from the
others with its truncated calyx. The only species
included in this section is C. babylonica. However,
there are not enough macro morphological characters
to distinguish the varieties of this species (var.
babylonica and var. elegans) (Yuncker, 1972). In this
study revealed that C. babylonica var. babylonica and
C. babylonica var. elegans have different anticlinal
and periclinal cell walls.

544

Sect. Cuscuta is the group with the most taxa and
also the most taxonomically problematic group.
Because most of the members of this section have
very close flower characters to each other and it is
often very difficult to distinguish them from each
other.

C. kurdica, C. palaestina and C. europaea species are
distinguished from the others by “flowers usually 4-
merous” feature (Plitman 1978). These three species
are macro morphologically very close to each other.
However, in this study, it was revealed that the seed
micro morphological characteristics were different
(Fig 2).

Another group in the sect. Cuscuta, which are very
close to each other, is C. approximata, C. brevistyla,
C. epithymum and C. planiflora. Cuscuta
approximata causes significant economic losses by
causing parasitism in alfalfa. This species also has
other wild plant hosts in nature. In this study, the
sample taken from agricultural fields (sample no
1778) showed obvious seed morphological differences
from that taken in the wild (sample no 1807) (Figl,
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Table 2). It was concluded that Cuscuta approximata
should be re-evaluated taxonomically.

Species in the subgenus Monogynella have the largest
seed sizes. Seeds of subg. Monogynella, exhibit the
likely ancestral epidermis type consisting of elongated
and interlocked cells, which are morphologically
invariant and uninfluenced (Olszewski et al. 2020).
The species in this group (C. lupuliformis and C.

monogyna) have very similar flower structures,
although their hosts are different. Their flowers differ
from each other only by the size of the staminal
bracts. However, the micromorphological features of
these species vary. For example, pollen
characteristics (Demir et al. 2017) differ markedly.
Again in this study, there are differences between
seed characteristics.

Table 2 SEM and LM results of seed morphological characteristics
Cizelge 2. Tohum morfolojik ozelliklerinin SEM ve LM sonuglari

. Seed Anticlinal cell wall Periclinal ~ Surface
Taxon Seed Seed size epidermis cell cell wall pattern
shape (mm shape
Cuscuta E 810 x 57 Tr-pol: R-S Con Rt
hyalina
Cuscuta E 10-12 x 8- Iso,5-pol R-S
. Con Rt
campestris 10
Cuscuta E i i Iso,5-pol R-S
kotschyana T10x 58 F Rg
Ir-pol R-S
Cuscuta C 6-8 x 5-7 Con Rt
babylonica
Cucuta Ir-pol Con -
babylonica (0] 7-9x 5-7 Re-S Rt
Convx
var. elegans
Cuscuta ¢ 7-9x 6-7 Tr-pol Re-S Con Rt
europaea
Cuscgta C 57 x 56 Iso,4-5-pol R-S F Rt
kurdica
Cuscut'a C 56 x 4°5 Ir-pol Re-S Con - Rt-Rg
palaestina Convx
Cuscuta E 7-8x 56 Tr-pol R-S Con Rt
epithymum
Cuscuta C-E g12x6-8  1s045pol Ch-S Convx Rg
brevistyla
Cusquta C 4-6 x 4-5 Is0,5-6-pol R-S Con Rt
planiflora
Cuscuta Iso0,4-5-pol Rt
approximata E 5-6 x 4-5 R-S Con
(1807)
Cuscuta Ir-el
approximata C-0 8-9x 5-7 Ch-S Convx Rg
(1178)
Cuscuta 26-31x16- Ir-el Con -
ITupuliformis 0 25 R-Ch-S Convx Rt-Rg
Cuscuta 0 23-26x16- Ir-el R-Ch-S Convx Re
monogyna 21

E: Elliptice, C: Circular, O: Ovoid,
Ir-pol: Irregular polygonal, Iso: Isodiametric, 5-pol, Ir-el: Irregular to elongate

R: Raised, S: straight to slightly sinuous, R: Raised, Re: Raised-channeled, Ch: channeled
Con: Concave, F: Flat, Conx: Convex

Rt: Reticulate, Rg: Rugose
CONCLUSION

Recent studies in Turkey (pollen, molecular etc.) have
contributed to the taxonomic evaluation of Cuscuta L.
In this study, the seed morphologies of some taxa

belonging to the genus Cuscuta collected from Turkey
were revealed. It is also the first study from Turkey.
There are very few studies on the seed morphology of
this genus. Many species have not been evaluated in
these studies. The seed morphologies of species such
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as C. kurdica, C. palaestina were revealed for the first
time. The results contributed to the distinguishing of
species with similar characteristics in Turkey. Also, it
is the most comprehensive study revealing the seed
morphology of this genus.
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OZET Botanik

Bu c¢alismada Marmara, Ege ve Akdeniz bdélgelerinde Pistacia

eurycarpa Yalt. turtinin baz1 morfolojik 6zellikleri ve yeni yayilig Aragtirma Makalesi
alanlari verilmistir. Pistacia L. cinsine ait olan P. eurycarpa'nin, sadece

Dogu ve Giineydogu Anadolu bélgelerinde Bitlis, Mardin ve Hakkari Makale Tarihgesi

illerinde yayilisinin oldugu bilinmekteyken, bu c¢alisma ile 2. Gelig Tarihi  : 08.08.2023

eurycarpa’nmin Akdeniz, Ege ve Marmara bolgelerinde yayilisinin oldugu
belirlenmigtir. Calismada toplanan 6rneklerin yaprak uzunluklarinin
75-193 mm arasinda oldugu, yaprak genigliklerinin ise 60-140 mm

Kabul Tarithi :19.10.2023

Anahtar Kelimeler

arasinda degisiklik gosterdigi, terminal yaprake¢ik uzunluklarimin 40 ile Pistacia

80 mm arasinda, genigliklerinin ise 15-31 mm arasinda degistigi, P. eurycarpa
yaprak cifti sayisinin ise 1-4 arasinda oldugu belirlenmistir. Bu Taksonomi
calismada P. eurycarpa turinin yeni yayilis alanlar1 ve morfolojik Yayilis alani

ozellikleri tamimlanmagtar.

Some morphological characteristics and new distribution areas of Pistacia eurycarpa Yalt.
(Anacardiaceae) species

ABSTRACT

In this study, some morphological characteristics and new distribution
areas of Pistacia eurycarpa Yalt. species in the Marmara, Aegean and
Mediterranean regions are given. While it is known that P. eurycarpa,
which belongs to Prstacia L. genus, has spread only in Bitlis, Mardin,
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and Hakkari provinces in the Eastern and Southeastern Anatolia iszives :08'08'2023
regions, it has been determined that P. eurycarpa also spread in the Accepted BN0207:3
Mediterranean, Aegean, and Marmara regions. The samples collected in Keywords

the study were between 75-193 mm of leaf lengths, leaf widths vary Pistacia

between 60-140 mm, terminal leaflet lengths between 40 and 80 mm, P. eurycarpa

width between 15-31 mm, the number of leaf pairs was between 1-4 Taxonomy

determined. Furthermore, it was determined that the width of the
leaves varied between 15-31 mm, and the number of leaf pairs was
between 1-4. In this study, new spread of the P. eurycarpa species and
its morphological properties were defined.

Distribution area

Ataf Sekli: Yilmaz, A., Ozuslu, E., Sarpkaya, K. & Tel, A.Z., (2023). Pistacia eurycarpa Yalt. (Anacardiaceae) tiirinin
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GIRIS bendek isimleri ile bilinen P. eurycarpa yar1 kurak ve

kurak bolgelerde tashk ve kayalik yamaclarda,
meselik alanlarda, tarla ve bahce kenarlarinda 1100-
1800 m. arasinda yetigen, bilesik yapraklara sahip,
yaprak doken, farkli erkek ve disi ¢igek yapisina
sahip, dioik bir agac tiridiir (Yaltirnk, 1967a). P.
eurycarpa, P. atlantica Desf. turine taksonomik

Pistacia L. cinsi dinyada on tig, Tirkiye'de alt1 tur ile
temsil edilmektedir. Bunlar; P. Jentiscus L., P.
atlantica Desf., P. eurycarpa Yalt., P. khinjuk Stocks,
P. vera L. ve P. terebinthus L. tirleridir (Davis,
1972). Bu tiirler icerisinde buttum, melengic ve
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bakimdan ¢ok yakin olan Anacardiaceae familyasina
ait bir tirdiir (Kafkas & Perl-Treves, 2001; Kafkas ve
ark., 2002; Al-Saghir & Porter, 2012; Amara ve ark.,
2020; Oguz & Oguz, 2022; Yilmaz ve ark., 2023).

Pistacia turlerinin govdesi, sakiz re¢inesi olan mastik
sakizi adi verilen karakteristik bir salg1 Uretir
(Demirci ve ark., 2001). P  eurycarpanin
re¢inesindeki esansiyel yaglarin, yara enfeksiyonlari
ve cilt hastaliklar1 ile iligkili mikroorganizmalar:
inhibe ettigi belirlenmistir (Demirci ve ark., 2001).
Ayrica, P. eurycarpanin ihtiva ettigi yaglardan sabun
imal edilmektedir (Kordali ve ark., 2003; Alma ve
ark., 2001).

P. eurycarpa, kserofit bir tur olup dinyada yaygin
olarak Tirkiye, Suriye, Liibnan, Urdiin, Kuzey Irak,
Ermenistan, Iran, Afganistan ve Pakistan1 kapsayan
bolgede yayilis gostermekte olup Iran-Turan
fitocografik bolge elementidir (Yaltirik, 1967; 1967a;
1967b; Atli ve ark., 1999; Al-Saghir & Porter, 2012).
Bu takson ilk olarak P. atlanticanin bir varyetesi
olan Pistacia atlantica var. kurdica Zohary olarak
tanimlanmistir (Zohary, 1952). Yaltink (1967a;
1967b) ise bu tiirii farklh bir tiir olarak
degerlendirmistir. Kafkas ve Perl-Treves (2001), P.
atlantica and P. eurycarpa’yl yakin iki tiir olarak
tanimlamislardir. Basrila ve ark. (2003) yaptig1
calismada P. eurycarpanin kromozom sayisini 2n=30
olarak bulmustur.

Pistacia cinsinin  taksonomisinde karigsikliklar
bulunmaktadir  (Al-Saghir &  Porter, 2012).
Turkiye'deki Pistacia tirlerinin simiflandirmasina
yonelik yapilan calismada, Zohary (1952)nin P.
atlantica var. kurdica olarak tanimladigi bitkiler
Yaltirik tarafindan P. eurycarpa adinda yeni bir tir
olarak tamimlanmigs ve P. eurycarpa turinin P.
atlantica tirunden esas olarak yaprak ve meyve
ozellikleri  bakimindan farkli  oldugunu ileri
siirmistir (Yaltirik,1967a; Yaltirik,1967b).

Turkiye Florasinda P. eurycarpanin sadece Dogu ve
Guneydogu Anadolu bélgelerinden Bitlis, Mardin ve
Hakkari illerinde kaydi bulunmaktadir (Yaltirik,
1967; 1967a; 1967b). Ancak, yaptigimiz calismada
Turkiye'de farkli bolgelerde de bu tiriin yayiliginin
bulundugu tespit edilmigtir. Bu c¢alisma ile P,
eurycarpa Yalt’min Akdeniz, Ege ve Marmara
boélgelerindeki yayilisi ve taksonomisinde kullanilan
morfolojik ozelliklerinin belirlenmesi
amaclanmaktadir.

MATERYAL ve METOD
Ornekleme Yontemi

Calismanin materyalini Tirkiye'nin Marmara, Ege ve
Akdeniz bolgelerinde yer alan Mersin, Izmir, Aydin,
Denizli, Manisa, Canakkale ve Balikesir illerinden
2014 yilinda toplanan toplam 62 Pistacia oOrnegi
olusturmaktadir. Bitki érnekleri agaglarin meyvede
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oldugu doénemde toplanmigtir. Toplanan o6rneklerin
581nin teghisi yapilmistir. 4’4 yetersiz numune
oldugundan teshisleri yapilamamis ve c¢alisma
icerisinde degerlendirilmemisgtir.

Istatistik Analizler

Toplanan bitki érnekleri herbaryum teknigine uygun
olarak kurutulmus ve herbaryum materyali haline
getirilmistir. Bitkiler Yaltink (1967a), Yaltirk
(1967b), Anonim (1998) ve Al-Saghir ve Porter
(2012)’den yararlanilarak teshis edilmistir. Toplanan
bitki ornekleri yaprak ve meyve &l¢cim degerlerine
gére JMP 14.1 Istatistik Analiz Programi ile Cluster
(kiimeleme) analizine tabi tutulmus ve dendogram
olusturulmusgtur. Turlerin Turkiye'deki yayiliginin
daha kolay izlenebilmesi i¢cin Davis (1972)'in énerdigi
grid sistemi kullanmilmigtir. Bitki isimleri verilirken
Tirkiye Damarl Bitkiler Listesi (Giiner ve ark.,
2012), Uluslararas: Bitki Isimleri Indeksi (Anonim,
2023a), Anonim (2023b) ve Anonim (2023c)ye gore
kabul edilenler kullanilmistir. Calismada toplanan
bitki 6rneklerinin yaprak uzunlugu, yaprak genigligi,
yaprakeik cifti sayisi, yaprakeik uzunlugu, genisligi,
yaprak ucu, yaprak kanat durumu ve meyve ol¢ileri
cetvel ve kumpas ile o6l¢ilmustir. Bitki o6rnekleri
Antepfistign  Arastirma Enstitisi Mudurluginde
muhafaza edilmektedir.

BULGULAR ve TARTISMA

Pistacia tiirlerinin taksonomisinde yaprak ana damar
baglantilari, yaprake¢ik buytklik ve sekli, yaprakeik
¢ifti sayisi, terminal yaprak¢iginin olmasi veya
olmamasi, yaprakcik ucu sekli, meyve buyukluga ve
sekli gibi morfolojik karakterler kullanilmaktadir
(Zohary, 1952; 1987; Yaltirik, 1967; 1967a; 1967b;
Kafkas & Perl- Treves, 2001). Yaltink (1967a),
Zohary (1952)'nin P. atlantica var. kurdica olarak
tamimladigi bitkileri P. eurycarpa adiyla yeni bir tiir
olarak tanimlanmis ve bu iki taksonun esas olarak
yaprak ve meyve ozellikleri bakimindan birbirinden
farkli oldugunu aciklamigtir (Yaltirik, 1967a). P.
eurycarpa, yari kurak ve kurak bolgelerde tashk ve
kayalhk yamacglarda, meselik alanlarda, tarla ve
bahge kenarlarinda 1100-1800 m. arasinda yetisen, 5
metreye kadar boylanabilen, bilegik yapraklara sahip,
yvaprak doken, farkli erkek ve disi ¢igek yapisina
sahip, dioik bir aga¢ turudir. Geng sturgiinler ¢iplak,
kirmizimsi1 esmer renklidir. Daha sonra agik kil
rengine doéner. Cok sayidaki tomurcuk pullar
tuystizdir. Tek tiysi yapraklar kigin dokilir,
¢igeklenme Mayis-Haziran aylarinda gercgeklegir
(Yaltirik, 1967a).

Akdeniz, Ege ve Marmara bélgelerinde yaptigimiz
arastirmalar sirasinda 62 bitki 6rneginden yaprak ve
meyve oOrnekleri alinmistir. Bu ornekler igerisinde
toplam 9 6rnegin P. eurycarpa oldugu belirlenmisgtir.
P. eurycarpa olarak tanimlanan 6rneklerin toplandigi
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iller ve belirlenen tiir sayilar:1 Cizelge 1’de verilmigtir.

Pistacia tirlerinin taksonomisinde yaprak ana damar
baglantilari, yaprake¢ik biytklik ve sekli, yaprakeik
¢ifti sayisi, terminal yaprak¢iginin olmasi veya
olmamasi, yaprakcik ucu sekli, meyve buyuklugi ve
sekli gibi morfolojik karakterler kullanilmaktadir
(Zohary, 1952; 1987; Yaltirik, 1967 a; 1967 b; Kafkas

uzunlugunun 75-193 mm arasinda degistigi, yaprak
genigliklerinin  60-140 mm oldugu belirlenmigtir
(Cizelge 2). Orneklere ait yapraklarda terminal
yaprakcigin uzunluk ve geniglikleri de o6lgtilmustiir.
Yapilan degerlendirmeler sonucunda 6rneklerin
terminal yaprakg¢ik uzunluklarinin 40 ile 80 mm
arasinda, genigliklerinin ise 15-31 mm arasinda,

& Perl-Treves, 2001). yaprak c¢ifti sayisinin  ise 1-4 ¢ift oldugu
R . ) e gozlemlenmistir (Cizelge 2; Sekil 1).
Yaprak oOlgimlerine gore 9 Ornegin yaprak
Cizelge 1. Toplanan 6rnek sayis1 ve P.eurycarpanin illere gore dagilimi
Table 1. Number of samples collected and the distribution of P. eurycarpa by provinces
il Ornek Sayis1 Tir Sayis1
(Province) (Number of samples) (Species number)
Mersin 16 2
Denizli 5 1
Aydin 14 1
Izmir 11 3
Manisa 6 1
Canakkale 3 0
Balikesir 3 1
Toplam 58 9
Cizelge 2. P. eurycarpanin yaprak élgiim degerleri
Table 2. Leaf measurement values of P. eurycarpa
Ornegin Ornek Yaprak  Yaprak Terminal Terminal  Bilesik Meyve Meyve
Toplandigi No Uzunluk Geniglik Yaprakegk Yaprakcik Yaprak Uzunlugu  Genisl
il (Number (mm) (mm) Uzunluk Geniglik  Cifti Sayis1  (mm) igi
(Province) of (Leaf (Leaf (cm) (cm) (Adet) (Fruit (mm)
Smaples) Lenght  Width (Terminal (Terminal (Number of Lenght (Fruit
(mm)) (mm)) Leaflet Leaflet Leaf pairs (mm)) Width
Lenght Width (Piece)) (mm))
(cm)) (cm))
Mersin 21 99 60 42 15 1 6.4 7.1
Mersin 50 75 66 40 20 1 7.4 7.5
Izmir 11 193 140 80 31 3 7.0 7.2
Izmir 25 122 108 55 16 3 6.4 7.3
Izmir 26 128 92 59 20 3 8.0 7.9
Manisa 7 148 105 49 22 4 7.1 7.0
Denizli 2 124 133 70 23 3 8.0 8.1
Aydin 22 153 109 62 21 3 7.9 8.1
Balikesir 57 125 95 42 21 3 7.1 7.6
Yapilan c¢alismada, P. eurycarpa orneklerinin Bitki 6rneklerine ait meyvelerin uzunluk ve geniglik
hepsinin  bilesik yaprak tipinde oldugu ve O6lcimleri de yapilmistir. Meyve Ol¢limlerinin
yapraklarinda terminal yaprakcigin bulundugu, sonucuna gore orneklerin meyve uzunluklarinin 6-8
yapraklardaki  terminal  yaprakciklarmn  tiim mm ve genigliginin ise 7-8,1 mm arasinda degisiklik
orneklerde yan yapraklardan Dbiyik oldugu gosterdigi ve meyvelerin boylarinin eninden daha

belirlenmigtir. Terminal yaprakcgik seklinin 2, 22, 25,
50 ve 57 nolu orneklerde dar eliptik, 7, 11, 21 ve 26
nolu orneklerde yumurtamsi-dikdértgenimsi sekilde
oldugu tespit edilmigtir. Yaprak¢iklarin her iki yiizi
de ¢iplak, baz1 yaprake¢iklarin kenar: hafif kirpiklidir.
Yaprak orta damarinin iki tarafinda bazen bir kanat
bulunur.
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kisa oldugu belirlenmistir (Cizelge 2). Meyvelerin
genig-yumurtamsi1 veya basit-kliremsi, uzunlugunun
genigliginden kisa veya esit oldugu, biitiin 6rneklere
ait meyvelerin dig kabugunun kivamliliginin sulu
oldugu, dis kabuk purtzliliginin ise ags1 seklinde
oldugu belirlenmigtir. Baglangicta sari-pembe olan
meyvelerin olgunlasinca zeytin yesili ve koyu yesil
renge dondiikleri belirlenmistir (Sekil 2; 3).
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Sekil 1. P. eurycarpa yapragi Sekil 2. P. eurycarpa’nin meyvesi
Figurel. The leaf of P. eurycarpa Figure 2. Fruits of P. eurycarpa

Sekil 3. P. eurycara (Karahayit, Denizli)
Figure 3. P. eurycarpa (Karahayit, Denizli)
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P. eurycarpanin Turkiye Florasinda sadece Dogu ve
Giineydogu Anadolu bolgelerinde Bitlis (Baykan,
Resadiye), Mardin, Hakkari (Zap Vadisi, Bagkale,
Semdinli Cukurca arasi) illerinde yayilist bulundugu
kaydedilmigtir. Tip o6rnegi Bitlis Humus Daginmin
giineyi olarak verilmigtir (Yaltink, 1967; 1967a;
1967b; Al-Shagir & Porter, 2012; Anonim, 2023d;
Anonim, 2023e). Akdeniz, Ege ve Marmara
bélgelerinde yaptigimiz bu calismada P. eurycarpa
tiirtiniin Mersin (Akdeniz); Izmir, Aydin, Denizli ve
Manisa (Ege) ve Balikesir (Marmara) illerinde
yayilisinin oldugu belirlenmistir (Cizelge 1; Sekil 4).

Al-Saghir ve Porter (2012) yaptiklar:1 calismada, P,
eurycarpanin yaprak ol¢ilerini 10.2-18.2 x 9.0-13.5
cm, Kafkas ve ark. (2002) 14.2-19.6x9.4-13.8 cm
olarak vermistir. Yaltink (1967a) yaprak é&lciilerini
vermemigtir. Bu calismada ise yaprak o&lgileri 7.5-
19.3x6-14 cm olarak 6l¢tilmustir. Al-Saghir ve Porter
(2012) yaptiklari calismada terminal yaprakecik
uzunlugu ve genigligini 5.2-8.0x2.5-4.0 cm, Yaltirik
(1967a) 5-8.5x2-5 cm, Kafkas ve ark. (2002) 4.6-
6.4x1.8-3.3 cm olarak belirtmistir. Bu ¢alismada ise
terminal yaprake¢igin uzunluk ve genigligi 4-8x1.5-3.1
cm olarak belirlenmistir.

Yaprakcik cifti sayisim Yaltirik (1967a) 2-3 cift, Al-
Saghir ve Porter (2012) 5-7 ¢ift, Kafkas ve ark. (2002)
1.8-2.8 ¢ift olarak vermigtir. Bu ¢alismada elde edilen
degerler ise 1-3(-4) olarak tespit edilmistir.

Meyve 6lciilerine bakildiginda Yaltirik (1967a) meyve
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olciimlerini 6-7x8-9 mm, Kafkas ve ark. (2002) 7.5-
12.7x7.5-11.0 mm olarak belirtmistir. Al-Saghir ve
Porter (2012) ise meyve ozelliklerini 7-8 mm olarak
vermigtir. Calismamizda elde edilen meyve uzunluk
ve genigligine iliskin degerler ise 6.4-8x7-8.1 mm
olarak belirlenmigtir.

Akdeniz, Ege ve Marmara bélgelerinde yaptigimiz
sorvey calismalariyla daha énce Dogu ve giineydogu
Anadolu boélgesinde yapilan calismalardaki yaprak,
terminal yaprake¢ik ve meyve olgiileri karsilagtirilmig
ve sonuglarin az da olsa farkli oldugu saptanmigtir

(Cizelge 3).

Cizelge 3. Bolgelere gore (Tiirkiyenin batisi ve dogusu) morfolojik 6zelliklerin karsilastirilmas:
Table 3. Comparison of morphological features by regions (west and east of Turkey)

Morfolojik 6zellik
(Morphological feature)

Akdeniz-Ege-Marmara
érnekleri (cm)
(Mediterranean- Aegean-

Dogu ve Giineydogu Al-Saghir ve Porter
ornekleri (Yaltink, (2012) 6rnekleri (cm)
1967a; 1967b) (cm)

Marmara samples) (Fast and Southeast
Anatolian samples)
(Yaltink, 1967a; 1967b)
(cm))
Yaprak uzunlugu (Leaf 7.5-19.3 10.2-18.2
Lenght)
Yaprak genisligi = (Leaf 6-14 9.0-13.5
Width)
Terminal yaprak 4-8 5-8.5 5.2-8.0
uzunlugu
(Terminal Leatlet Lenght)
Terminal yaprak 1.5-3.1 2-5 2.5-4.0
genigligi
(Terminal Leaflet
Width)
Yaprakeik ¢ifti sayisi 1-3 2-3 5-7
(Number  of  leaflet
pairs)
Meyve uzunlugu 6.4-8 6-7 7-8
(Fruit Lenght)
Meyve genigligi 7-8.1 8-9
(Fruit Width)
Pistacia tirleri arasinda genetik bariyer da farkhlik bulundugu belirlenmigtir. Dogu ve
bulunmadigindan cinsin  taksonomik akrabalik Giineydogu oOrneklerine nazaran Akdeniz, Ege ve

iligkileri oldukca tartismalidir (Al-Saghir & Porter,
2012). Diinya’da genis bir alana yayilmis olan P.
eurycarpa ekolojik kosullara uyum sagladigindan
morfolojik karakterleri ¢ok degigskendir. Bu da
Pistacia cinsinde oldugu gibi P. eurycarpa tirinin
taksonomisinde de karisikliga sebep olmaktadir
(Kafkas ve ark., 2001; Kafkas ve ark., 2002; Al-Saghir
& Porter, 2012; Amara ve ark., 2020).

P. eurycarpaya ait Dogu ve Guneydogu Anadolu
bélgesine ait populasyonlar Akdeniz, Ege ve Marmara
bolgesinde belirlenen populasyonlarla yaprak ve
meyve uzunlugu o6l¢gim degerleri bakimindan
kargilagtirildiginda Akdeniz, Ege ve Marmara
orneklerinde terminal yaprak¢ik uzunlugunun 4 cm
oldugu, Dogu ve Guneydogu bélgesindeki 6rneklerin
ise 5 cm oldugu belirlenmisgtir. Terminal yaprak
genigliginin Akdeniz, Ege ve Marmara o6rneklerinde
terminal yaprak¢ik uzunlugunun 1.5 cm oldugu,
Dogu ve Giineydogu bolgesindeki 6rneklerin ise 2 cm
oldugu, yaprakgeik ¢ifti ve meyve genigligi bakimindan
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Marmara bolgelerindeki bitki Orneklerinin daha
kii¢tik yapili oldugu gériilmuistiir.

P.  eurycarpanin morfolojik karakter o6lclilerine
yonelik Yaltink (1967a), Kafkas ve ark. (2002), Al-
Saghir ve Porter (2012) ve bu calismanin sonuclari
karsilagtirnldiginda yaprak, yaprakcik ve meyve
karakterleri olgiilerinin birbirinden farkli oldugu
belirlenmigtir ve tiiriin betimi yeniden yapilmistir.

Toplanan bitki o6rnekleri yaprak ve meyve olgim
degerlerine gore Cluster analizine tabi tutulmustur.
Cluster analizi sonucunda elde edilen dendogram
Sekil 5’te verilmigtir. Dendograma goére, incelenen
Pistacia eurycarpa populasyonunun genel anlamda
birbirine olduk¢a benzer bireylerden olustugu
anlagilmaktadir. Bununla birlikte Pistacia eurycarpa
genotipleri kendi aralarinda iki ana gruba
ayrilmigtir. Bu iki ana grupta kendi arasinda iki alt
gruba ayrildigi  belirlenmistir. Birinci grupta
Mersin21 genotipi tek bagina yer alirken; Izmir11,
Aydin22, birinci alt grubu, Manisa7 ve Balikesir57 ise
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diger alt grubu olusturmustur. Ikinci grup kendi
arasinda iki alt gruba ayrilirken, Denizli2 tek bagina
alt grup olusturmus Mersin50 ve Izmir25 genotipi de
farkll bir grup olusturmustur. Ikinci alt gruba giren
bu geneotipler Cluster analizi sonucuna gore
incelenen ozellikler agisindan ¢ok yiiksek benzerlik

yayilis gostermektedir. Bu calismayla P. eurycarpa
turinin Dogu ve Guneydogu Anadolu bélgelerinden
Turkiye'nin batisina dogru Akdeniz, Ege ve Marmara
bélgelerinde de yayihis gosterdigi bu c¢alisma ile
ortaya konmustur. Bu c¢alismadan elde edilen
sonuclar ile yapilacak detaylh arastirmalar bu tirin

orami gostermigtir. Analiz sonucunda belirlenen bu taksonomik  olarak dagiliminin  net  olarak
durum taksonomik olarak beklenen bir durumdur. belirlenmesine katki saglayacaktir.
Pistacia eurycarpa turu cografik olarak dar alanda
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Sekil 4. P. eurycarpamin belirlendigi alanlar (Bu ¢alismada belirlenen yayilis alanlar): 1-Balikesir, 2- Manisa, 3- Izmir, 4-
Aydin, 5- Denizli, 6- Mersin. Daha 6nceki ¢alismalarda belirlenen yayilig alanlari: 7- Gaziantep 8- Bitlis, 9- Mardin,

10- Hakkari.

Figure 4. Areas where P. eurycarpa was determined (the distribution areas determined in this study)- 1-Balikesir, 2- Manisa,
3- Izmir, 4- Aydin, 5- Denizli, 6- Mersin. Distribution areas determined in previous studies’ 7- Gaziantep, 8- Bitlis,

9- Mardin, 10- Hakkari.

Cizelge 4. P. eurycarpa orneklerinin toplandigi adresler
Table 4. Addresses where P. eurycarpa specimens were collected

1 C4, Mersin, Mut, Barbanli Mezarligi, 233 m., K363920 D332434,4, 01.09.2014, A. Yilmaz, K. Sarpkaya, A.
Aktan, 1050.

2 C4, Mersin, Mut, Barabanli Mezarligi Yolu, 233 m., K363920 D 332434,4, 01.09.2014, A. Yilmaz, K.
Sarpkaya, A. Aktan, 1021.

3 | B2, Izmir, Candarli, Dikili Cikigi, 38 m., K385721 D265646,2, 04.09.2014, A. Yilmaz, K. Sarpkaya, A.
Aktan, 1011.

4 B2, Izmir, Aliaga, Otmanlar Koyu Cikisi, 340 m., K384525,7 D27108,8, 04.09.2014, A. Yilmaz, K. Sarpkaya,
A. Aktan, 1025.

5 B2, Izmir, Candarlh Demirtas Koyu Gogmen Mah., 27 m., K39029 D26 575,2, 04.09.2014, A. Yilmaz, K.
Sarpkaya, A. Aktan, 1026.

6 B2, Manisa, Muradiye, Yuntdagi, Camlica, 255 m., K384437 D271842,7, 04.09.2014, A. Yilmaz, K.
Sarpkaya, A. Aktan, 1007.

7 | C2, Denizli, Karahayit 459 m., K375859 D29626,4, 02.09.2014, A. Yilmaz, K. Sarpkaya, A. Aktan, 1002.

8 B2, Balikesir/ Merkez, Deliktag Koyti, 399 m., K39405,2 D274922,2, 15.10.2014, A. Yilmaz, K. Sarpkaya, A.
Aktan, 1057.

9 | C1, Aydin, Germencik, Omerbetli Kéyii Mezarhg, 59 m., K375238,1 D273914, 03.09.2014, A. Yilmaz, K.
Sarpkaya, A. Aktan, 1022.
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Sekil 5. Incelenen ézellikler dogrultusunda olusturulan benzerlik dendogrami (r=0.67025).
Figure 5. Similarity dendogram created in line with the examined features (r=0.67025).

SONUC ve ONERILER
Aragtirma gezilerinde Akdeniz, Marmara ve Ege
bolgelerinden 62  Pistacia O6rnegi toplanmigtir.

Incelenen bu o6rneklerden 9 tanesinin P. eurycarpa
tura oldugu belirlenmistir. P. eurycarpanin yaprak
O6lcim degerlerine gore dokuz bitki 6rneginin yaprak

uzunlugunun  75-193 mm  arasinda, yaprak
genigliklerinin 60-140 mm oldugu belirlenmigtir.
Yaprakciklarin  incelenmesi sonucunda terminal

yaprakciklarin 4-8 cm uzunlugunda ve genigliklerinin
1.5-3.1 cm arasinda oldugu, yaprak cifti sayisinin 1-

3(-4) arasinda degistigi  belirlenmigtir. P.
eurycarpanin Mersin, Izmir, Aydin, Denizli, Manisa
ve Balikesir 1ilinde dogal yayilist bulundugu
belirlenmigtir.

Akdeniz, Ege ve Marmara bolgelerinde yayilig
gosteren P. eurycarpa Orneklerinin dogu ve

Gineydogu Anadolu boélgelerinde yayilis gosteren
orneklere gore daha kucik Olgiide oldugu
belirlenmistir. Incelenen P. eurycarpa genotiplerine
uygulanan Cluster analizi sonucuna gore, incelenen
ozellikler acisindan genotiplerin yiiksek benzerzerlik
oranm gosterdigi bulunmustur.

Sonug¢ olarak bu ¢alisma ile P. eurycarpa tirinin
Tirkiye'deki yeni yayilis alanlari belirlenmigtir. P.

eurycarpa’nin taksonomisinde onemli olan
karakterlerin farkli oldugu belirlendiginden tiiriin
betimi yeniden yapilmig ve yayilig
alaniglincellenmigtir

Turin betimi;

P. eurycarpa Yalt. In notes R.B.G. Edinb. 28:11
(1967). Syn: P. atlantica Desf. var. kurdica Zohary,
op. Cit. 5: 206 (1952)! Map 65, p. 547.
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Shrub or small tree up to 5 m. Leaves deciduous,
imparipinnate; leaflets 1-3-paired, ovate or ovate-
oblong, 7.5-19.3 x 6-14 cm, obtuse, not mucronate,
glabrous exceptfor ciliolate margins, light green on
both sides; terminal leaflets 4-8 x 1.5-3.1 ¢cm., rachis
not winged or very narrowly and inconstantly so.
Fruits paniculate, always depressed- globose, 6.4-8 x
7-8.1 mm. F1. 5 March- April, Rocky slopes, deciduous
oak schrub, 1100-1720 m.

P. eurycarpanin yeni yayilis alanlar1 ile birlikte
Balikesir, Manisa, Izmir, Aydin, Denizli, Mersin,
Gaziantep, Bitlis, Mardin, Hakkari illerinde yayilisi
oldugu belirlenmigtir.
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OZET Bahge Bitkileri

Ordu ilinde 2016-2017 yillarinda yurutilen bu g¢alismada secilen

beyaz dut tiplerinin bazi meyve o6zelliklerinin belirlenmesi Aragtirma Makalesi
amaglanmigtir. Tiplerin meyve agirligi 0.89-3.41 g, meyve suyu

randimanm1 %16.22-58.09, suda c¢oziinebilir kuru madde miktari Makale Tarihgesi
%10.44-20.60, titre edilebilir asit miktar1 %0.13-0.30 ve meyvedeki Gelig Tarihi @ 31.10.2022
cekirdek sayisi 5.10-23.19 adet arasinda degistigi tespit edilmistir. Kabul Tarihi :08.06.2023
Calismada genotipler sofralik, kurutmalik, pekmezlik ve meyve suyu

sanayiinde kullanima uygun olmak tzere 4 farkli degerlendirme Anahtar Kelimeler

sekline gore degistirilmis tartili derecelendirmeye tabi tutularak Morus alba

umitvar tipler secilmistir. Yapilan degerlendirme sonucunda 14 adet SCKM

beyaz dut tipi icerisinden, 2 adet dut tipi dort farkls degerlendirme Seleksiyon

sekline gore Umitvar tip olarak tespit edilmistir. 1 adet dut tipi Asitlik

pekmezlik, 1 adet dut tipi kurutmalik ve 3 adet dut tipi ise hem Ordu

pekmezlik hem de kurutmalik kullanima uygun Umitvar dut tipi
olarak belirlenmigtir.

Determination of Fruit Characteristics of Mulberry (Morus alba) Types Grown in Ordu Province

ABSTRACT Horticulture

This study was conducted in Ordu Province between 2016 and ears.

The study aimsdetermine ed  scharacteristicssticthe mulberry Research Article

(Morus alba)types that were selected in the study. Among the selected

types, fruit weight was 0.89-3.41 g, fruit juice yield was 16.22—58.09%, Article History

the amount of total soluble solids was 10.44—20.60%, the titratable Received :31.10.2022
acid contents were 0.13—0.30%, and the number of seeds was 5.10— Accepted 1 08.06.2023
23.19. In the study, promising types were selected by subjecting the

types to a modified weighted rating method according to four different Keywords

evaluations suitable for use in the fresh, dried, pekmez, and fruit juice Morus alba

industry. As a result of the evaluation, among 14 white mulberry TSS

types, two were determined to be promising according to four different Selection

evaluation methods. 1 mulberry type pekmez, 1 mulberry type dried, Acidity

and 3 mulberry types were determined to be promising mulberry types Ordu

suitable for both pekmez and dried use.
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ksutarimdoga.vi.1196672.

To Cite:  Aydin, E., Er, E., Aksu-Uslu, N., Turan, A., & Bostan, S.Z (2024). Determination of Fruit Characteristics of
Mulberry (Morus alba) Types Grown in Ordu Province. KSU J. Agric Nat 27 (3), 556-564. DOI: 10.18016/
ksutarimdoga.vi.1196672.

GIRIS cinsi icine giren tiir sayisini, Freeman (1978) 12, Huo

Dut (Morus spp.), Urticales takiminin Moraceae
familyasinin Morus cinsine dahildir. Ozellikle Dogu,
Bat1 ve Gilineydogu Asya, Giiney Avrupa, Kuzey
Amerika’nin giineyi, Giney Amerikanin kuzeybatisi
ve Afrika’min bazi bélumlerinde duta yaygin olarak
rastlanildign belirtilmektedir (Datta, 2002). Morus

(2002) 14, Koidzumi (1917) 24 ve 1 alt tiir Machii ve
ark. (2001; Martin ve ark. (2002) 30’dan fazla, Datta
(2002) ise 68 olarak bildirmektedirler. Diinyada 10-12
dut tirinin yaygin olarak yetistigi kabul edilmekle
beraber en yaygin olan tiirler Morus alba (beyaz dut),
Morus nigra (kara dut) ve Morus rubra (mor dut)dir
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(De Candolle, 1967).

Dut, farkli iklim kosgullarina adaptasyon kabiliyeti
fazla oldugundan hemen hemen tim iklim
boélgelerinde yetigebilen bir iziimsii meyve turiadir.
Ilkbahar gec¢ donlarindan sonra tomurcuklar: siirmeye
baglayan dut, bu yoénu ile akil ve sabri temsil ettigi
diistinilmektedir (Grieve, 2002). Bu yiizden dut
karasal iklim kogullarinin hakim oldugu bdélgelerde
dahi yetistirilebilmektedir.

Turkiye dutun anavatanlarindan ve dogal yayilig
alanlarindan olmasina ragmen, mevcut genetik
potansiyel tam anlamiyla degerlendirilememektedir.
Kaliteli meyvelere sahip bircok dut agaci, mobilya
yapiminda kullanilmak amaciyla Kkesilerek yok
edilmistir (Erdogan, 2003). Son 10 yilhik dénemde
toplam agac¢ sayisinda %19.34’1lik, tretimde %6.0’lik
bir diisiis gerceklesmistir (Anonim, 2020).

Turkiye de 2020 yil1 verilerine gére dut liretimi 70 620
tondur. Karadeniz Bolgesi 15 154 ton ile toplam
tretimin %21.45'ine sahip olurken, Ordu ili 1463 ton
uretim ile Karadeniz Bolgesi tretiminin %9.65'm
karsilamaktadir (Anonim, 2020).

Aydin ve ark. (2016), Artvin ili Ardanuc ve Yusufeli
ilgelerinde yurutmus olduklar: calismada degistirilmig
tartili derecelendirme yontemini kullanarak 9 dut
genotipi icerisinden 2 adet kurutmalik ve 2 adet meyve
suyu sanayisine uygun dut genotipi sec¢miglerdir.
Secilen dut genotiplerinde meyve agirligr 1.71-3.03 g,
suda c¢ozlinebilir kuru madde miktar1 % 18.20-25.83,

meyve suyu randimanmi %40.36-50.86, kuru meyve
randimani %20.94-32.87 ve meyvedeki ¢ekirdek sayisi
0.00-17.92 arasinda degisim gostermigtir. Cocen ve
ark. (2018), 19 adet cekirdeksiz dut genotipinde
ortalama meyve agirligini 0.77-2.46 g, suda ¢6ziinebilir
kuru madde miktarim1i  %15.50-29.60 ve kuru
randimanini %15.79-39.94 arasinda belirlemisglerdir.
Siimerli ve Kazankaya, (2020), Batman ili merkez
ilcede 3 farkl dut tiri (Morus alba L., Morus nigra L.
ve Morus rubra L.) ile yapmis olduklar: calismada
meyve agirligin1 0.54-4.09 g, meyve boyunu 13.30-
32.60 mm meyve enini 10.17-20.96 mm, suda
¢ozlunebilir kuru madde miktarin1 %14.10-21.87 ve
titre edilebilir asit miktarimi 0.27-0.11 g 100! ml
olarak tespit etmiglerdir.

Bu calismada, Ordu ilinde dogal olarak yetisen dut
populasyonu  igerisinden  sofralik,  pekmezlik,
kurutmalik ve meyve suyu sanayiine uygun umitvar
genotiplerin se¢cimi amac¢lanmigtir. Yapilan bu ¢alisma
ile o6nemli genetik kaynaklarimizdan olan dut
meyvesinin cesit olma yoniinde 6nemli adim atilmisg
olacaktir.

MATERYAL ve METOD

Bu calisma 2016 ve 2017 yillarinda Ordu ilinde
yurutilmustur. Dut agacglarinin yogun oldugu koyler
gezilerek 14 adet dut genotipinden 6rnek alinmigtir.
Meyve 6rnegi alinan genotiplerin adi, yer ve rakim
bilgileri Cizelge 1’de verilmigtir.

Cizelge 1. Beyaz dut genotiplerine ait seleksiyon numaralari, arazi ve rakim bilgileri
Table 1. Selection numbers , land and altitude information of white mulberry genotypes

GenotipAd: Tlce Koy Rakim
Name of genotype Town Village Altitude

52 GL 01 Gilyal Turnasuyu Mah 15
52 GL 02 Gilyal Turnasuyu Mah 2

52 GL 03 Gilyal Hosgkoy Mah. 115
52 MR 01 Altinordu Oceli Mah. 242
52 MR 02 Altinordu Burhanettin Mah. 324
52 UL 01 Ulubey Kumanlar Mah 501
52 PR 01 Persembe Bogazlik Mah. 29
52 PR 02 Persembe Bogazlik Mah. 129
52 PR 03 Persembe Bogazlik Mah. 129
52 PR 04 Pergsembe Ciftlik Mah 65
52 PR 05 Persembe Kurtulus Mah 38
52 FT 01 Fatsa Palazli Mah 220
52 UN 01 Unye Giizelyali Mah 3

52 UN 03 Unye Giizelyali Mah 50

Her bir dut genotipinden 500 g meyve plastik meyve
muhafaza kutularina toplanmis ve toplanan meyveler
yarim saat icerisinde laboratuvar ortamina getirilerek
3 tekerriirli olarak her tekerriirde 20 meyve olacak
sekilde meyve 6zellikleri analizleri yapilmigtir. Beyaz
dut genotiplerinin se¢ilmesinde verimlilik, meyve
agirhgl, suda ¢o6zlinebilir kuru madde, kuru meyve
randimani, meyve suyu randimani, kuru meyve rengi
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ve meyvedeki cekirdeklilik gibi 6zellikler tizerinde
durulmustur. Ordu ilinde yetisen beyaz dutlarin
secimi, secilen dut tipleri kullanim alanlarina gore
sofralik, pekmezlik, kurutmalik ve meyve suyu

sanayisine yonelik olarak 4 farklh  gekilde
siniflandirilmigtir. Tartili derecelendirme yontemi ile
dut  genotiplerinin  se¢imi  gerceklestirilmigtir

(Michelson ve ark., 1958). Secilen dut genotiplerinde
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her bir 6zellik i¢in belirlenen maksimum ve minimum
degerler arasindaki farklar tespit edilmis ve bu fark
sinif sayisina bolinerek ayni sinir i¢ine giren tipler
aym sinirlarda degerlendirilmistir (Ercisli, 1996). Her
bir degerlendirme sekli i¢in ayr1i ayr1 tartih
derecelendirme yapilmig ve toplam puanlar:
belirlenmigtir. Sofralik, pekmezlik, kurutmalik ve
meyve suyu sanayiine uygun beyaz dutlarin tartih
derecelendirme de esas alinan 6zellikler, géreceli puan,
sinif ve sinif araliklar1 Cizelge 2,3,4 ve 5’te verilmistir.

Verim Durumu: Dut agac¢larinda meyve olgunlagma
periyodunun uzun olmasi nedeniyle her bir agactaki
verimin tartilarak tespiti mimkiin olamamaktadir.
Bu nedenle benzer iklim ve kogullarda bulunan
agaclar, mukayese edilerek verim hakkinda
degerlendirme yapilmistir (Erdogan, 2003). Belirlenen
degerler verim katsay1 degerleri olup, 1-5 skalasina
gore degerlendirme yapilmigtir.

Meyve Agirhigi: Tesadifi olarak alinan 60’ar adet
meyve, 0.01 g hassasiyetteki elektronik hassas
terazide tartilarak, ortalama meyve agirhigr g olarak
belirlenmigtir.

Meyve Suyu Randimani: Baglangic agirhg belli (50 g)
meyveler meyve sikacagi icerisinde sikilarak elde
edilen meyve suyu agirhigi belirlenip genotiplerin
ortalama meyve suyu randimanlari % olarak
belirlenmigtir.

Kuru Meyve Randimani: Kuru meyve randimani
belirlemek amaciyla 100 g yas dut meyvesi 65 C”de
etivde kurutulduktan sonra kuru meyve agirliklari
(%) olarak belirlenmistir.

Suda Cozlinebilir Kuru Madde: Dut meyvelerinin
sikilarak meyve sular1 ¢ikarilmig ve ¢ikarilan meyve
suyunda suda c¢oziinebilir kuru madde miktar1 el
refraktometresi okunmus ve elde edilen yiizde
degerlerin ortalamasi alinarak tespit edilmigtir.

Cizelge 2. Sofralik dut genotiplerinde tartili derecelendirmeye esas olan o6zellikler ve 6nem dereceleri
Table 2. Characteristics of table mulberry types used for modified weighted ranked method

Ozellikler Goreceli Puan (%) Sinif Sinif Puam
Characteristics Relative score (%) . Class Class Score
R Iyi 3.14 < 5
\gzg‘hhk o5 Orta 2.57-3.13 3
Kot <2.56 1
. . Ir1 2.59< 5
l}ﬁi‘f ilg.lzl;gl 20 Orta 1.74-2.58 3
weis: Kigik < 1.73 1
Yiksek 17,24< 5
E%EM 15 Orta 13.84-17.23 3
Diisiik< 13.83 1
Yiksek 3.07< 5
l\ﬁ/,[ey.‘;etTidl 90 Orta 2.62-3.06 3
ruit taste Diisiik < 2,61 1
Meyvedeki Cekirdek Sayisi Cok 17.18 < 1
The number of seeds in the 10 Az 11.14-17.17 3
fruit Yok< 11,13 5

Cizelge 3. Pekmezlik beyaz dut genotiplerinde tartili derecelendirme yéntemine gére uygulanan puanlama

sistemi

Table3. Characteristics of pekmez mulberry types used for modified weighted ranked method

Ozellikler Goreceli Puan(%) Sinif Sinif Puam
Characteristics Relative score (%) Class Class Score
e Iyi 3.14< 5
\g;]l;nhhk 35 Orta 2.57-3.13 3
Kot <2.56 1
Meyve Suyu Randimani Yiksek 44.16< 5
Fruit juice yield 35 Orta 30.19-44.15 3
Diisiik < 30,18 1
Yuksek 17,24 5
SCKM 20 Orta 13,84-17,23 3
7SS Diisiik< 13,83 1
Yiksek 0,27< 1
Asitlik 10 Orta 0,20-0.26 3
Acidity Disik <0,19 5
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Cizelge 4. Kurutmalik beyaz dut genotiplerinde tartili derecelendirme yontemine gére uygulanan puanlama

sistemi
Table 4. Characteristics of dry mulberry types used for modified weighted ranked method
Ozellikler Géreceli Puan(%) Sif Sinif Puani
Characteristics Relative score (%) __Class Class Score
R Iy1 3.14< 5
Yermbibik 20 Orta 2.57-3.13 3
Kotu <2.56 1
. 1 Iri 2.59< 5
%fuyj‘;ew‘tlgl};l;gl 15 Orta 1.74-2.58 3
3 Kiiciik < 1,73 1
Yiksek 20.13< 5
%;‘m }."Idf{y"e Randimani 30 Orta 15.47-20.12 3
yr Diisiik < 15.46 1
Yiksek 17.24 5
E,EEM 15 Orta 13.84-17.23 3
Diisiik< 13.83 1
. Agk  37.10< 5
%j“}i{iy;‘;i‘;ngl 10 Koyu 27.56-37.09 3
7 Cok koyu < 27.55 1
lg/leyvede Cekirdek Cok 17.18 < 1
ay1st . 10 Az 11.14-17.17 3
The number of seeds in
. Yok< 11.13 5
the fruit

Cizelge 5. Meyve suyu lretimine uygun beyaz dut genotiplerinde tartili derecelendirme yéntemine gore uygulanan

puanlama sistemi

Table 6. Characteristics of suitable for the juice industry mulberry types used for modified weighted ranked

) method
Ozellikler Géreceli Puan (%) Sinf Sinif Aralig:
Characteristics Relative score (%) . Class Class Score
R Iyi 3.14 < 5
}C‘j.;}?hhk 30 Orta 2.57-3.13 3
Kotu <2.56 1
Yiksek 44.16< 5
I\F/ffg’j‘;e.igugzindmam 35 Orta 30.19-44.15 3
Juee y: Diisik < 30.18 1
. Agik  2.33< 5
%f;.‘;?;g‘;ol};;gl 10 Koyu 1.83-2.32 3
7 Cok koyu < 1.82 1
Yiksek 17,24< 5
SCKM -
7SS 25 Orta 13.84-17.23 L;)

Diisitk< 13.83

Titre Edilebilir Asit Icerigi: Meyve suyu sikildiktan
sonra, 0.1 N NaOH c¢ozeltisi ile ortam pH’s1 8.1
oluncaya kadar titre edilmis ve sitrik asit cinsinden
titre edilebilir asit igerigi yiizde olarak hesaplanmigtir.

Meyve Tadi (koku+aroma): Dut genotiplerine ait
meyvelerin tat ve aromalar1 5 kigilik tadim ekibi
tarafindan degerlendirilmis ve degerlendirme sonunda
1-5 skalasina gore verilen duyusal degerlendirme
puanlarinin  ortalamasi alinarak hesaplanmigtir
(Erdogan, 2003).

Kuru Meyve Rengi: Kuru dut meyvelerinde renk

degerlerini belirlemek igin ‘Minolta Chroma Meter CR-
400 aleti  kullamilarak kuru meyve rengi
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belirlenmistir. Renk o6lgiimleri CIE 31 standard: L
(100: beyaz, 0: siyah), a (+: kirmiz1, — yesil), b (+: sar1,
— mavi) degerleri élciilerek belirlenmistir.

Meyve Suyu Rengi: Dut genotiplerinden alinan meyve
ornekleri sikilarak meyve sularn g¢ikarilmigtir.
Genotiplerin meyve sular1 gorsel olarak 1-5 skalasina
gore degerlendirilmis ve degerlendirme sonuglarinin
ortalamasi alinarak meyve suyu rengi tespit edilmigtir

Meyvedeki Cekirdek Sayisit Her bir genotipten
tesadiifi olarak alinan 60’ar meyvenin ezilerek
¢ekirdekleri cikarilmis ve ¢ikarilan ¢ekirdekler
sayilarak meyve basina ortalama ¢ekirdek sayisi tespit
edilmigtir.
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BULGULAR ve TARTISMA

Dut genotiplerinin meyve o6zelliklerine ait sonuglar
Cizelge 6’da verilmistir. Dut genotiplerinin verim
puami 2.00-3.67, meyve agrhiklarn1 0.89-3.41 ¢
arasinda, meyve suyu randimam %16.22-58.09 ve
kuru meyve randimani %10.82-24.76 oldugu tespit
edilmigtir. Suda ¢6zlinebilir kuru madde miktar:
%10.44-20.60, titre edilebilir asitlik %0.13-0.30, tat
puani 2.17-3.50, kuru meyve rengi renk degeri 18.02-
46.60, meyve suyu rengi puani 1.33-2.84 ve ¢ekirdek
sayis1 5.10-23.19 adet arasinda degisim gostermistir.

Yapilan calismalarda meyve agirhgl Erdogan (2003)
2.35-5.76 g; Cam ve Tiirkoglu (2004) 1.38-3.08 g; Islam
ve ark. (2006), 2.21-4.90 g; Orhan (2009) 1.36-5.77 g;
Ozgen ve ark. (2009), 4.5-8.2 g; Stimerli ve Kazankaya
(2020) 1.24-3.38 g arasinda degismistir. Meyve suyu

Cizelge 6. Ordu ilinden segilen beyaz dut genotiplerinin meyve 6zellikleri
Table 6. The selected genotypes of Morus alba fruit characteristics in Ordu

randimanini Erdogan (2003) %58.21-66.63; Karadeniz
ve Sisman (2004) %73.49; Cocen (2017) %49.70-64.80
olarak tespit etmiglerdir. Kuru meyve randimanin
Erdogan (2003) %31.59-38.97; Karlidag ve ark. (2012),
%27.10-36.84; Keskin ve Kaya, (2020) %14.21-54.59
araliginda degistigini bildirmiglerdir. Suda ¢éziinebilir
kuru madde miktarini Giines ve Cekic, (2003) %13.00-
18.60; Uzun ve Bayir, (2009) %21.10-24.10; Giindogdu
ve ark. (2012), %5.05-12.05; Altun (2021) %16.24-32.95
olarak belirlemiglerdir. Titre edilebilir asitlik miktari
Polat (2004) %0.06-1.00; Burgut ve Tiiremis (2006)
%0.04-1.31; Saracoglu ve Ozgen (2015) % 0.79-0.85;
Altun (2021) % 0.07-0.30 arasinda degistigini ifade
etmislerdir. Cekirdek sayis1 Aydin ve ark. (2016), 0.0-
20.33; Aydin ve ark. (2019), 0.0-27.33 adet oldugunu
tespit etmiglerdir.

. Meyve Kuru Kuru Meyve Meyvedeki
Genotip Meyve g M M Suyu Cekirdek
Adi Verim  Agwhin o uyu eyve SCKM Asitlik Tat eyve Rengi exarde

Name of Yield Fruit an«{llmgnl Randlmap ! 78S Acidity Taste Rengl(L? Fruit Say1si

. Fruit juice  Dry fruit Dry fruit L Number of
genotype weight ratio ratio colour(L) Juice seed

colour

52 GL 01 2.84+0.09 2.30+0.10 55.75+0.66 10.82+0.36 10.44+0.71 0.20+0.01 2.17+0.10 18.02+0.05 2.17+0.10 16.97+0.33
52 GL 02  2.50+0.29 3.41+0.24 48.65+4.69 19.53+0.62 15.67+0.19 0.20+0.01 2.67+0.19 21.89+0.10 1.83+0.10 23.19+0.53
52 GL 03 3.67+0.02 2.47+0.19 58.09+£5.86 16.29+0.87 13.563+0.69 0.16+0.03 3.17+0.10 30.11+0.46 2.50+0.29 15.88+0.42
52 MR 01 2.84+0.10 1.68+0.12 55.45+3.18 15.78+1.17 12.47+0.77 0.23£0.07 3.00+0.19 31.83+0.47 2.67+0.19 13.71+0.24
52 MR 02 3.17+0.10 2.16+0.01 51.89+6.78 18.16+0.86 11.54+0.73 0.13+0.01 3.34+0.19 31.46+0.34 2.83+0.10 8.80+0.58
52 UL 01 2.84+0.09 2.08+0.16 48.03+0.66 16.07+1.08 13.97+0.67 0.14+0.01 2.33+0.01 19.88+0.81 2.00+0.20 12.59+0.38
52 PR 01  2.00+0.01 1.63+0.19 47.17+5.81 24.76+2.64 19.57+2.68 0.17+0.02 3.50+0.29 19.58+0.25 1.67+0.19 8.33+0.06
52 PR 02 2.50+0.09 1.294+0.06 32.94+1.06 21.37+1.56 20.23+2.87 0.16+0.03 3.50+0.10 46.60+£0.26 2.67+0.19 8.37+0.02
52 PR 03  3.17+0.10 0.89+0.08 16.22+0.62 20.34+1.36 19.17+2.68 0.13+0.02 2.67+0.19 26.82+0.17 2.84+0.10 5.41+0.11
52 PR 04 3.00£0.10 2.56+0.10 48.57+5.35 17.66+0.21 14.77+0.21 0.24+0.06 3.17+0.10 27.11+0.16 2.33+0.38 5.10+0.02
52PR05 3.00+0.10 2.34+0.05 50.18+5.11 17.35+1.89 17.20+2.12 0.30+0.09 3.17+0.10 23.10+0.07 2.00+0.19 11.58+004.
52 FT 01 3.17+£0.10 1.91+0.14 32.12+1.51 22.67+0.26 19.23+2.83 0.22+0.05 2.80+0.10 18.34+0.60 1.33+0.01 10.56+1.02
52 UN 01  2.84+0.09 1.92+0,22 44.92+6.88 21.35+0.88 16.04+1.17 0.19+0.01 3.34+0.19 34.82+0.14 2.00+0.19 9.45+0.46
52 UN 02 2.8440.10 2.244+0.25 36.81+7.51 20.30+0.76 20.60+2.25 0.18+0.01 2.83+0.48 33.90+0.10 2.50+0.10 15.89+0.09
Ortalama  2.93+0.06 2.62+0.10 56.18+2.18 17.21+0.59 14.99+0.64 0.17+0.01 3.03+0.08 27.09+£1.22 2.23+0.08 12.18+0.75

Cizelge 7. Sofralik beyaz dut genotiplerinde tartil1 derecelendirmeye esas alinan ézellikler ve toplam tartili

derecelendirme puanlari

Table 7. Table mulberry types ranking according to the modified weighted ranked method, underlying

characteristics and total points.

Genotip Ad1 Meyve

Meyvedeki Cekirdek

Name of Vel;m}glk Agirhigi S,%é{SM 7’11‘ at Sayis1 Tg‘plain
genotype e Fruit weight aste Number of seed ota
52 FT 01 125 90 75 60 50 400
52 MR 02 125 90 15 100 50 380
52 GL 03 125 90 15 100 30 360
52 PR 04 75 90 45 100 50 360
52 UN 01 75 90 45 100 50 360
52 PR 03 125 30 75 60 50 340
52 PR 05 75 90 45 100 30 340
52 UN 02 75 90 75 60 30 330
52 GL 02 25 150 45 60 10 290
52 PR 01 25 30 75 100 50 280
52 PR 02 25 30 75 100 50 280
52 UL 01 75 90 45 20 30 260
52 GL 01 75 90 15 20 30 230
52 MR 01 75 30 15 60 30 210
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Calismadan elde edilen sonuclar ile tlkemizin farkl
bélgelerinde  yurutilen ¢aligmalarin  sonuglar:
arasinda benzerlik ve farklilik oldugu gorilmektedir.
Sonuclar arasindaki farkliliklar genotip 6zelliginden
ve oOrneklerin toplandigi yerin farkli iklim
ozelliklerinden kaynaklanabilecegi diigtiniilmektedir.

Beyaz dut genotiplerinde sofralik o6zelliklere gore
yapilan tartili derecelendirmede dut genotipleri 125 ile
485 arasinda puan almiglardir. 350 ve tizeri puan alan

genotipler UuUmitvar olarak degerlendirildiginde
sofralik tiiketim icin 5 adet beyaz dut genotipi
belirlenmistir (Cizelge 7).

Pekmezlik tiketim i¢in yapilan tartili
derecelendirmede dut genotipleri 290 ile 420 arasinda
puan almiglardir. 350 ve tizeri puan alan genotipler
umitvar olarak degerlendirildiginde pekmezlik
tiketim i¢in 10 adet beyaz dut genotipi iumitvar olarak
belirlenmistir (Cizelge 8).

Cizelge 8. Pekmezlik beyaz dut tiplerinde tartili derecelendirmeye esas alinan ozellikler ve toplam tartili

derecelendirme puanlar:

Table 8. Pekmez mulberry types ranking according to the modified weighted ranked method, underlying

characteristics and total points.

Genotip Ad1 Verimlilik  Meyve Suyu Randimam SCKM Asitlik Toplam
Name of genotype Yield Fruit juice ratio 7SS Acidity Total
52 MR 02 175 175 20 50 420
52 FT 01 175 105 100 30 410
52 UL 01 105 175 60 50 390
52 UN 01 105 175 60 50 390
52 PR 04 105 175 60 30 370
52 PR 01 35 175 100 50 360
52 PR 03 175 35 100 50 360
52 UN 02 105 105 100 50 360
52 GL 03 105 175 20 50 350
52 PR 05 105 175 60 10 350
52 GL 01 105 175 20 30 330
52 MR 01 105 175 20 30 330
52 GL 02 35 175 60 30 300
52 PR 02 35 105 100 50 290

Cizelge 9. Kurutmalik beyaz dut genotiplerinde tartili derecelendirmeye esas alinan 6zellikler ve toplam tartil

derecelendirme puanlari

Table 9. Dry mulberry types modified weighted ranked method underlying charecteristics and total points

Name of Verimlilik Agirhigi Randiman1  SCKM Rengi Sayist Toplam
Yield Fruit Dry fruit 7SS Dry fruit Total
genotype . . Number of
weight ratio colour
seed

52 FT 01 100 45 150 75 10 50 430
52 PR 03 100 15 150 75 10 50 400
52 UN 02 60 45 150 75 30 30 390
52 UN 01 60 45 150 45 30 50 380
52 PR 02 20 15 150 75 50 50 360
52 PR 01 20 15 150 75 10 50 320
52 GL 03 100 45 90 15 30 30 310
52 MR 02 100 45 90 15 30 30 310
52 PR 04 60 45 90 45 10 50 300
52 PR 05 60 45 90 45 10 30 280
52 UL 01 60 45 90 15 30 30 270
52 GL 02 20 75 90 45 10 10 250
52 MR 01 60 15 90 15 30 30 240
52 GL 01 60 45 30 15 10 30 190
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Kurutmalik tiketim i¢in yapilan tartili
derecelendirmede dut genotipleri 190 ile 430 arasinda
puan almiglardir. 350 ve tizeri puan alan genotipler
umitvar olarak degerlendirildiginde 5 adet beyaz dut
genotipi iimitvar olarak degerlendirilmistir (Cizelge
9).

Meyve suyu sanayisine uygun beyaz dut genotiplerini
belirlemek i¢in yapilan tartili derecelendirmeye gore
310 ile 400 arasinda puan almiglardir. 350 ve luzeri
puan alan genotipler Umitvar olarak
degerlendirildiginde 8 adet beyaz dut genotipi meyve
suyu sanayiine uygun olarak degerlendirilmistir
(Cizelge 10).

Cizelge 10. Meyve suyu sanayiine uygun beyaz dut genotiplerinde tartili derecelendirmeye esas alinan ézellikler

ve toplam tartili derecelendirme puanlar:

Table 10. Suitable for the juice industry mulberry types modified weighted ranked method underlying

charecteristics and total points

Genotip Ad1 Verimlilik  Meyve Suyu Randimanmi ~ Meyve Suyu Rengi SCKM Toplam
Name of genotype Yield Fruit juice ratio Fruit juice colour 7SS Total

52 GL 03 150 175 25 50 400

52 MR 02 150 175 25 50 400

52 PR 04 90 175 75 50 390

52 FT 01 150 105 125 10 390

52 UL 01 90 175 75 30 370

52 PR 05 90 175 75 30 370

52 UN 01 90 175 75 30 370

52 UN 02 90 105 125 50 370

52 MR 01 90 175 25 50 340

52 PR 01 30 175 125 10 340

52 PR 03 150 35 100 50 335

52 GL 01 90 175 25 30 320

52 GL 02 30 175 75 30 310

52 PR 02 30 105 125 50 310

SONUC ve ONERILER glibreleme ve budama gibi kiltiirel uygulamalarin

Dutun meyve 6zellikleri yoniinden ¢alismalarin devam
ettigi ve oOzellikle Orta Asya iilkelerinde yapilan
seleksiyon c¢aligsmalar1 ile sofralik pek ¢ok dut
genotipinin belirlendigi goriilmektedir. Turkiye’de ise
beyaz dut ile 1ilgili c¢alismalar yeterli diizeye
ulagamamigtir. Anavatani oldugumuz dut bitkisinin
genetik kaynaklarinin toplanmasi ve korunmasi son
derece  6nemlidir. Karadeniz Bolgesinde dut
tUretiminin yogun oldugu Ordu ilinde yapilan
calismada dut tipleri sofralik, pekmezlik, kurutmalik
ve meyve suyu sanayiine uygun  olarak
degerlendirilmigtir.

Yapilan degerlendirme sonucunda 14 adet beyaz dut
tipi igerisinden, 2 adet dut tipi tim degerlendirme
sekline gore imitvar tip olarak tespit edilmistir. 1 adet
dut tipi pekmezlik, 1 adet dut tipi kurutmahk ve 3
adet dut tipi ise hem pekmezlik hem de kurutmalik
kullanima uygun iUmitvar dut tipi oldugu
belirlenmigtir.

Beyaz dut meyveleri pekmez yapiminda yaygin olarak
kullanilmakta ve fUreticiler ihtiya¢ fazlasi olan
pekmez'in  satigim1  gergeklestirmektedirler. Bu
bakimdan beyaz dut ireticiler igin ilave bir gelir
kaynag olabilme potansiyeline sahiptir. Calisma
kapsaminda gezilen illerde dut agaglarinda ilaglama,
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yeterli diizeyde yapilmadigi belirlenmigtir. Ordu ilinde
dut yetistiriciliginin devam etmesi ve gelistirilmesi
icin Umitvar olarak Dbelirlenen tiplerin tescil
islemlerinin tamamlanmasi gerekmektedir.

TESEKKUR

Calisma T.C Tarim ve Orman Bakanligi Tarimsal
Aragtirmalar ve Politikalar Genel Mudurlagu
tarafindan TAGEM/BBAD/14/A08/P10/1 numarali ve
Karadeniz Bolgesi Dut Seleksiyonu I isimli projeden
gerceklestirilmigtir. Katkilarindan dolayr Tarim ve

Orman Bakanhg Tarimsal Arastirmalar ve
Politikalar Genel Mudirligiine tesekkir ederiz.
Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catigsmasi olmadigini beyan ederler.
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ABSTRACT

This research was performed to clarify dormancy and active growth
durations along with the phenological stages of 'Santa Maria',
'Williams', and 'Deveci' cultivars on eight rootstocks, including two
Quince clonal rootstocks (BA29 and QA), five pear clonal rootstocks
(FOX9, FOX11, OHxF333, OHxF87, and FAROLD40), and pear
seedling rootstock during 2021 and 2022. It has been determined
that the phenological stages start earlier in 2022; on the contrary,
the active growth period ended earlier in 2021 (20 November) than in
2022 (29 November). In the case of the three combination effects of
years x rootstocks x cultivars (Y x R x C) on the active growth
duration (AGD), the results were obtained in the range of 187.0—
228.4 days. The AGD was determined to be the lowest (187.0 days) in
the ‘Santa Maria’/FOX9 combination in the year 2021, while the
highest (228.4 days) in the 'Deveci/FOX11 combination in the
research year 2022. Considering the main effect of rootstocks (R) on
the dormancy duration (DD), the obtained results varied between
148.7 and 153.7 days. The DD was found to be the lowest (148.7
days) on the FOX11 rootstock, while the highest (153.7 days) on the
BA29 and FOX9 rootstocks. Understanding the AGD and DD of fruit
trees is a critical approach for the ideal management of fruit
orchards scientifically and effectively. Finally, it can be advised to
use cultivars with rootstocks that show lower AGD in humid
temperate regions; they will be more suitable for mitigating the
adverse effects of stress factors.
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Armut Agaclarimin Farklh Anag ve Cegit Kombinasyonlarinin Dormansi ve Aktif Biiyiime Siireleri ile

Fenolojik Safhalarinin Belirlenmesi

OZET

Bu arastirma iki ayva klon anaci (BA29 ve QA) ile bes armut klon
anacit (FOX9, FOX11, OHxF333, OHxF87 ve FAROLD40) ve armut
¢ogur anaclar: tizerine asilanmig 'Santa Maria', 'Williams' ve 'Deveci'
armut cesitlerinin fenolojik donemleri ile birlikte dormansi ve aktif
bliyime strelerini aydinlatmak amaciyla 2021 ve 2022 yillarinda
yapilmigtir. Fenolojik evrelerin 2022'de daha erken bagladig:
belirlenirken aktif biiyiime déneminin 2021'de (20 Kasim) 2022'den
(29 Kasim) daha erken sona erdigi goriilmiistiir. Aktif biiyiime siiresi
(AGD) iizerine yil x anag x gesit (Y x R x C) interaksiyonu etkisine
bakildiginda, sonuglar 187.0 - 228.4 giin araliginda oldugu tespit
edilmigtir. AGD, 2021 arastirma yilinda ‘Santa Maria’/FOX9
kombinasyonunda en diisiikk (187,0 giin), 2022 arastirma yilinda
‘Deveci’/FOX11 kombinasyonunda en yiiksek (228,4 giin) olarak
belirlenmistir. Anaclarin (R) dinlenme siiresi (DD) {izerindeki ana
etkisi dikkate alindiginda, elde edilen sonucglar 148.7 - 153.7 gin
arasinda degismistir. En diisiik DD (148,7 giin) FOX11 anacinda, en
yiikksek (153,7 giin) BA29 ve FOX9 anacinda bulunmustur. Meyve
agaclarinin AGD ve DD'sini anlamak, meyve bahgelerinin bilimsel ve
etkili bir sekilde ideal yonetimi ig¢in kritik bir yaklagsimdir. Sonug
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olarak, stres faktorlerinin olumsuz etkilerini azaltmak icin nemli
1iman boélgelerde daha disuk AGD gosteren anag ve cesitlerin

kullanilmasi tavsiye edilebilir.
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INTRODUCTION

After apples, pears are among the most popularly
produced and eaten pome fruits across the globe. One
of the most significant pear species in terms of fruit
production approaches is Pyrus communis L. (Oztirk
& Faizi, 2022). Lower buds develop on terminal
branches and short spurs that are two or more years
old, and floral initiation in pear trees takes place
approximately 60 days after full flowering. Most pear
cultivars  typically flower each year. The
indeterminate pear inflorescence (corymb), which has
7—8 blooms, is composed of lateral blossoms that open
first and terminal blossoms that open last. Pear
flowers typically have five petals, five sepals, 20 to 30
stamens, most of which have red anthers, two to five
freestyles closely attached at the base, and an ovary
with five locules and two ovules in each (Mumtaz et
al., 2020). Pear trees are less cold-resistant than
apple trees but more robust to heat and drought.
Early spring frosts restrict pear cultivation. Pears can
resist temperatures of up to -30 °C; however,
prolonged exposure to cold damages the shoot tips. At
-2.2 °C, pear blooms are damaged, whereas small
fruits are damaged at 1.1 °C (Kurt et al., 2022).
Appropriate ecology 1s an important factor in
obtaining optimum vegetative and generative
development from fruit trees, and it will determine
whether the cultivars can or can't complete their
phenological stages (Pasa et al., 2015; Hepaksoy,

2019). The timing of appropriate management
actions, such as training, pruning, watering,
fertilizing, diseases, insect control, selection of

appropriate pollinizers, etc., depends on studying
fruit tree phenology. A deciduous fruit tree's
phenology describes the periodic biological processes
that occur from the dormant stage through fruit
production and are closely influenced by seasonal and
climatic changes. Pear trees go through -eight
phenological phases: dormancy, swelling bud,
budburst, green bud, white bud, bloom, petal fall, and
fruit set. Fruit buds are largely latent at the dormant
stage. Fruit buds begin to swell, exposing patches of
lighter-colored tissue and dividing layers. Then, the
budburst occurs, exhibiting the blossom buds' tips. In
the cluster with the elongated stem, after a few days
following the budburst, green bloom buds first
develop before changing to white blossom buds. The
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blossom buds open at last, setting the stage for the
subsequent flower petal and fruit fall. The cell
division stage of a pear tree lasts for 25-30 days after
blooming in early-maturing varieties and 45 days in
late-maturing varieties. The fruit expansion stage
occurs in the final month or two months before
harvest. Between cell division and the expansion of
fruits, the pear fruit slowly enlarges (Atreya et al.,
2021). Based on previous phenological stage studies,
pear trees started to flower earlier after 1982 as a
result of changes in air temperature and frost days.
This change in flowering phenology is anticipated to
persist under projected future climatic conditions.
Monitoring changes in the flowering period 1is
essential because earlier flowering and budburst
could cause phenological mismatches between pollen
receiver trees and pollinators, modify agricultural
spraying schedules, increase the risk of frost
exposure, and amplify the effects of insect populations
within an agroecosystem (Reeves et al., 2022). The
flowering time is a crucial phenological occurrence for
trees; the exact date of this event can change the
likelihood of effective pollination, affecting fruit set
and production. Numerous studies emphasize
temperature as the primary determinant affecting
flowering phenology; other weather factors, such as
frost days, rainfall, relative humidity, and solar
radiation, also affect the phenological stages of pear
trees (Drepper et al., 2020; Reeves et al., 2022). These
crops enter a dormant stage throughout the winter, a
time of limited growth that guards them against
chilly temperatures and frost damage. While forcing
times for pears are typically from January to April,
cooling times are often between October and
December (Drepper et al., 2020). In temperate fruit
trees, flowering is influenced by the temperatures in
the previous months; chilling is needed to break
endodormancy, and subsequently, exposure to heat is
required. These  cultivar-specific  agroclimatic
conditions govern each cultivar's capacity to adapt to
the growing region and variations in the climate.
Temperatures during the chilling phase were a major
factor in determining flowering dates. This suggests
that flowering delays or even improper blooming
could result from many places' decreased winter chill
brought on by worldwide warming (Fadon et al.,
2023). But always, there is no significant correlation
between the temperature, relative humidity, and
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radiation with the phenological stages, including the
flowering date of pear trees as observed in the
tropical semi-arid conditions of Brazil (Oliveira et al.,
2017). Dormancy, defined by the absence of
discernible growth, enables fruit trees to survive in
the cold winter months. Three distinct stages are
commonly used to describe dormancy. First and
foremost, before winter, the freshly developed buds'
ability to grow is constrained by the effects of other
plant features. Secondly, the development capacity is
reasonably restricted during the winter
(ecodormancy). Finally, for growth to resume and
eventually lead to flowering, warm temperatures are
required (endodormancy) (Atreya et al., 2021; Fadon
et al., 2023). The dormancy of the European pear has
not been extensively studied. To identify biomarkers
that aid in defining the dormancy stages and
calculating the agroclimatic needs of cultivars, more
study on dormancy in the European pear is required
(Martinez-Nicolas et al., 2016). Under the ecological
conditions of Samsun Province, research that explains
the phenological phases in various combinations of
rootstocks and cultivars has not yet been available.
Due to that, this research was performed to clarify
dormancy and active growth duration along with the

phenological stages of 'Santa Maria', 'Williams', and
A%
Max

Average

2021

A

‘Devect’ cultivars on eight different rootstocks during
2021 and 2022.

MATERIALS and METHODS
Materials

In the experiment 'Santa Maria', 'Williams' and
'Deveci' cultivars were grafted on eight different
rootstocks, including two Quince clonal rootstocks
(BA29 and QA), five pear clonal rootstocks (FOX9,
FOX11, OHxF333, OHxF87, and FAROLD40), and
European pear seedling rootstocks were used as plant
materials.

Characteristics of Experiment Area

The soil of the study region comprised 2.73 - 10% clay
(low), 13.21 - 20% silt (medium), 6.5 - 20% sand
(moderate), pH 7.5 (a bit alkaline), 0.2 - 0.3 dS/m salt
(no salt), 0.3 - 0.5 organic material (low), 3 - 6%
calcium carbonate (low), 0.03 - 0.06 N (ow), 5 - 10
ppm P (moderate) level. The depth of the soil is
greater than 1 meter. The study area temperature
(Max, Average, Min in °C), relative humidity (%), and
monthly total precipitation (mm) values are
illustrated in Figure 1, Figure 2, and Figure 3.

2022

Figure 1. Daily temperature (°C) values of the trial area during the research period
Sekil 1. Arastirma stiresince deneme alanindaki giinliik sicaklik (°C) degerleri
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Figure 2. Daily relative humidity (%) values of the trial field during the research period
Sekil 2. Arastirma siiresince deneme alaninin giinliik oransal nem (%) degerleri
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Figure 3. Monthly total precipitation (mm) values of the trial area during the research period
Sekil 3. Arastirma siiresince deneme alanina ait aylik toplam yagis (mm) degerleri

Methods

rootstocks at the Bafra agricultural research center of

The study was conducted in the pear orchard, which Ondokuz Mayis UniVGTS'}tY WhiCh is 100&}‘66(1 at
was established in 2018 with 1-year-old saplings at a Samsun _province of Turkiye (Figure 4) during two
spacing of 1.5 m by 3.5 m in the case of quince consecutive research years of 2021 and 2022.

rootstocks and 3.0 m by 3.5 m in the case of pear

Latitude = 41 56°

Longitude = 35.87°
Alttude = 2082 m

.
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t‘ﬂ'ﬁ'd‘“ '.
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Figure 4. Map of the research area
Sekil 4. Arastirma alaninin haritasi

Phenological Observations
Budburst date (BBD), before flowering date (BFD), Budburst date (BBD), before flowering date (BFD),
balloon stage date (BSD), first flowering date (FirFD), balloon stage date (BSD), first flowering date (FirFD),
full flowering date (FulFD), end of the flowering date full flowering date (FulFD), end of the flowering date

(EFD), fruit se
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(EFD), fruit set date (FSD), harvest maturity date
(HMD), and leaf fall date (LFD) (Figure 5) were
determined according to previous studies as
phenological observations (Oliveira et al., 2017; Kurt
et al., 2022). To record the occurance date of each
phenological stage, as illustrated in Figure 5, visual
inspections of the trees in the orchard were done
every day from the first of March until the fruit was
set. After then, the visual observations were
continued twice a week up to recording the date of
leaf fall in different rootstock and cultivar
combinations of pear trees (Oliveira et al., 2017). The
active growth duration was counted from the bud
burst date to the leaf fall, and the dormancy duration
was measured from the leaf fall to the bud burst date.
The period (in days) from the FirFD to the EFD was
calculated as the length of flowering (Mumtaz et al.,
2020). t date (FSD), harvest maturity date (HMD),
and leaf fall date (LFD) (Figure 5) were determined
according to previous studies as phenological
observations (Oliveira et al., 2017; Kurt et al., 2022).
To record the occurance date of each phenological
stage, as illustrated in Figure 5, visual inspections of
the trees in the orchard were done every day from the
first of March until the fruit was set. After then, the
visual observations were continued twice a week up to
recording the date of leaf fall in different rootstock
and cultivar combinations of pear trees (Oliveira et
al., 2017). The active growth duration was counted
from the bud burst date to the leaf fall, and the
dormancy duration was measured from the leaf fall to
the bud burst date. The period (in days) from the
FirFD to the EFD was calculated as the length of
flowering (Mumtaz et al., 2020).

Statistical Analysis

The research was carried out according to the three-
factorial randomized block design, with 3 cultivars, 8
rootstocks, 2 research years, and 3 replications. For
each replication 5 plants were used, and the average
of those five plants was counted as one replication.
The obtained data were analyzed in the IBM SPSS
21.0 statistical package program. The differences
between the obtained averages were determined
according to the Duncan Multiple Comparison Test at
the 5% level (p<0.05).

RESULTS

The results of the observations regarding all the
phenological stages in 2021 are given in Table 1.

In the research, the bud burst date (BBD) occurred
between April 19 and 28.. The BBD occurred the
earliest (19 April) in the ‘Deveci/BA29 combination
and the latest (28 April) in the 'Williams/FOX11
combination. The first flowering date (FirFD) took
place between April 26 and May 4. The FirFD
occurred the earliest (26 April) in the 'Deveci/on
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different rootstocks and the latest (4 May) in the
'Williams'/FOX11 combination. Full flowering date
(FulFD) occurred on 29 April-7 May, the earliest (29
April) observed in the combination of ‘Deveci/QA and
the latest (7 May) in the ‘Williams/FOX11. The
flowering date (EFD) ended between May 3 and 15..
The earliest EFD (3 May) was observed in the
‘Deveci’/FOX9, while the latest occurred in the
‘Williams/FOX11 on 15 May. The fruit set date (FSD)
was recorded between May 7 and 23.. The earliest
FSD occurred on May 7 in the ‘Deveci’ grafted on
BA29 rootstock, and the latest was recorded in the
‘Williams’ grafted on seedling rootstock on May 23.
The harvest maturity date (HMD) of the examined
cultivars was observed between August 14 and
October 28. The earliest (14 August) HMD was
obtained in the 'Santa Maria/QA combination, while
the latest (28 October) was in the 'Deveci’/seedling
interaction. The leaf fall date (LFD) occurred between
November 2 and 20.. It was determined that the
earliest LFD was observed on November 2 in the
'Santa Maria'/FOX9 interaction and the latest on
November 20 in the 'Deveci/FAROLD40 interaction
(Table 1).

Observations regarding all the phenological phases in
2022 are given in Table 2. The Budburst date (BBD)
occurred between April 9 and 12.. The BBD occurred
the earliest (9 April) in the 'Deveci' on different
rootstocks and 'Santa Maria' on OHxF87 rootstock,
the latest (12 April) on 'Williams' and ‘Santa Maria’
on BA29 and QA rootstocks. The first flowering date
(FirFD) occurred between April 17 and 23.. The
earliest (26 April) FirFD happened in the 'Deveci'on
different rootstocks, and the latest (23 April) in the
"Williamson QA and FOX9 rootstocks (Table 2).

Full flowering date (FulFD) was observed on 12-26
April, the earliest (12 April) observed in the ‘Deveci’
on pear clonal and seedling rootstocks, and the latest
(26 April) in the ‘Williams/FOX9 combination. The
end of the flowering date (EFD) occurred between
April 24 and May 7. The earliest EFD (24 April) was
observed in the Deveci/OHxF333, while the latest (7
May) occurred in the 'Williams'/QA combination. The
fruit set date (FSD) was recorded between May 7 and
15.. The earliest FSD occurred on May 7 in the
‘Deveci’ grafted on FAROLD4 rootstock, and the
latest (15 May) was recorded in the 'Williams' grafted
on different rootstocks. The harvest maturity date
(HMD) was observed between 10 August and 16
October. The earliest (10 August) HMD was recorded
in the ‘Santa Maria’ on QA and OHxF87 rootstocks,
while the latest (16 October) was in the
"Deveci'/seedling combination. The leaf fall date (LFD)
occurred between November 10 and 29.. The earliest
LFD was determined on November 10 in the ‘Santa
Maria’/BA29 and the latest on November 29 in the
interaction of ‘Deveci’/FOX11 (Table 2).
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Figure 5. Phenological stages of ‘Santa Maria’ cultivar grafted on FOX11 pear clonal rootstock
Sekil 5. FOX11 armut klon anaci tizerine asili 'Santa Maria' ¢esidinin fenolojik sathalar:
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Table 1. Phenological phases of European pear considering different combinations of rootstocks and cultivars in

the year 2021

Cizelge 1. 2021 yilinda farkli anag¢ ve gesit kombinasyonlar: dikkate alinarak Avrupa armudunun fenolojik

evreleri
Rootstocks Cultivars BBD BFD BSD FirFD FulFD EFD FSD HMD LFD

SM 22Apr 27Apr 29Apr 30Apr 3May 7May  10May 17Aug  5Nov
BA29 W 26Apr 28Apr 29Apr 30Apr 3May TMay 10May 09Sep 13Nov
D 19Apr 21Apr 23Apr 26Apr 3May 5May TMay 210ct  16Nov

SM 21Apr 23Apr 25Apr 26Apr 3May TMay 9May 14Aug  4Nov
Quince A W 26Apr 27Apr 28Apr 29Apr 3May TMay 10May 23Sep  13Nov
D 20Apr 22Apr 25Apr 26Apr 29Apr TMay 9May 230ct  17Nov

SM 25Apr 26Apr 28Apr 29Apr 4May 9May 17May 17Aug 2Nov
FOX9 W 26Apr 28Apr 30Apr 1May  5May 9May 21May 13Sep 11Nov
D 22Apr 25Apr 27Apr 28Apr 30Apr 3May 14May 210ct 17Nov

SM 22Apr 24Apr 25Apr 27Apr 3May 6May 9May  20Aug TNov
FOX11 W 28Apr 30Apr 3May 4May  7May 15May 21May 10Sep 14Nov
22Apr 24Apr 26Apr 27Apr 3May 6May 11May 210ct 18Nov

SM 21Apr 22Apr 24Apr 26Apr 3May TMay 11May 17Aug 5Nov
OHxF333 " 26Apr 29Apr  30Apr 1May  4May 6May 10May 16Sep 13Nov
21Apr 22Apr 24Apr 26Apr 3May 6May 9May 210ct  19Nov

SM 22Apr 23Apr 25Apr 26Apr 3May 8May 17May 20Aug  3Nov
OHxF87 " 25Apr 28Apr 29Apr 2May 5May 12May 19May 13Sep  11Nov
D 20Apr 22Apr 24Apr 27Apr 1May 4May 16May 210ct 16Nov

SM 26Apr 27Apr 29Apr 1May  5May 8May 12May 17Aug  8Nov
FAROLD40 W 27Apr 29Apr  30Apr 1May  4May 9May 18May 8Sep 17Nov
D 23Apr 26Apr 27Apr 30Apr 3May 6May 10May 230ct 20Nov

SM 26Apr 28Apr 30Apr 3May 6May 11May 17May 20Aug 7Nov
Seedling W 27Apr 30Apr 1May 3May 6May 13May 23May 13Sep 14Nov
D 25Apr 27Apr  30Apr 1May  4May 9May 19May 280ct  19Nov

BBD: Bud Burst Date, BFD: Before Flowering Date, BSD: Balloon Stage Date, FirFD: First Flowering Date,
FulFD: Full Flowering Date, EFD: End of Flowering Date, FSD: Fruit Set Date, HMD: Harvest Maturity Date,
LFD: Leaf Fall Date. SM= ‘Santa Maria’, W= ‘Williams’, D= ‘Deveci’.

Flowering duration from the FirFD to the EFD of
different pear cultivars, including SM ('Santa Maria'),
W (Williams"), and D ('Deveci'), combined with eight
different rootstocks, was calculated as the length of
flowering and given in Figure 6. Concerning the
flowering period, there were noticeable variances
between the different combinations. In the research
year of 2021, the SM/OHxF87 combination showed a
considerably longer flowering duration (12 days).
However, flowering time was the shortest (5 days) in
the D/FOX9 combination. Significant results were
also acquired in the research year 2022; the
W/FAROLD40 combination illustrated the longest (17
days) duration of flowering, while the flowering time
was the shortest (6 days) in the D/FAROLD40
combination.

The research findings of the main effects of research
years, rootstocks, and cultivars, the factor two
combination effect, and the factor three combination
effect regarding active growth duration (AGD), are
1llustrated in Table 3. Except for the combined impact
of rootstock x cultivars (R x C), which was not

significant, all the other main effects and their
combination effects were obtained significantly. In the
case of the three combination effects of year x
rootstocks x cultivars (Y x R x C) on the AGD, the
results were obtained in the 187.00-228.34-day
range. In the study, the AGD was determined to be
the lowest (187.00 days) in the ‘Santa Maria/FOX9
combination in the research year 2021, while the
highest (228.34 days) in the ‘Deveci/FOX11
combination in the research year 2022 (Table 3). In
the case of the main effect of research year (Y) on the
AGD, the obtained results range from 198.38 to
219.46 days. In the study, the AGD was determined
to be the lowest (198.38 days) in the research year of
2021 and the highest (219.46 days) in the research
year of 2022 (Table 3). Considering the main effect of
rootstocks (R) on the AGD, the obtained results varied
between 206.33 and 211.33 days. The AGD was found
to be the lowest (206.33 days) on the BA29 and FOX9
rootstocks and the highest (211.33 days) on the
FOX11 rootstock (Table 3).
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Table 2. Phenological phases of European pear considering different combinations of rootstocks and cultivars in
the year 2022
Cizelge 2. 2022 yilinda farkli anag¢ ve g¢esit kombinasyonlar: dikkate alinarak Avrupa armudunun fenolojik

evreleri
Rootstocks Cultivars BBD BFD BSD FirFD FulFD EFD FSD HMD LFD
SM 12Apr 14Apr 17Apr 19Apr 24Apr 29Apr 10May 13Aug 10Nov
BA29 " 12Apr 14Apr 17Apr 19Apr 24Apr 30Apr 11May 31Aug 16Nov
D 10Apr 13Apr 15Apr 17Apr 21Apr 26Apr 10May 140ct 19Nov
SM 12Apr 14Apr 17Apr 19Apr 22Apr 29Apr 11May 10Aug 17Nov
Quince A " 12Apr 14Apr 19Apr 23Apr 25Apr 7May 15May 28Aug 18Nov
D 9Apr 11Apr 14Apr 17Apr 22Apr 26Apr 8May 120ct 23Nov
SM 11Apr 16Apr 18Apr 19Apr 24Apr 29Apr 11May 18Aug 19Nov
FOX9 w 10Apr 14Apr 19Apr 23Apr 26Apr 6May 15May 27Aug 13Nov
D 11Apr 13Apr 16Apr 17Apr 19Apr 27Apr 11May 120ct 21Nov
SM 12Apr 14Apr 18Apr 19Apr 23Apr 1May 9May 15Aug 19Nov
FOX11 w 11Apr 14Apr 16Apr 18Apr 24Apr 4May 12May 25Aug 27Nov
D 11Apr 14Apr 17Apr 19Apr 21Apr 29Apr 10May 190ct 29Nov
SM 11Apr 16Apr 18Apr 19Apr 24Apr 1May 11May 18Aug 12Nov
OHxF333 w 10Apr 14Apr 17Apr 18Apr 23Apr 4May 12May 31Aug 22Nov
D 9Apr 13Apr 15Apr 17Apr 19Apr 24Apr 10May 140Oct 26Nov
SM 9Apr 11Apr 18Apr 19Apr 24Apr 26Apr 9May 10Aug 13Nov
OHxF87 W 11Apr 14Apr 16Apr 19Apr 23Apr 4May 13May 26Aug 28Nov
D 11Apr 13Apr 16Apr 18Apr 19Apr 27Apr 11May 120ct 18Nov
SM 10Apr 14Apr 16Apr 18Apr 22Apr 28Apr 9May 19Aug 18Nov
FAROLD40 W 10Apr 16Apr 17Apr 19Apr 24Apr 6May 13May 01Sep 20Nov
D 11Apr 16Apr 17Apr 19Apr 21Apr 25Apr 7May 140ct 22Nov
SM 11Apr 14Apr 16Apr 18Apr 21Apr 29Apr 11May 13Aug 22Nov
Seedling W 10Apr 13Apr 18Apr 20Apr 23Apr 6May 15May 04Sep 25Nov
D 9Apr 12Apr 16Apr 17Apr 19Apr 26Apr 12May 160ct 25Nov

BBD: Bud Burst Date, BFD: Before Flowering Date, BSD: Balloon Stage Date, FirFD: First Flowering Date, FulFD: Full
Flowering Date, EFD: End of Flowering Date, FSD: Fruit Set Date, HMD: Harvest Maturity Date, LFD: Leaf Fall Date. SM=
‘Santa Maria’, W= ‘Williams’, D= ‘Devect’.
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Figure 6. Flowering duration of different pear SM (‘Santa Maria’), W (‘Williams’), and D (‘Deveci’) pear cultivars
combined with different rootstocks

Sekil 6. Farkli anaclarla kombine edilen farkl armut cesitlerinin SM (‘Santa Maria!), W (Williams!) ve D
("Devect!) ¢iceklenme siiresi
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Table 3. Active growth duration of European pear considering different rootstocks, cultivars, research years, and their
combination

Cizelge 3. Farkli anaclar, ¢esitler, arastirma yillar: ve bunlarin kombinasyonlari dikkate alinarak Avrupa armudunun
aktif biiytime stiresi

Rootstocks (R) Cultivars (C) Year Total
2021 2022
Mean Mean Mean
BA29 Santa Maria 193.1+£2.30 pqr 208.0+2.32 j-m & 200.6+3.65 A T @
Williams 197.7£2.31 opq 214.1+£2.33 gk 205.5+4.07 A
Deveci 207.2+2.30 k-n 219.0+2.29 c-h 213.0£3.05 A
Quince A Santa Maria 193.0+2.32 pqr 215.4+2.28 f-) 204.1+£5.13 A
Williams 197.3+2.29 opq 216.0+2.31 f-i 206.5+4.49 A
Deveci 207.0+2.30 k'n 224.7+2.30 a-e 215.4+4.07 A
FOX9 Santa Maria 187.0£2.31 r 218.44+2.31 d-1 202.5+7.08 A
Williams 195.2+2.32 pq 213.84+2.30 h-1 204.1+4.28 A
Deveci 205.1+2.32 mn 220.6+2.30 b-h 212.5+3.65 A
FOX11 Santa Maria 195.0+2.30 pq 217.2+2.29 e-1 206.0+£5.13 A
Williams 196.0£2.29 pq 226.4+2.32 abc 211.3+6.86 A
Deveci 206.0+£2.32 Imn 228.4+2.33 a 217.0£5.13 A
OHxF333 Santa Maria 194.5+2.31 pqr 211.0+2.30 i-m 202.5+4.07 A
Williams 197.7+2.32 opq 222.4+2.30 a-f 209.5+5.77 A
Deveci 208.1+2.30 j-m 227.0+2.31 ab 217.5+4.49 A
OHxF87 Santa Maria 191.0+£2.29 gr 214.5+2.32 g-k 202.4+5.34 A
Williams 196.0+2.32 pq 227.0+£2.30 ab 211.6£7.08 A
Deveci 206.6+2.33 Imn 217.3+2.32 e-1 211.5+2.86 A
FAROLD40 Santa Maria 192.0+£2.31 qr 218.0+£2.33 d-i 205.3£5.99 A
Williams 200.0+2.30 nop 220.0+£2.30 b-h 210.0£4.70 A
Deveci 207.4+2.30 I'n 221.5+2.29 a-g 214.2+3.45 A
Seedling Santa Maria 191.0+2.31 qr 221.2+2.29 a-g 206.0+£6.86 A
Williams 197.3+2.32 opq 225.44+2.30 a-d 211.0+6.42 A
Deveci 204.0+£2.31 mno 226.0+£2.32 abc 215.3£5.13 A
Pooled Standard Error () 2.309 1.041
Significance 0.022 0.283
Y
Years (Y) 198.4+0.82 B 219.5+0.74 A +1 @
Pooled Standard Error () 1.041
Significance 0.001
2021 2022 Total Mean
Rootstocks BA29 199.0+2.38 ¢ 213.6+£1.96 b & 206.3+2.32 B+ @
Quince A 199.0+2.38 ¢ 218.3+1.83 ab 208.7+2.66 AB
FOX9 195.7+2.84 ¢ 217.0+£1.55 ab 206.3+3.02 B
FOX11 199.0+2.10 ¢ 223.6+2.04 ab 211.3+£3.36 A
OHxF333 199.7+£2.42 ¢ 220.0+2.62 ab 209.8+3.01 A
OHxF87 197.7+2.88 ¢ 219.3+2.27 ab 208.5+3.09 AB
FAROLD40 199.6+2.45 ¢ 219.7+1.23 ab 209.7+£2.76 A
Seedling 197.3+2.20 ¢ 224.0+1.38 a 210.6+£3.47 A
Pooled Standard Error () 1.333 1.041
Significance 0.002 0.001
2021 2022 Total Mean
Cultivars Santa Maria 192.0+0.83 e 215.2+1.06 b & 203.6£1.82 C+ @
Williams 196.8+0.73 d 220.4+1.27 a 208.7+1.86 B
Deveci 206.2+0.72 ¢ 222.7+1.04 a 214.5+1.35 A
Pooled Standard Error () 0.816 1.041
Significance 0.001 0.001

:Means with different letters in the same column are significant. 7! Means with different letters in the same row are
significant. ®: Rootstock x Cultivar combined effect, year main effect, rootstock main effect and cultivar main effect are
specified with capital letters. *:The RootstockxCultivarxYear combined effect, Rootstocks x Year combined effect, and Cultivar
x Year combined effect are specified with small letters. N=144 ( 8 rootstocks * 3 cultivars * 2 years* 3 replications = 144).

573



KSU Tarim ve Doga Derg 27 (3), 565-577, 2024
KSU J. Agric Nat 27 (3), 565-577, 2024

Aragtirma Makalesi
Research Article

The main effects of research years, rootstocks and factor three combination effects on the dormancy
cultivars, the factor two combination effects, and the duration (DD) are given in Table 4.

Table 4. Dormancy duration of European pear considering different rootstocks, cultivars, research years, and their
combination

Cizelge 4. Farkli anacglar, cesitler, arastirma yillar1 ve bunlarin kombinasyonlar: dikkate alindiginda Avrupa armudunun
dinlenme siiresi

Rootstocks (R) Cultivars (C) Year Total
2021 2022
Mean Mean Mean
BA29 Santa Maria 167.0+£2.30 a 152.4+2.29 a 4 159.7+3.65 At ®
Williams 163.0+£2.30 a 146.0+£2.30 a 154.5+4.07 A
Deveci 153.0+2.30 a 141.0+£2.29 a 147.0+£3.05 A
Quince A Santa Maria 167.0+2.31 a 145.0+£2.29 a 156.0+5.13 A
Williams 163.4+2.30 a 144.7+£2.30 a 154.1+4.46 A
Deveci 153.0+2.32 a 136.0+2.30 a 144.5+4.07 A
FOX9 Santa Maria 173.6+£2.31 a 142.0+2.30 a 157.8+7.08 A
Williams 165.0+2.30 a 147.0+2.31 a 156.0+4.28 A
Deveci 155.0+2.29 a 140.0+2.29 a 147.5+3.65 A
FOX11 Santa Maria 165.3+2.30 a 143.0+2.30 a 154.1+5.13 A
Williams 164.0+2.29 a 134.0+£2.29 a 149.0+6.86 A
Deveci 154.0+2.29 a 132.0+2.30 a 143.0+5.13 A
OHxF333 Santa Maria 166.0+2.30 a 149.0+2.31 a 157.5+4.07 A
Williams 163.0+2.30 a 138.0+2.30 a 150.5£5.77 A
Deveci 152.0+2.31 a 133.0+2.31 a 142.5+4.49 A
OHxF87 Santa Maria 169.0+2.30 a 146.0+2.30 a 157.5+5.34 A
Williams 164.0+£2.29 a 133.0+2.29 a 148.5+7.08 A
Deveci 154.0+2.31 a 143.0+2.31 a 148.5+2.86 A
FAROLD40 Santa Maria 168.0+2.32 a 142.0+2.31 a 155.0£5.99 A
Williams 160.0+2.30 a 140.0+£2.29 a 150.0+4.70 A
Deveci 153.0+2.30 a 139.0+2.30 a 146.0+£3.45 A
Seedling Santa Maria 169.0+2.31 a 139.0+2.30 a 154.0+6.86 A
Williams 163.0+2.32 a 135.0+£2.29 a 149.0+6.42 A
Deveci 156.0+2.29 a 134.0+2.31 a 145.0+5.13 A
Pooled Standard Error (+) 2.887 2.041
Significance 0.219 0.695
Y
Years (Y) 161.6+0.82 A 140.5+0.74 B 11 ©
Pooled Standard Error (+) 0.589
Significance 0.001
2021 2022 Total Mean
Rootstocks BA29 161.0+2.38 a 146.3+1.96 b 4 153.7+2.32 At ®
Quince A 161.1+2.38 a 141.7+1.83 be 151.3+2.72 AB
FOX9 164.3+2.84 a 143.0+£1.55 be 153.7+3.06 A
FOX11 161.0+2.10 a 136.3+2.04 ¢ 148.7+3.31 B
OHxF333 160.3+2.42 a 140.0+£2.62 be 150.2+3.01 AB
OHxF87 162.1+2.48 a 140.7+2.57 be 151.5+£3.09 AB
FAROLD40 160.3+2.45 a 140.3+1.23 be 150.3+2.76 AB
Seedling 162.7+2.20 a 136.0+1.38 ¢ 149.3+3.47 B
Pooled Standard Error (+) 1.667 1.041
Significance 0.031 0.023
2021 2022 Total Mean
Cultivars Santa Maria 168.0+0.83 a 144.7+£1.06 d 4 156.4+1.82 A+ @
Williams 163.1£0.73 b 139.6+£1.27 e 151.3+1.86 B
Deveci 153.8+0.72 ¢ 137.3t1.44 e 145.5+1.35 C
Pooled Standard Error (+) 1.041 0.722
Significance 0.001 0.001

2 Means with different letters in the same column are significant. i1 Means with different letters in the same row are
significant. ®: Rootstock x Cultivar combined effect, year main effect, rootstock main effect and cultivar main effect are
specified with capital letters. *: The Rootstock x Cultivar x Year combined effect, Rootstocks x Year combined effect, and
Cultivar x Year combined effect are specified with small letters. N=144 ( 8 rootstocks * 3 cultivars * 2 years* 3 replications =
144).
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Except for the combined impact of research year x
rootstock x cultivars (Y x R x C) and rootstock x
cultivars (R x C), which were recorded as
insignificant, all the other main effects and their
combination effects were acquired as significant.
Regarding the main impact of research year (Y) on
the DD, the obtained results range from 140.54 -
161.63 days. In the study, the DD was determined as
the lowest (140.54 days) in the research year of 2022
and the highest (161.63 days) in the research year of
2021 (Table 4). Considering the main effect of
rootstocks (R) on the DD, the obtained results varied
between 148.67 - 153.67 days. The DD was found to
be the lowest (148.67 days) on the FOX11 rootstock,
while the highest (153.67 days) on the BA29 and
FOX9 rootstocks (Table 4). The main effect of
cultivars (C) on the DD is ranging 145.50 - 156.38
days. The DD was acquired the lowest (145.50 days)
in the ‘Deveci’ while the highest (156.38 days) in the
‘Santa Maria’ cultivar (Table 4).

DISCUSSIONS

The phenological observations obtained during the
investigation revealed notable variations based on the
years (Pio et al., 2023) and certain differences based
on rootstocks and cultivars (Kurt et al., 2022). The
difference between the years was due to the climatic
differences in the research years (Kurt et al., 2022;
Pio et al.,, 2023). The research determined that the
temperature values in April and after that, when the
buds burst and the active vegetative growth began,
were higher in 2022 compared to 2021 (Figure 1). Due
to that, the phenological stages started earlier in
2022; on the contrary, the active growth period ended
earlier in 2021 (20 November) than the research year
of 2022 (29 November). From the 24 combinations in
2021, it was observed that the ‘Deveci’ cultivar
grafted on BA29 showed earlier phenological stages
compared to other combinations. In 2022, the same
cultivar, namely 'Deveci', illustrated earlier
phenological phases on different rootstocks. No
obvious differences were observed between rootstocks
regarding harvest maturity date, especially in 2021,
but the rootstocks showed distinct variation with the
similar cultivar combination. The differences between
cultivars were noticeable, considering the harvest
maturity date (around 70 days between 'Santa Maria'
and 'Deveci). It was observed that the cultivar with
the earliest fruit harvest was ‘Santa Maria’ and the
latest was ‘Deveci'. The different genetic make-up of
the trees brings on this circumstance.

It was noted in earlier studies on related topics that
the phenological variations between cultivars were
mainly caused by genetic variations as well as the
climate in which trees are grown (Dondini and
Sansavini, 2012; Osmanoglu et al., 2013; Oztiirk et
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al., 2016; Ozturk et al., 2022). In hot and dry weather,
all the flowers on the tree open quickly; in cool and
rainy weather, flowering continues on the same tree
for 2-10 days (Kurt et al., 2022). On the contrary, Pio
et al. (2023) stated that under subtropical climate
situations, pear trees without the use of irrigation
had a very long flowering duration as compared to the
irrigated trees. This can cause an extension of the
harvest duration as well. Our research observed that
the temperature (Figure 1) and humidity (Figure 2)
values at the end of April and May, when flowering
occurs, were higher in 2022 than in the research year
of 2021. The flowering season was shortened in 2022
due to the higher temperature and relative humidity.
It has been noted that the phenological indicators we
observed in the research are consistent with the
findings of earlier investigations. Considering the 24
treatment combinations of the present research, it
took 9-10 days for the buds to pass from dormancy
(bud burst) to the full bloom stage in 2021 and 8-11
days in 2022. While considering the cultivars, it took
approximately 11 days for ‘Santa Maria’, 14 days for
'Williams', and 8 days for the 'Deveci' cultivar. This
means that the ‘Deveci’ cultivar’s flowering habit is
more synchronized than other cultivars that were
used in the study. Similar results were reported by
Pio et al. (2023), who stated that some cultivars
flowering habits are more synchronized while they
compared various cultivars’s flowering periods. The
prolonged period from bud burst to full flowering can
decrease fruiting, probably because of competition for
nutrient elements between the vegetative growth and
flowering buds. So, this period should be taken
strictly into consideration to avoid a breakdown in the
normal fruiting of the trees (Oliveira et al., 2017).
Considering the phenological stages of nine pear
cultivars ('William Bartlett', 'Fertility’, 'Chinese
Sandy Pear', 'Clapp's Favourite', 'Max Red Bartlett',
'Kings Pear', 'Beurre de Amanalis,! 'Carmen' and
'Abate Fetel') in the temperate climatic condition of
India, all the cultivars were reported to perform
significant differences in their phenological stages
and flowering performance. The flowering pattern of
cultivars revealed that ‘Chinese Sandy Pear’ and
'Kings Pear' were the first to come into flower,
followed by 'Clapp's Favorite'’ and 'Beurre de
Amanalis', whereas 'William Bartlett', 'Max Red
Bartlett', 'Fertility', 'Carmen', and 'Abate Fetel' were
observed to be late bloomers. The flowering duration
reported was longest (15 days) in 'Fertility' followed
by 14.67 and 14.22 days in 'William Bartlett' (14.67
days), ™Max Red Bartlett' (14.22 days), and the
shortest (11.45 days) in 'Chinese Sandy Pear'
(Mumtaz et al., 2020). Similarly, our study observed
differences in the flowering behavior between the
various rootstock and cultivar combinations that were
used in the study. In pear trees, understanding the
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flowering time is an important criterion due to the
need to synchronize flowering with pollinating
cultivars (Pio et al., 2023), as most pear cultivars
have gametophytic self-incompatibility, causing the
trees to reject their own pollen (Bisi et al., 2019;
2021). Therefore, they depend on cross-pollination,
and the use of two to three pear cultivars with a
coincident flowering period is strictly recommended
for pear orchards (Tatari et al., 2017). Phenological
stages of pear trees, including flowering, are
influenced by many internal and external factors, like
light intensity, hormone concentration, plant age
(Cong et al., 2023), cultivars (Kumar et al., 2023),
rootstocks (Kurt et al., 2022), and temperature
(Fadon et al., 2023), especially temperature in the
previous growing season as well as during the
dormancy period of trees (Martinez-Nicolas et al.,
2016; Fernandez et al., 2021). Similarly, in our study,
the phenological stages and dormancy period were
significantly affected by different pear cultivars,
rootstocks, and climatic situations in the two
consequent research years.

CONCLUSION

Due to the short duration of productive growth stages
ranging from flower formation to fruit harvest, the
‘Santa Maria’ pear cultivar in combination with all
rootstocks was found to be the best for Samsun
ecological conditions (temperate humid). Also, the
'Williams' cultivar in combination with all rootstocks
observed ideal in the second position. However, the
'Devect' cultivar, in combination with all rootstocks,
needs very long productive growth from flower
formation to fruit harvest, which 1is negatively
affected by biotic and abiotic stresses. While the
‘Deveci’ cultivar in combination with the FOX9 and
OHxF87 rootstocks observed better combinations
than others due to the shorter productive growth
period, Briefly, the AGD and DD of fruit trees should
be understood to manage fruit orchards effectively
and scientifically. Finally, combining cultivars with
rootstocks that exhibit lower AGD in temperate,
humid climates is suggested since this will be more
effective at reducing the negative impacts of stress
factors.
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OZET Bahge Bitkileri

Calismada farkli (%40, %55, %75 ve %95) golgelendirme

seviyelerinin domates (Kamenta Fi) bitkisinde verim ve kalite Aragtirma Makalesi
iizerindeki etkisi incelenmistir. Deneme 2020 yili (Nisan-Agustos)

yetigtirme mevsiminde gergeklestirilmigtir. Denemede domates Makale Tarihgesi
bitkisinde yaprak sicakligi, klorofil icerigi, yaprak oransal su igerigi, Gelig Tarihi @ 30.12.2022
yesil aksamda makro ve mikro besin element konsantrasyonu, Kabul Tarihi :25.08.2023
domates meyve suyunda suda ¢ozunebilir kuru madde ve ph icerigi,

yesil aksamda toplam fenolik ve flavonoid miktari, meyve verimi ve Anahtar Kelimeler

meyve sayisina bakilmistir. Calisma sonucunda kontrol (golgesiz) Antioksidan

uygulamas:1 altindaki bitkilerde yaprak sicakliginda artis olmustur. Domates

Golgelendirme uygulamalar: yaprak oransal su iceriginde, klorofil Golgelendirme

miktarinda ve meyve verimi artiginda etkili olmustur. Meyve Fenolik

veriminde golgelendirme uygulamasimin diger uygulamalara gore Flavonoid

%55 daha etkili oldugu gorilmiistir. Sonu¢ olarak uygulanan
golgelendirme uygulamalarinin Kamenta F: domates c¢esidinde
meyve verimini ve kalitesini olumlu etkiledigi sonucuna varilmigtar.

The Response of Different Shading Applications in Terms of Yield, Quality and Antioxidant in Tomato

Plant
ABSTRACT Horticulture
In the study, the effects of different 40%, 55%, 75% and 95%) shading
levels on yield and quality of tomato (Kamenta Fi1) plant were Research Article
investigated. The experiment was carried out in the growing season
of 2020 (April-August). In the experiment, leaf temperature, Article History
chlorophyll content, leaf relative water content, macro and micro Received :30.12.2022
nutrient concentration in green parts, water-soluble dry matter and Accepted 1 25.08.2023
pH content in tomato juice, total phenolic and flavonoid content in
green parts, fruit yield and number of fruits were examined in the Keywords
experiment. As a result of the study, there was an increase in leaf Antioxidant
temperature in plants under control (without sading) application. Tomato
Shading applications were effective in the relative water content of Shading
the leaves, the amount of chlorophyll and the increase in fruit yield. Phenolic
It has been observed that 55% shading application is more effective Flavonoid

in fruit yield than other applications. As a result, it was concluded
that the shading applications applied positively affected the fruit
yield and quality of Kamenta F1 tomato variety.

Atif Icin:  Kartal, A., Akhoundnejad, Y., Daskan, HY., Temur, B., & Ersoy, L. (2024). Farkli Gélgelendirme
Uygulamalarinin Domates Bitkisinde Verim, Kalite ve Antioksidan Ac¢isindan Tepkisi. KSU Tarim ve Doga
Derg. 27(3), 578-585. DOI: 10.18016/ksutarimdoga.vi.1226771.
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GIRIS familyasina ait olup patatesten (Solanum tuberosum

Domates (Solanum Iycopersicum L.) Solanaceae L.) sonra en fazla yetistirilen énemli sebzelerdendir



KSU Tarim ve Doga Derg 27(3), 578-585, 2024
KSU J. Agric Nat 27(3), 578-585, 2024

Arastirma Makalesi
Research Article

(Quinet ve ark., 2019). Giiniimiizde tiim diinyada
yetistiriciligi yapilan domatesin tretimi ve tiketimi
artarak devam etmektedir (Gerszberg ve ark., 2015).
Farkli gekillerde kullanimindan dolayr domatesin
onemi cokca artmaktadir (Ertiirk & Cirka, 2015).
Cogu sebzeler insan saghg i¢in gereklidir bunlardan
biri olan domates dinyada ve Tirkiye’de hem taze ve
hem de iglenmis olarak farkli  sekillerde
tiikketilmektedir (Sénmez & Ellialtioglu, 2014). TUIK
verilerine gore Turkiye’de 2021 yilinda sofralik
8.580.522 ton ve salcalik 4.514.736 ton olmak tlzere
toplamda 13.095.258 ton domates Uretimi olmustur
(Anonim, 2021). Domates yetistiriciligi Tiirkiye'de
hizla artig géstermekte ve hem 6rti altinda ve hem de
acikta yetistirilmesi yapilmaktadir (Belgiizar ve ark.,
2019). Nitekim, Tiirkiye; Cin, Hindistan, ABD’den
sonra dinyanin en biyuk dérdinct domates ureticisi
ulkesidir ve Turkiye'de domates turetimi, toplam
sebze Uretiminin yaklagik dortte birini
olusturmaktadir (Aksoy & Kaymak, 2016; Aksoy &
Kaymak, 2021).Diinyanin en popiiler sebzelerinden
olan domates likopen, fenolikler, organik asitler,
vitaminler ve diger bir¢cok faydali bilesen ac¢isindan
cokca zengindir (Giovanelli & Paradiso, 2002). Diinya
capinda en ¢ok tiketilen sebzelerden olan domates
bircok énemli antioksidanin ana kaynagidir (Rivero
ve ark., 2022). Daha 6nceden yapilan arastirmalara
gore domates ve domates uriinleri bireyleri gesitli
hastaliklara kargt korudugu tespit edilmigtir
(Agarwal & Rao, 2000). Domateste ¢okca bulunan ve
insan saghgr acgisindan ¢ok yararli olan likopen
insanlar1 kanser ve kalp hastaliklarina kars1 koruma
saglar (Waheed ve ark., 2020). Domates ve domates
uriinlerinde 6nemli miktarda karotenoidler dahil
olmak tizere fenolik, flavonoid, vitaminler ve c¢ok
sayida mineral element bulunmaktadir (Pinela ve
ark., 2016).

Tarimsal Uretim iklim degisikliginin olumsuz
etkilerinden en c¢ok etkilenen sektorlerin basinda
gelmektedir (Dasgan ve ark., 2021). Asin
sicakliklarin son zamanlarda daha sik ve daha yogun
olmakla  birlikte daha uzun  slrecegi de
belirtilmektedir (Meehl ve ark., 2007). Cevresel
etmenlerden olan sicaklik, giines radyasyonu ve
kuraklik domates {iriin verimini etkilemektedir (Pek
ve ark., 2008). Abiyotik  stres faktorleri bitki
biylimesi ve gelisimi tlizerinde dogrudan etkileri
olmasindan dolay1 yiksek ve dusik sicaklik
bitkilerde trtin verim ve kalitesini distirmektedir
(Ferrante & Mariani, 2018). Sicaklik domates
bitkisinde hasat oOncesi meyve gelisimi ve birgok
onemli  biyolojik  slirecin  olugmasinda  etkili
olmaktadir (Tadesse ve ark., 2015). Yiriittikleri
calismalarinda golgelemenin domates meyvelerinde

likopen icerigini arttirdigim bildirmislerdir
(Hernandez ve ark., 2019). Yiiksek 1s1k yogunlugu
domates meyvelerinde  gorinim ve  gelisim
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bozukluklarina yol agmaktadir (Dorais ve ark., 2001;
Ozer, 2017). Yiksek sicakliklar domates dahil olmak
uzere cesitli bitkilerde bir¢cok morfolojik ve fizyolojik
stireclerin olumsuz etkilenmesinde aktif rol oynar
(Kirbay & Ozer, 2015; El-Mansy ve ark., 2021).
Golgeleme bitkilerde trin veriminin artmasinda ve

su tiketiminin azalmasinda etkili olan
yontemlerdendir (Ahemd ve ark., 2016). Gélgeleme
uygulamasinin  kontrole (gélgesiz) gére marul

bitkisinde bitki blyime indekslerini ilk hasatta
artirmistir (i ve ark.,, 2017). Domateste %40
golgelendirme uygulamasi verimi artirarak
meyvelerde olusan catlama ve giines yamkliklarini
ortadan kaldirmistir (Ilic ve ark., 2012). Benzer
sekilde, %50 golgelendirme kapasitesindeki file
kullanimi domates ve aci biber bitkilerinde meyve
verimini arttirmistir (Masabni ve ark., 2016).
Belirtilen bu nedenlerle, bu artastirma, farkh
golgelendirme uygulamalarinin domateste verim,
kalite ve antioksidan kapasite uzerine etkilerini
belirlemek amaciyla yuritilmustir.

MATERYAL ve METOD

Calismada bitki materyali olarak Kamenta F1 sanayi
domates cesidi kullamlmigtir. Aragtirma Sirnak Idil
ilgesi Cigir koylnde gerceklestirilmigtir.
Golgelendirme olarak %40, %55, %75 ve %95
golgelendirme fileleri kullamlmistir (Sekil 1). Kontrol
uygulamasinda gélgelendirme filesi kullanilmamigtar.
Golgeleme uygulamalarimin yerden (topraktan)
yikseklik mesafesi 2.5-3 m olacak sekilde
diizenlenmigtir. Tim uygulamalar altindaki fideler
dikimleri 16 Nisan tarihinde gerceklestmigtir.
Dikimden 30 giin sonra golgelendirme uygulamalar:
kullanilmigtir. Sira araliklar1 fidelerde sira tzeri 50
cm ve sira arasi 120 cm olarak dizenlenmigtir.
Deneme Tesadif bloklar1 deseni 3 tekrarli ve
tekrarda 10 bitki olacak sekilde tasarlanmistir.

Denemede yapraklardaki klorofil miktar: spad metre
ile sabah (9:00-10:00) saatlerinde, yaprak sicaklig
infrared termometre (°C cinsinden) ile sabah (08:00-
10:00) saatlerinde, domates meyve suyunda
coziinebilir kuru madde (SCKM) refraktometre ile,
domates meyve suyunda ph igerigi ph metre ile meyve
verimi (gram bitki!) uygulamalardaki tiim meyveler
alinarak hassas terazide tartilarak, meyve (adet bitki-
1) sayis1 tiim meyveler sayilarak, yapraklarda fenolik
(mg g'!) madde miktar1 Spanos ve Wrolstad (1990) ile,
yapraklarda flavonoid (mg g?) icerigi Quettier ve ark.
(2000) ile yapraklardaki makro kalsiyum (Ca),
potasyum (K), azot (A) ve magnezyum (Mg) mikro
elementler ¢inko (Zn), demir (Fe) ve bakir (Cu) icerik
miktarlar1 i¢in denemeden alinan yaprak ornekleri
etiv ortaminda 70 °C’ de 48 saat boyunca
kurutulmustur. Ardindan kurutulmus ornekler 200
mg olarak 500-550 °C’ de 8 saat sture ile kil firinda
yakilmigtir. Yaprak 6rneklerinin tizerine %3.3 HCI ile
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saf su koyularak atomik absorbsiyon spektrometrede Oransal Su Igerigi (%) = (TA — KA) / (TGA — KA) x
okumalar: yapilmistir (Jones, 1983). Azot tayini de 100
Khejdahl yontemi kullanilarak belirlenmigstir. Yaprak TA: Taze agirhik

oransal su icerigi (Sanche ve ark.,2003; Tiirkan ve KA: Kuru agirhik
ark., 2005) asagidaki formiil ile belirlenmistir. TGA: Turgor agirlig
%40 %55 %75 %95
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Sekil 1. Kullanilan golgeleme fileleri
Figure 1. Shading nets used

Tklim Verileri degerleri kayit altina alinmistir. Golgeleme
Deneme siiresi boyunca iklim verileri tiim uygulamalarinin sicaklik ve nem degerleri dijital
uygulamalarda kaydedilmistir. Deneme zamaninda termometre yardimi ile kaydedilerek belirlenmistir.

ortalama sicaklik degerleri ve hava oransal nem
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Sekil 2. Deneme siiresi boyunca alinan sicaklik ve hava oransal nem verileri
Figure 2. Temperature and air relative humidity data taken during the trial period

Istatistik Analizler yaprak sicakligina ve klorofil icerigine etkisi Cizelge

Veri istatistik analizi deneme sonunda (jmp 13) paket I'de verilmistir. Uygulamalarin yaprak sicakhigina

programi kullanilarak ve ortalamalarda LSD testine etkisi istatistiksel olarak farkh bulgnmustur.
gére yapilarak hesaplanmistir. Denemede en digiik yaprak sicaklik degeri kontrole

gore %16.68 azalisla %95 (24.42°C) gélgeleme
BULGULAR ve TARTISMA uygulamasi altinda bulunmustur. En yiksek yaprak
sicaklik degeri ise Kontrol (29.31°C) uygulamasindan

Farkh golgelendirme uygulamalarimn — domates elde edilmigtir. Ortam sicakliginin arttisi stomalarin

580
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acilip kapanmasimi olumsuz olarak etkiledigi ve
ozellikle golgeleme ile stoma iletkenliginin arttig:
bildirilmektedir (Ozer, 2017; Leonelli & Wang, 2022).
Stoma iletkenligi (acilip kapanma hiz1) artis1
terlemenin artisini1 destekleyerek yaprak sicakligini
azaltmaktadir (Taiz & Zeiger. 2008). Domateste
bitkilerin asir1 sicakliga maruz kaldiklarinda yaprak
sicakliklarinda artma oldugu bilinmektedir
(Akhoundnejad & Dasgan, 2018). Nitekim, dometesin
ist yapraklarinda yiiksek 1sik yogunlunda sicaklik
artis1 daha yiiksek olmaktadir (Kim ve ark., 2019).
Domates bitkilerinde yaprak klorofil (SPAD)
miktarinda en etkili uygulama %40 (%61.30)
golgeleme uygulamasi olmustur. Kontrol (%49.25)
uygulamasinin diger uygulamalara kiyasla klorofil
miktarinda fazla etkisi olmamistir. %55, %75 ve %95
golgeleme altindaki bitkilerde c¢ikan sonuglar
arasinda istatistiksel olarak bir fark goérilmemistir
(Cizelge 1). Benzer, sonuclarin elde edildigi
calismalarda en yiiksek yaprak Kklorofil igerigi %50
golgelemenin oldugu domates bitkilerinde elde
edilmistir (Ozer, 2017). Bitkiler agir1 sicakliga maruz
kaldiginda klorofil miktarinda azalma gérilmektedir
(Aybak, 2002; Taiz & Zaiger, 2008). Yiiksek 1s1k
yogunlugu ve yiiksek sicaklik domates bitkisinde
klorofil iceriginde azalmaya neden olmustur (Zhou ve
ark., 2020). Yaprak oransal su iceriginde uygulamalar
arasinda farkhiklar gorilmiistir. %55 (%86.30)
golgelendirme uygulamas1 altindaki bitkilerde diger
uygulamalara gore daha ylksek ¢ikmigtir. Kontrol
(%63.99) uygulamas: altindaki domates bitkilerinde
¢ikan sonucglarin fazla bir 6nemi olmamigtir. Tim
golgeleme uygulamalar1 kontrol uygulamasiyla
karsilagtirnldiginda yaprak oransal su iceriklerinde

artis olmustur (Cizelge 1). En fazla artis oram1 %55
golgelendirme altindaki uygulamada gorilmis olup
artig oranm1 %34.86 diizeyinde olmustur. Genel olarak
bitkiler agir1 sicakliga maruz kaldiginda yaprak
icerigindeki su miktarinda azalma olmaktadir.
Sicakliga uzun siire maruz kalan domates bitkilerinin
yaprak oransal su igeriklerinde azalma meydana
gelmistir  (Karkute ve ark., 2021). Farkh
golgelendirme seviyeleri (%25, %50, %63 ve %75)
altinda yetigtirilen hiyarda da benzer sonuglar rapor
edilmistir (Semida ve ark., 2017). Yesil aksamda
farkli golgelendirme uygulamalarinin toplam fenolik
ve flavonid miktarina etkisi Cizelge 1’ de verilmigtir.
Toplam fenolik icerik miktarinda %95 (12.41 mg g)
golgelendirme uygulamasi altindaki  bitkilerde
kontrol uygulamasina gore %1.05°1ik bir artis oldugu
gorulmustir. %40, %55 ve %75 golgeleme altindaki
domates bitkilerinde kontrol uygulamasina kiyasla
fenolik icerik miktarinda azalma olmustur. Toplam
flavonoid konsantrasyonunda uygulamalar arasinda
onemli derecede farkhiliklar oldugu saptanmistir
(Cizelge 1). Kontrol (81.85 mg g1) uygulamasi en
etkili uygulama olmustur. %40 (74.10 mg g1), %55
(62.44 mg g1), %75 (58.98 mg g1) ve %95 (72.04mg g
1) golgelendirme uygulamalar: kontrol uygulamasiyla
karsilagtirildiginda hepsinde azalma olmus olup bu
azalma degerleri sirasiyla %9, %23, %27 ve %11
dizeyinde oldugu tespit edilmistir.Domates
bitkilerinde 1s1k yogunlugu ylksek oldugunda
flavonoidler bitkileri oksidatif hasara karsi korur
(Guidi ve ark., 1998; Stewart ve ark., 2000). Orti
altinda ve acgikta yetistirilen domateste 6rti altindaki
bitkilerde toplam flavonoid miktarinin daha dustuk
oldugu tespit edilmistir (Angmo ve ark., 2021).

Cizelge 1. Farkh goélgelendirme uygulamalarinin domates yaprak sicakligina, klorofil igerigine, yaprak oransal
su icerigine, yapraklardaki toplam fenolik ve Flavonoid icerigine etkisi

Table 1 . The effects of different shading applications on tomato leaf temperature, chlorophyll content, leaf
proportional water content, total phenolic and flavonoid content in leaves

Uygulamalar Yaprak Klorofil Yaprak oransal su Toplam Fenolik (mg Toplam Flavonoid (mg g)
(Applications) Sicakhig1 (°C) Miktar: icerigi (%) g (Total flavonoid)
(Leaf temperature)  (Amount of (Leaf proportinal (Total phenolic)
chlorophyll) water content)
Kontrol (Control) 29.31+0.12 a 49.25+0.23 b 63.99+0.44 d 12.28 + 0.03 a 81.85+0.52 a
%40 26.81+0.11b 61.30+0.36 a 79.18+0.11Db 11.46+£0.09b 74.10+£0.43Db
%55 25.49+0.09 ¢ 57.80 + 0.79 86.30 +0.89 a 10.28 £0.12 ¢ 62.44+0.18 d
ab
%75 25.58+0.15¢ 54.75 + 0.65 80.59+0.43 Db 11.62+0.06 b 58.98 + 0.02 e
ab
%95 24.42 + 0.25d 54.05 + 0.71 75.91+£0.83 ¢ 12.41+0.56 a 72.04+0.12 ¢
ab
LSD (LSD) 0.3030 24.47 1.092 0.052 0.500
P <.0001* 0.1590 <.0001* <.0001* <.0001*
**p<0.01, *p<0.05 diizeyinde énemli.
Farkli goélgelendirme uygulamalarinin domates igeriginde uygulamalar arasinda 6nemli derecede fark

meyve suyunda suda ¢oézinebilir kuru madde ve pH
icerigine etkisi Cizelge 2'de verilmigtir. SCKM

oldugu tespit edilmistir. SCKM igeriginde kontrol
(%6.49) uygulamasinin en etkili uygulama oldugu
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gorilmustir. Tuim golgelendirme uygulamalarinda
kontrol uygulamasina goére SCKM icerikleri daha
diisik gelmistir (Cizelge 2). Gélgelendirmenin
domates meyve suyunda SCKM igeriginde azalmaya
neden oldugu goérilmustir. Golgelendirme altindaki
bitkilerde suda ¢6ziinebilir kuru madde igerigi
diismektedir (Wada ve ark., 2006; Pek ve ark., 2012).
Domates meyve suyunda pH icerik miktarlarinin
birbirine yakin ciktig1 goériilmiistiir (Cizelge 2). Ph
icerik miktarinda %40 (%4.43) golgelendirme
altindaki bitkilerde kontrole gore %2.781ik bir artig
olmustur. En diisik pH miktarn1 da %55 (%4.17)
golgelendirme altindaki bitkilerden elde edilmigtir.
Domates meyve veriminde %55 (3404 gram bitki)
golgelendirme uygulamasi altindaki bitkilerde en iyi
sonuglar elde edilmigtir. %55 goélgelendirme altindaki
bitkiler kontrole gére verimde %62 oraninda bir artig
saglamistir (Cizelge 2). %95 (1964 gram bitkil)
golgelendirme altindaki bitkiler verimde diger

uygulamalara gore fazla etkili olmamistir. Sicaklik
arttiginda verimde azalmalar olmakta ancak
golgelendirme yapildig1 takdirde verimde iyilestirme
goriiliir (Ozer & Uzun, 2013). %50 gélgelendirme

uygulamasi altinda yetistirilen domates
meyvelerinden maksimum verim elde etmislerdir (El-
Bassiony ve ark., 2014). Domates bitkisinde

golgelendirme uygulamasi1 meyve verimini artirmistir
(El-Gizawy ve ark., 1993; Naraghi & Lotfi, 2010).
Toplam meyve sayisinda %40, %55 ve %75
golgelendirme uygulamalar: arasinda énemli bir fark
goriilmemistir. En fazla meyve sayis1 kontrol (27.78
adet bitki!) uygulamasinda tespit edilmistir. Kontrol
ve %95 golgelendirme uygulamalarinda meyve sayisi
diger uygulamalara gore daha fazla gelmistir (Cizelge
2). Genel olarak bitkiler stres kosullarina maruz
kaldiginda tirinin devami i¢in meyve Uretmeye
baglamaktadir.

Cizelge 2. Farkl golgelendirme uygulamalarinin domates meyve verimine, sayisina, meyve suyundaki SCKM ve

pH igerigine etki sayisina etkisi

Table 2. The effect of different shading applications on tomato fruit yield, number, TSS and pH content in fruit

Juice
Uygulamalar Verim Meyve Sayisi SCKM pH
(Applications) (gram bitki1) (adet bitki1) (SCKM) (pH)
(Yield) (Number of fruits)
Kontrol (Control) 2100+ 12.30 b 27.78+1.45a 6.49+0.45 a 4.31+0.02 ab
%40 2436+ 11.78 b 24.08+2.54Db 5.55+0.38Db 4.43+0.02 a
%55 3404 + 10.24 a 23.82+2.43Db 4.10+0.19d 417+0.94Db
%75 2116+ 14.30 b 2292+ 1.56Db 4.45+0.42 ¢ 4.39 + 0.45 ab
%95 1964 +19.45 Db 26.52 + 0.98 ab 5,75+ 0.11b 4.41+0.32 ab
LSD (LSD) 5117 1.01 0.024 0.018
P <.0001* 0.0861 <.0001* 0.2006

**p<0.01, *p<0.05 diizeyinde 6nemli.

Yesil aksamda farkli goélgelendirmelerin makro ve
mikro besin element icerigine etkisi Cizelge 3’ te
verilmigtir. Potasyum konsantrasyonun en fazla
oldugu uygulama %40 (%4.80) golgelendirme
uygulamasi olmustur. %95 (%3.33) golgelendirme
uygulamas1 altindaki bitkilerde K konsantrasyonu
diger uygulamalara goére daha dusik gelmistir
(Cizelge 3). Kalsiyum konsantrasyonunda, %55
(%4.10) gélgelendirme altindaki bitkilerde kontrole
gore %23Tlik bir artis olmustur. %95 (%3.23)
golgelendirme altindaki bitkilerde Ca miktarina fazla
bir etkisi olmamistir. Magnezyum miktarinda tiim
uygulamalar arasinda istatistiksel olarak bir fark
gorulmedigi saptanmigtir. Azot igeriginde %40
(%5.51), %55 (%6.7) ve %95 (%6.7) golgelendirme
uygulamalar1 kontrol (%7.7) uygulamasindan daha
diisiik gelmistir. %75 (%7.7) golgelendirme altindaki
bitkilerin N icerikleri kontrol (%7.7) uygulamasinin N
icerik degeriyle ayni gelmistir. %75 (178.4 ppm)
golgelendirme altindaki domates bitkilerinin yesil
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aksaminda demir icerik miktarinda kontrol (173.6
ppm) uygulamasina goére %2.75 artis olurken, %55
(165.6 ppm) golgelendirme altindaki bitkilerde %4.60
diizeyinde azalis oldugu tespit edilmistir (Cizelge 3).
%75 (38.24 ppm) golgelendirme bitkileri yesil
aksamda bakir igeriginin en fazla oldugu uygulama
olurken, Cu miktarinin en diisik oldugu uygulama
ise %95 (33.68 ppm) golgelendirme bitkilerinden elde
edilmistir. Domates yesil aksaminda ¢inko igerigin de
diger uygulamalara gore en fazla etkili olan
uygulama %75 (58.25 ppm) gélgelendirme uygulamasi
oldugu saptanmistir. Yesil aksamda mikro besin
element igeriklerinde %75 goélgelendirmenin daha
etkili oldugu gorilmiistiir (Cizelge 3). Bitkiler agir
yiksek sicakliklara maruz kaldiginda bitkilerde besin
element iceriginde duslsler yasanmaktadir. Stres
sartlar1 altinda domates bitkisinde kalsiyum ve
potasyum besin elementlerinde azalma olmaktadir
(Ali & Rab, 2017; Alp & Kabay, 2017).Yaptiklar
calismada %50 goélgelendirme domates bitkisinin
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yapraklarinda N, K ve Ca konsantrasyonunu 6nemli
derecede arttirmistir (El-Bassiony ve ark., 2014).
Biber bitkilerinde gé6lgelendirme uygulamasiyla
birlikte bitkilerin yapraklarindaki K, N, Ca ve Mg
konsantrasyonlarinda artis gorillmiistiir (Diaz-Perez,

2013). Portakal bitkisinin yapraklarinda bulunan
demir, bakir ve g¢inko mineral elementleri asiri
sicakliktan olumsuz etkilenmistir (El-Naby & ark.,
2020).

Cizelge 3. Farkli golgelendirme uygulamalarinin yapraklardaki makro ve mikro besin element igerigine etkisi
Table 3. The effect of different shading applications on the macro and micro nutrient content of leaves

Uygulamalar K (%) Ca (%) Mg (%) N (%) Fe (ppm) Cu (ppm) Zn (ppm)
(Applications) (K) (Ca) Mo (V) (Fe) (Cu) (Zn)
Kontrol 423+001b 3.31+002c 098+0.011a 7.70-004a 173.6+2.3b 3552+02lc 53.48+0.13¢
(Control)
%40 4.80£0.02a  3.39+0.001b 0.83+0.002a 551+0.02c¢ 1735+1.3b 3513+0.34c 52.52+0.01d
%55 4.61+ 0.05 a 4,10+ 0.04 a 0.94 £0.004 a 6.70+0.01 b 165.6 £2.9¢ 36.83 +£0.26 b 55.33 £0.23 b
%75 4.54+0.01 ab 3.32+0.06 ¢ 0.97 £0.002 a 7.70+£0.12 a 1784 +4.1a 38.24+0.61a 5825+0.11a
%95 3.33+0.07 ¢ 3.23+0.03¢c 0.83 £0.023 a 6.70 £ 0.23 b 172.4+3.1b 33.68+0.71d 53.48+0.15¢
LSD (LSD) 0.03 0.013 2.74 0.039 1.21 0.29 0.06
P <.0001* <.0001* 0.4786 <.0001* <.0001* <.0001* <.0001*

**pn<0.01, *p<0.05 diizeyinde 6nemli.

SONUC ve ONERILER

Sicaklik domates bitkisinin yaprak sicakliginda ve
meyve sayisinda artisa neden olmustur. Ancak bu
durumda meyve sayisi stresten dolayr kiiciik oldugu
icin verimde kayip gerceklestirilmigtir. Sicaklik
arttikca bitkilerde yaprak oransal su igceriginde diisis

olmustur. %75 golgelendirme uygulamasi
yapraklardaki demir, bakir ve ¢inko igeriginin
artmasinda etkili olmustur. Domates meyve

veriminde diger uygulamalara goére en iyl sonuglar
%55 golgelendirme uygulamasinda oldugu tespit
edilmigtir. %40 go6lgelendirme uygulamasi yaprak
klorofil igeriginde iyilestirmeye yardimci olmustur.
Uygulanan golgelendirme uygulamalari Kamenta F:
domates c¢esidinde incelenen parametrelerde olumlu
etkiye sahip oldugu belirlenmistir. Oneri olarak
Sirnak/ Idil kurak boélgesinde, ciftciler domates

yetigtiriciliginde %55 ve %75  gélgelendirme
kullanarak verim agisindan 1iyi  performans
gosterdigini tespit edilmistir.
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ABSTRACT Zoology
Rodents constitute an essential place among pest-vector animals; they
also have the potential to cause economic losses and health problems. Article Subject

The Red squill plant, which contains scilliroside, especially in its bulbs,
has been known as a rodenticide since the early 20th century. However,

Article History

little research reveals the Red squill’s potential as a rodenticide. For Received 118.09.2023
this purpose, we produced the baits, including different amounts of red Accepted 119.11.2023
squill powder with peanut butter, and we applied them on Rattus

norvegicus in the field in Ankara province and in laboratory conditions. Keywords

In field studies, it was determined that there was no feed avoidance Rodenticide

behavior against the bait containing 25 % or below Red squill powder Red squill

corresponding to 400 mg kg. In laboratory trials, it was found that if Scilliroside

Red squill is not covered with suitable material, such as paraffin wax, it Rattus norvegicus

deteriorates rapidly and loses its effectiveness due to contact with air.
The food contains between 15 — 25 % dried Red squill powder,
corresponding to 400 mg/kg, which was found to cause 50 % and more
mortality percentages, and it is suitable to apply as a rodenticide.

Botanik Rodentisiti Olarak Ada Sogami Tozu (Drimia maritima)
Rattus norvegicus Uzerine Bir On Caligma

Ankara province

Uzerinde; Ankara Ili'nde Yabani

OZET Zooloji

Zararli vektor hayvanlar arasinda 6nemli bir yer tutan kemirgenler,

ekonomik kayiplara ve saglik sorunlarina da neden olma potansiyeline Aragtirma Makalesi

sahiptir. Ozellikle soganinda scilliroside iceren ada sogam bitkisi, 20. : :

yuzyilin baglarindan beri kemirgen oldurici etkiye sahip oldugu Maljlale T.alr.lhge‘m

bilinmektedir. Bununla birlikte, ada soganinin bir kemirgen oldiiriici Gelis Tan}.n' ) 18.09.2023
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olarak potansiyeline 1sik tutan ¢ok az arastirma bulunmaktadir. Bu
amagla fistik ezmesi ile farklhi miktarlarda ada sogani tozu igeren
yemler hazirlanarak Ankara ilinde Norvec sicani (Rattus norvegicus)

Anahtar Kelimeler

uzerinde sahada ve laboratuvar kosullarinda uygulanmistir. Saha igje;:)tgl;tu
calismalarinda % 25 ada sogani tozu iceren yemlere karsi yemden el
kacinma davranisinin olmadigr belirlenmigstir. Yapilan laboratuvar i
denemelerinde ada soganinin parafin mumu gibi uygun bir malzeme ile BT AF

kaplanmadig1 takdirde hizla bozuldugu ve hava ile temasindan dolayi
etkinligini kaybettigi gérulmistir. 400 mg/kg veya daha fazlasina
tekabiil eden %15 — 25 arasinda kurutulmus ada sogani tozu iceren
yemlerin %50 ve daha fazla 6lum oranina neden oldugu ve bitkisel
rodentisit olarak kullanilabilecegi saptanmistir.
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INTRODUCTION

Since the beginning of humankind, human beings

have considered many animal species harmful and
developed different methods for struggling against
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them. Rodents are one of the most important groups
of animals; they have the potential to cause economic
losses and health problems as pest-vector. Grain
production is seriously damaged by rodents in 113
countries (Meerburg et al., 2009). Some rodents reside
in close proximity to human settlements and are
termed synanthropic rodents (ISSG, 2017), whereas
others are regarded as agricultural pests. Especially
synanthropic rodents are important in the spread of
zoonotic diseases such as humans bubonic plague,
typhus, Weil's disease, toxoplasmosis, trichinosis,
hantaviruses, babesiosis, Lyme disease, tularemia,
cutaneous leishmaniosis, etc. (Buckle & Smith, 1994;
Atkinson, 2000; Steppan et al., 2005; Gratz, 2006;
WHO, 2006; Robins et al., 2008; Khlyap &
Warshavsky, 2010; Khlyap et al., 2012; Kosoy et al.,
2015; Buckle, 2012; Wilson et al., 2016).

Around 70 rodent species are distributed in Turkiye
(Yigit et al., 1998; Yigit et al., 2006). There are
mainly a few synanthropic rodent species in Turkiye
such as Mus musculus (House Mouse), Mus
macedonicus (Balkan house mouse), Rattus
norvegicus (Norway rat), and Rattus rattus (Black
rat). Other rodent species belonging to the genus
Microtus species, known as voles, are the primary
pest in agricultural areas in Turkiye. Rat species are
originally native to south-eastern Asia (Buckle %
Smith 1994; Steppan et al., 2005; Gratz, 2006; Robin
et al., 2008; Wilson et al., 2016). According to the
criteria given by McNeely et al. (2001), synanthropic
rodents are called invasive alien species in Tirkiye.

Biocides, which encompass rodenticides, are now
categorized under the term pesticides according to
Regulation (EU) No 528/2012. The management of
rodent pests in agricultural and urban areas is
regulated by the Ministry of Agriculture and Forestry
and the Ministry of Health, respectively. Rodenticides
are generally considered acute and chronic (subacute)
effects under two groups. Acute-acting rodenticides
cause sudden death, while chronic ones cause death
after day four after ingesting the lethal dose (Buckle
& Smith, 1994; Buckle et al., 1994; Pelz et al., 1995).
Traditionally, the most commonly used acute-acting
rodenticide is wheat prepared by zinc phosphide,
known as poisonous wheat, and is commonly used in
agricultural fields but banned in urban places in
Turkiye. The disadvantage of acute rodenticides is
that the rodent develops avoidance behavior of
poisoned baits and causes secondary poisoning to
other animals (Rowe et al., 1970). This poisoning
occurs by direct consumption of the bait or via food
chains. Especially in agricultural areas, uncontrolled
use of acute rodenticides is known to cause the death
of non-target animals such as birds and mammals in
Turkiye.

Considering the risks created by acute rodenticides,
anticoagulant rodenticides have been used, especially
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in urban areas, after the 1950s. Firstly, the first-
generation anticoagulant rodenticides (FGARs) were
used in rodent control; after a while, the resistance to
FGARs appeared in rodents, and then the second-
generation anticoagulant rodenticides (SGARs) was
developed, but resistance against SGARs has been
detected in European and US rat populations (Buckle
& Smith, 1994; Pelz et al., 2005; Pelz & Muller, 2007;
Rost et al., 2009; Buckle, 2012; Runge et al., 2013).
Nowadays, the researchers are focused on the third-
generation anticoagulant production. In such a
circumstance, this may lead to increased interest in
acute rodenticides in the future.

One of the acute rodenticides is scilliroside (CAS
number; 507-60-8 and European Community (EC)
number; 208-077-4) and is naturally found in the
bulbs of the plant named red squill (Drimia maritima)
merits as an alternative rodenticide to zinc
phosphide, an advantage of this substance is that it
stimulates the vomiting reflex in accidental poisoning
of human and other mammals. Also, low water
solubility reduces the risk of environmental
contamination (Munch et al., 1929; Buck, 1936;
Crabtree, 1947; Verbiscar et al., 1986; Bozorgi et al.,
2017). This substance is not approved as a rodenticide
in the EU and US. The acute toxicity category is 2 in
EU regulations (Oral dose of LD50 ranges from 50 to
500 mg kg). Scilliroside is known to cause death due
to delayed myocardial repolarization and tachycardia.
However, further research is required; the precise
histopathological effects of these anticoagulant
rodenticides on organs and tissues are not well
understood. Studies have been primarily limited to
LD50 dose investigations and have not extensively
covered wild races of the Norway rat and black rat.
The toxicity and efficacy of scilliroside were reported
for bandicoot rat (Bandicota bengalensis) with
different LD50 doses for males (0.8 mg kg) and
females (0.5 mg kg) (Brooks and Htun, 1980). In
another report on scilliroside, Lewis (2004) reported
that LD50 of scilliroside is orally 430 mg kg (mg/kg or
mg kg 1) for laboratory rats. Also, it was stated that
the scilliroside may have where acute toxicants are to
be used. Red squill powder doses vary from female /
male 150 — 825 mg/kg (Munch et al., 1929; Buck,
1936; Crabtree, 1947; Verbiscar et al., 1986; Bozorgi,
2017).

This study gives the results of the analysis of field
and lab trials with a botanical rodenticide consisting
of powder from the Red squill bulb. The study aims to
determine the palatability and effectiveness of
botanical rodenticides for rats. In this context, the
study involves the evaluation of a plant-based
rodenticide with the potential for rodent control,
using wild Norway rats captured in Ankara province.
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MATERIALS and METHODS
Wild Norwegian Rats

Norway rats (Rattus norvegicus) were caught in and
around Ankara using Sherman live trap. All samples
were captured with the permission of the Ethics
Committee decision frame numbered 2020-11-92 and
the BAP project numbered 18B0430005 of Ankara
University.

Processing of Raw Material of Red Squill

MetaMeta Anatolia Company provided the bulbs of
red squill used in this study. The outer covers of the
bulbs were peeled, and the bulbs were divided into
small pieces. They were dried at 800C for 48 hours.
Dried pieces were ground with a grinder into powder.
This powder was kept in containers in the
refrigerator (Munch, 1929; Verbiscar et al., 1986).

The Locations and Field Trials

Field trials were conducted in the city center of
Ankara and its surrounding towns. Each night, a
total of 50 Sherman traps, comprising 25 with
poisonous baits and 25 with non-poisonous baits, were
used. The poisonous bait was prepared by adding red
squill powder to the peanut butter, while the plain
bait was peanut butter only. Both baits were placed
in carrots, and the carrot was piece set up in the
traps. Considering the average weights of Norway rat
samples previously caught from Ankara, the weights
of the rats varied from 174 to 345 grams, and the
average weight was around 260 grams (Yigit et al.,
1998). Thus, 100 mg of red squill powder was added
to every bait in the traps during trapping (100 mg of
red squill powder remains within reference dose
limits of 150 — 825 mg/kg; these values correspond to
25— 206 mg / 260 g rat).

Captured rats were transferred to the laboratory and
taken in individual cages, separating those caught in
the poisonous trap and those caught with plain baits.
The cages of both groups of rats were given standard
rat food (water and rat pellets), so rats were fed ad
libitum with solid feed and had free access to water.

Choosing the Dose and Determination of Doses for
Palatability

There is ongoing controversy regarding the LD50
doses for Rattus norvegicus, and no precise dose has
been proposed, particularly for wild Norway rats. The
amount of poison used in bait in the references is
given both for pure scilliroside form as well as in red
squill powder form; the doses of pure scilliroside
range from female/male rats 1.1 — 4.3 mg/kg: red
squill powder doses vary form female/male 150 — 825
mg/kg (Munch et al.,, 1929; Buck, 1936; Crabtree,
1947; Verbiscar et al., 1986; Bozorgi, 2017). Fresh and
dried red squill powder covered with paraffin wax was
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used in experiments. 400 mg/kg dose was chosen by
the considering reference range of 150 — 825 mg/kg.
Thus, the trials started with testing reference doses of
400 mg/kg red quill powder regardless of gender.
First, all rats tested were weighed, and the food
amount given to the cages was calculated to the
corresponding amount of red squill in the total food.
For example, a 200 g rat needs 80 mg of red squill
powder. So 0.32 gr of bait (75 % Peanut — 25 % red
squill powder) for group 3 corresponds to 400 mg/kg
red squill powder. These baits calculated per
individual were added to the ad libitum feeding,
considering that the rats consumed up to 20 g of food
per day. In this way, besides determining the efficacy
of Red squill powder, the different ratios of the baits
used to test the palatability of red squill powder due
to its bitter taste;

0 % peanut — 100 % red squill powder
50 % peanut — 50 % red squill powder
75 % peanut — 25 % red squill powder
80 % peanut — 20 % red squill powder,
85 % peanut — 15 % red squill powder,
90 % peanut — 10 % red squill powder,
95 % peanut — 5 % red squill powder,
97.5 % peanut — 2.5 % red squill powder.

Dose modifications were made to determine whether
the animals consumed the bait in each experimental
group and their consumption rates. Also, the gastric
gavage method gave Red squill powder suspended in
water to directly test the efficiency of the 400 mg/kg
dose.

Laboratory Observations

The rats caught in the plain traps were transferred to
a laboratory and placed in separate cages. All animals
were kept in constant conditions (temperature and
photoperiod, ad libitum feeding) for five days for
acclimatization. After that, the poisoned bait was
given in different doses in the cages. In this way, the
palatability and effectiveness of poisoned baits and
the mortality rate were recorded.

Statistical Analysis

Test groups that applied a different amount of red
squill powder were analyzed statistically by the Chi-
Square test IBM, 2013; SPSS).

RESULTS AND DISCUSSION

Percentage of Rats Captured in Sherman Traps with
Poisonous and Non-Poisonous Baits

The percentage of catching in non-poisonous and
poisonous traps (n: 16) is found to be 44 % in
poisonous and 56 % in non-poisoned traps (Figure 1).
It can be said that there was no substantial difference
in the percentage of Norway rats captured in traps
with the poison bait, compared to captures with non-
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poison baits (Table 1). However, it was found that
there was an avoidance of trapping in Norway rats.
More than 10 video recordings were taken from the
animals wandering around and not entering the
traps, at equal numbers of poisonous and non-
poisonous traps. In one case, we put four traps for
three nights at the same place; the photo camera
recorded that Norway rats wandered around the

traps on the first and second nights, and two animals
were caught on the third night. This indicates that
rats are suspicious of traps because they are
neophobic and fall into the Sherman traps after
acclimation. Adult Norwegian rats caught around
Ankara weighed between 210 and 340 grams, with an
average weight of 250 grams.

Table 1. Norway rats captured from Ankara province in field trails; measurements (mm), weights (g), and bait
types (F: female, M: Male, NP: non-poisonous, P: poisonous).
Cizelge 1. Ankara ilinden tarlalarda yakalanan Norveg siganlari; élgiiler (mm), agirliklar (g) ve yem tiirleri (K-

disi, E: Erkek, NP: zehirsiz, P: zehirli).

Nr/sex/age Total body length (mm) Tail length (mm) Weight (gram) Bait type
Numara/cinsiyet/Yas Toplam viicut uzunlugu (mm) Kuyruk uzunlugu (mm) Agirhk (gram) Yem Cegidi
1/F/juvenile 110 60 16 NP
1/D/yavru

2/M/juvenile 130 70 19 NP
2/E/yavru

3/F/adult 364 175 245 NP
3/D/yetiskin

4/F/adult 385 185 250 P
4/D/yetiskin

5/F/adult 401 187 300 NP
5/D/yetiskin

6/M/adult 415 190 340 NP
6/FE/yetiskin

7/Fl/adult 425 189 205 P
7/D/yetiskin

8/F/adult 364 175 145 P
8/D/yetiskin

9/F/adult 400 190 300 P
9/D/yetiskin

10/M/adult 390 170 210 NP
10/E/yetiskin

11/F/Adult 394 192 214 P
11/D/yetiskin

12/M/Adult 425 195 305 P
12/E/yetiskin

13/M/juvenile 275 115 59 NP
153/E/yavru

14/F/Adult 365 175 215 NP
14/D/yetiskin

15/F/Adult 340 162 225 NP
15/D/yetiskin

16/M/Adult 340 165 145 P
16/E/yetiskin

Laboratory Trials with Red Squill Powder

The palatability test was done with red squill powder
and peanut butter without paraffin wax, and it was
seen that the baits containing 25 % or less red squill
powder were preferred. In addition, it was determined
that the effectiveness of the baits prepared without
paraffin covering decreased after a while. The
effectiveness of 25 % red squill powder was also
confirmed by giving it to rats (n: 8) via gastric gavage.
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Due to the oxidation problem of scilliroside, the baits
were prepared in a wax block to cut off their contact
with air. Munch (1929) noted that red squill powders
stored in screw-top vials in the light for 15 months
showed no chance of lethal dose. In this case, red
squill powder air contact was cut off. Munch (1929)
also suggested that a 10 percent squill biscuit that
has been baked was as toxic a year later as the squill
content would require. This report is inconsistent
with the finding of this study that air contact causes
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red squill powder to lose efficacy. Verbiscar et al.
(1986) pointed out that the effectiveness of red squill
powder would decrease with contact with moisture
and air, and it was suspended in agar to be prepared
as a product with high uniformity and bioavailability.

After the rats were accustomed to the cages, the trials
began with poisonous bait with the bait combination
given in Table 2 and the bait form seen in Figure 1. In
all bait combinations, while the peanut butter and red
squill ratio was changed, the paraffin wax ratio was
kept at 60 %. The poisonous baits given to test groups
were consumed totally on the same day, likewise for
the control groups, indicating that the bait's taste is
palatable to rats. The palatability test was also
verified with the bait-choice test using poisonous and
non-poisonous bait in the same cages and in a
laboratory trial for efficacy test performed with 54
rats, 48 rats that were fed poisonous bait containing
400 mg/kg red squill powder in the laboratory died
around day four except for six rats. In the pre-mortem
phase (1-2 days), any change in daily activity

Figure 1.
Sekil 1.

behavior was not monitored after eating the poisoned
bait. The behavior of rats exposed to poisoned baits
showed signs of sickness such as not responding to
stimuli, reduced mobility, avoidance of feeding, and
inability to control the body. By the 3rd—4th day, the
rat became increasingly immobile, and especially on
the fourth day, rats showed slight hind foot
convulsion at the time of near death. The convulsion
was similarly reported by Crabtree (1947) and
Verbiscar et al. (1986). In this duration, adult rats
exposed to poisonous bait lost weights between 15 and
98 g averaging 38 g. The weight losses of the control
and experimental groups are given in Figure 2. There
was no significant change in the weight loss between
the control and experimental groups. This suggests
that the weight loss is due to laboratory stress in wild
Norwegian rats. The rats did not prefer to eat the
baits containing 50 % or more red squill powder. 50 %
and more deaths were recorded except for the second
and third groups (Table 2).

Baits in the paraffin wax
Parafine karistirilmis yemler

Table 2: Dose-dependent trials and the efficacy in ad libitum feeding with the bait.
Cizelge 2° Doza bagh denemeler ve yemle ad Iibitum beslemedeki etkinlik.

Groups  Percentage of Red squill The total individual Total amount of red squill consumption Mortality rate %

Gruplar powder, peanut butter, number exposed (mg) per individual during trials Oliim oram1 %
and paraffin in the baits Maruz kalan toplam Denemeler sirasinda birey bagina
Yemlerdeki ada sogani birey sayisi toplam ada sofani tiketimi miktari
tozu, fisttkk ezmesi ve (mg)
parafin yiizdesi

1 250 (3200 mg needs to reach 400 mg kg 100
2.5 %, 37.5 %, 60 % 2 for 200 g rat)

2 5 %, 35 %, 60 % 5 878 (1600 mg needs to reach 400 mg kg 40

for 200 g rat)

3 392 (800 mg needs to reach 400 mg kg 21
10 %, 30 %, 60 % 14 for 200 g rat)

4 1772 (530 mg needs to reach 400 mg kg 50
15 %, 25 %, 60 % 2 for 200 g rat)

5 1071 (400 mg needs to reach 400 mg 69
20 %, 20 %, 60 % 23 kg for 200 g rat)

6 2196 (320 mg needs to reach 400 mg kg 63
25 %, 15 %, 60 % 8 for 200 g rat)
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Inconsistency was observed in the results despite the
feed consumption of less than 400 mg/kg in groups 1—
3 due to the small number of samples in group 1.
Another reason may be that the red squill powder is
oxidized or might have different amounts of
scilliroside in the red squill onion. It was first
reported by Crabtree (1947) that the amount of
scilliroside in red squill onions varies. Also, EMEA
(1999) reported that Scilliroside varies by 0.01 — 0.53
% in red squill onions. Also, Bozorgi et al. (2017)
pointed out two disadvantages of scilliroside, which is

one of the miscellaneous bioactive substances in red
squill onion: variation 1in toxic properties and
relatively low toxicity.

It is shown that groups 4-6 in which the bait
consumption above 400 mg/kg yielded 50 % or more
mortality (Table 2). Lewis (2004) reported that LD50
of scilliroside is orally 430 mg/kg for laboratory race
of Norway rats. This LD50 dose was found to be
almost similar to this study’s results, and a 50 %
mortality rate was obtained in this study at this dose.

300

250

200

150

100

m Control Group

B Experiment Group

50

First Weight/ gr Last Weight/ gr

Weight Lost/ gr

Figure 2. Changes in the weight loss between control and experimental groups
Sekil 2. Kontrol ve deney gruplar! arasindaki agirlik kaybindaki degisim

Statistical Analyses

The chi-square test, which was performed considering
all groups, was found to be significant (p < 0.05). This
means that the efficacy of red squill powder varies
between groups depending on the dose. However,
there was no significant difference (p > 0.05) between
groups 3-5 with a mortality rate of 50 % and above.
This indicates that the doses containing 15 % — 25 %
red squill powder can be wused as botanical
rodenticides.

Post Mortem External and Internal Examination of
Rats

In the dissection performed in the post-mortem phase,
no abnormal morphology other than weight loss was
detected in the external morphology. According to the
physical examination of the internal organs, color
changes in the form of darkening were detected,
especially in the liver and intestines. However,
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although it is known that death is due to cardiac
arrest, scilliroside is thought to affect the liver and
intestines intensely. Also, no morphological difference
was observed in the heart.

Unexplained deaths due to stress were frequently
observed in the wild Norway rats during the trials.
The fact that the wild Norway rats usually die in 4
days shows that this product can be considered a
rodenticide with a subacute effect.

Oxidation Problem of Red Squill Powder and
Seasonally Variable Amount of Scilliroside

As indicated by Verbiscar et al. 1986, laboratory trials
of this study have also shown that this botanical
rodenticide is easily oxidized and can be used
practically in a protective cover such as a wax block.
Maddock and Schoof (1970) reported that stabilized
scilliroside is highly effective against Norway rats. In
addition, Crabtree (1947), EMEA (1999), Verbiscar et
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al. (1986), and Bozorgi et al. (2017) reported that the
scilliroside content of red squill product varies
seasonally, and the active substance (Scilliroside) in
dried bulbs varies from 0.01 % to 0.53 % (EMEA,
1999). Due to this, the dose of LD50 in the laboratory
trials varied from 400 mg/kg to 7500 mg/kg. This
study also identified oxidation issues and efficacy
differences observed in various red squill bulbs,
aligning with the findings of the researchers
mentioned above.

CONCLUSION
The main findings can be summarized below:

- In areas where wild Norway rats are found, the
daily trapping success does not exceed 4%, regardless
of whether the bait is poisonous or non-poisonous.
This proves trap avoidance behavior.

- The laboratory trials also confirmed that red squill
powder has a high palatability of up to 25 % in the
bait when mixed with peanut butter and paraffin
wax.

- Overall mortality was found to average 48 % within
four days (in the range of 1-15 days) in all groups
tested. For this reason, the red squill powder has a
subacute effect on rats as a botanical rodenticide.

- In experiments with bait containing 15-25 % red
squill powder, the mortality rate was found to be 50 %
and above (25 % corresponds to 400 mg red squill
powder/kg).

- It is thought that the differences in the doses
consumed and the mortality rate may be due to the

difference in the active substance in the red squill
bulbs.

- An important advantage of red squill powder is its
emetic effect, so it does not harm non-target animals
other than rats. However, its bitter taste, the variable
amount of active substance in red squill onions, and
relatively low toxicity can be considered a
disadvantage.

- Trials of this study have shown no difference in the
effectiveness of dried or fresh red squill powder when
isolated from the air with a suitable material such as
paraffin wax.
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OZET Bitki Koruma

Bu calismada; MeBr'e alternatif olarak Propilen Oksit (PPO)in P.

interpunctellanin hizh kontrolii igin potansiyel kullanimi arastirilmistir. Aragtirma Makalesi

Bu amacla, iiriinli (kabuklu findik ve kuru incir) ve iiriinsiiz ortamlarda

P. interpunctellamin tiim biyolojik dénemlerine (yumurta, larva, pupa ve Makale Tarihcesi

ergin) karsi tek basina 10 ul 11 PPO (normal basing), 10 ul 1 PPO+vakum Gelis Tarihi  :02.08.2023
(100 mm Hg diisiik basing) ve 10 pl I'' PPO+kardondioksit (%92 CO2 Kabul Tarihi :16.10.2023

konsantrasyonu) uygulamalarinin kisa maruz kalma stirelerinde (4 saat)
insektisidal etkinligi degerlendirilmistir. Uriinsiiz ortamda yuritilen
biyolojik testlerde, yalnizca PPO+vakum uygulamasinda zararlinin larva

Anahtar Kelimeler
Kuru meyve giivesi

dénemi hari¢ diger tiim dénemlerinde (ergin, yumurta ve pupa) %100 ve Kuru incir
%100'e yakin olim oram tespit edilirken; tek basina PPO ve PPO+CO2 Findik
uygulamalarinda ise P. interpunctellanin higbir biyolojik déneminde Propilen oksit
%100 6lim oranina ulagilamamistir. Bulgular, PPO'nun vakum altinda Fumigant

uygulanildiginda tek basina PPO ve PPO+COz uygulamalarina kiyasla
zararhya karsi istatistiksel olarak 6nemli derecede daha yiiksek biyolojik
aktivite sergiledigini gostermigtir. Ayrica, urinli ortamlarda ZP.
interpunctella'ya karg1 tim uygulamalarin 6lim oranlar1 arasinda da
onemli farkhilhiklar gozlenmistir. Kuru incir kullanilan ortamda
yuritilen biyolojik testlerde, PPO+vakum ve PPO+COq
uygulamalarinda P. interpunctellanin tiim biyolojik donemlerinde %54.6
ila %100 arasinda 6lim oranlar: tespit edilirken; kabuklu findik bulunan
ortamda yapilan biyolojik testlerde ise %4.4 ile %36 arasinda degisen
oranlarda dugsuk o6lim oranlar1 tespit edilmistir. Sonucglara gore P.
Interpunctellamin tim biyolojik donemlerini kontrol edebilmek igin
kabuklu findik bulunan ortamda kuru incire kiyasla daha yiiksek PPO
konsantrasyonuna ihtiya¢ duyabilecegi gorulmustir. Genel olarak
yapilan bu ¢alisma, 6zellikle kuru incirlerde PPO+vakum uygulamasinin
bocek kontaminasyonunda hizli kontrol icin umut verici bir alternatif
fumigant olabilecegi ortaya ¢ikarmigtir.

ABSTRACT
In this study, the potential use of Propylene Oxide (PPO) as an

Evaluation of Propylene Oxide as an Alternative Fumigant to Methyl Bromide against Dry Fruit Moth
Plodia interpunctella (Hiibner) (Lepidoptera: Pyralidae)

Plant Protection

alternative to MeBr for the rapid control of P. interpunctella was Research Article
investigated. For this purpose, the insecticidal efficacy of 10 pl 11 PPO
alone (normal pressure), 10 pl 1 PPO+vacuum (100 mm Hg low Article History

pressure), and 10 pl 17 PPO+cardon dioxide (92% CO: concentration)
against all biological stages (eggs, larvae, pupae, and adults) of P.
Interpunctella was evaluated at short exposure times (4 hours) in crop
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(shelled hazelnuts and dried figs) and crop-free environments. In the Keywords
biological tests conducted in a product-free environment, PPO+vacuum Dried fruit moth
treatment alone resulted in 100% and near 100% mortality in all Dried figs
biological stages of P. interpunctella (adults, eggs, and pupae) except the Hazelnut
larval stage, whereas PPO alone and PPO+CO: treatment alone did not Propylene oxide
result in 100% mortality in any biological stage of P. interpunctella. The Fumigant
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results showed that PPO exhibited statistically significantly higher
biological efficacy against the pest when applied under a vacuum
compared to PPO alone and PPO+CO2. Significant differences were also
observed between the mortality rates of all treatments against P.
interpunctella in crop environments. While the mortality rates ranged
from 54.6% to 100% in bioassays with dried figs, low mortality rates
ranging from 4.4% to 36% were detected in bioassays with shelled
hazelnuts. Overall, this study revealed that PPO+vacuum treatment may
be a promising alternative fumigant for rapid control of insect

contamination, especially in dried figs.

Atif Igin : Kiigiiktopgu, Y., & Isikber, A.A., (2024). Propilen Oksit'in Kuru Meyve Giivesi Plodia interpunctella (Hibner)
(Lepidoptera: Pyralidae)'ya karsi Metil Bromiire Alternatif Bir Fumigant Olarak Degerlendirilmesi. KSU Tarim
ve Doga Derg 27(3), 594-603 DOI: 10.18016/ksutarimdoga.vi.1335859
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273), 594-603. DOI: 10.18016/ksutarimdoga.vi.1335859

GIRIS Emekei, 2013; Bilgili, 2015). Metil Bromide (MeBr)
Diinya findik iretiminin yaklasik %65-70'ini genis spektrumlu aktivitesi, diusuk maliyeti ve

karsilayan Turkiye, diinya findik {retiminde ve
ihracatinda lider iilke konumdadir (Karadeniz ve ark.,
2021). Tirkiye'deki findik iiretim alani 2021 yilinda
7.4 milyon dekar, toplam findik tiretimi miktari ise 684
bin ton olarak gerceklesmistir (Askin ve ark., 2022;
Bayyurt & Kocakoc, 2023). Findik, kabuklu kuruyemis
olarak dogrudan tiiketilebildigi gibi gida sanayinde
cesitli sekillerde islenerek kullanilan degerli bir
hammadde haline getirilebilmektedir. Turkiyenin
kuru incir tretimi Turkiye'nin bati boélgesinde
yetistirilen tek bir varyeteden [Ficus carica Sarilop
(Calimyma)] elde edilmektedir. Tiirkiye yaklasik
olarak 55 000 ile 60 000 ton kuru incir iretimi ile
dinyada lider tulke konumundadir. Kuru incirin
pazarlamas1 eylil sonu ile aralik ay1 arasinda
gerceklesirken kuru incir Uretimin yaklagsik %901
ihracata gitmektedir (Sen ve ark., 2009). Son yillarda
kuru incir ihracati yilin tiim aylarina yayildigi ve her
ay yaklasik 2 000 ton kuru incir ihracatinin yilin daha
sonraki aylarda yapildig1 gériilmektedir.

Findik ve kuru incir sektorinde, findigin ve kuru
incirin kurutulmasi ve depolanmasi siirecinde depo
zararhlarimin bulasmasi énemli bir sorundur (Ferizli
& Emekei, 2013). Depo zararhlari, findik tanelerine
zarar vererek urin kalitesini digtrebilir ve kayiplara
neden olabilmektedir. Depolanmis findik zararhlar
icerisinde yer alan Kuru Meyve Giivesi [Plodia
interpunctella (Hiibner) (Lepidoptera: Pyralidae)]
depolanmig findik gibi kuru meyvelerde yaygin bir
zararhdir. Bu glive tird, popillasyonlarimi hizla
artirarak kisa slre igerisinde Urlnlerde buylk
zararlar meydana getirmektedir (Jarratt ve ark.,
2001). Zararlinin larvalar1 meyvede beslenerek meyve
kalitesini diisiirmektedir (Kiiciiktopcu, 2023). Ayrica;
zararlinin vicut kalintilar, pislikleri ve salgilamisg
oldugu ag ve benzeri maddeler nedeniyle de Urinin
kalite ve ticari degerinde 6nemli oranda disislere
neden olmaktadir (Celik ve ark., 2008; Ferizli &
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bécekleri hizli bir sekilde 6ldiirme yetenegi nedeniyle
depolanmig Uriin zararlilariyla micadelede yaygin
olarak kullanilmaktadir (Fields & White, 2002).
Ancak, MeBr'in ozon tabakasimi inceltici etkisi
nedeniyle kullanimi simirlamalara tabi tutulmustur
(Schneider ve ark., 2003; Tiitiinci & Emekei, 2014).
MeBr kullanimina getirilen kisitlamalar ve ¢evresel
etkileri goz 6niine alindiginda, MeBr'in yerini alacak
alternatif yontemlerin arastirilmasi giderek daha
onemli hale gelmektedir (Kiiciiktopcu ve ark., 2023).
Sert kabuklu meyve endiistrisi, hasat sonras1 bocek
bulagsmasini o6nlemek icin genellikle fosfin gibi
kimyasal fumigantlar1 tercih etmektedir. Ancak;
fosfinin karsinojenik etkisi (Alavanja ve ark., 1990;
Garry ve ark., 1990), yanici olusu (Ohtani ve ark.,
1989), bocek direnci (Benhalima ve ark., 2004; Daglish
ve ark., 2014; Saglam ve ark., 2015; Gautam ve ark.,
2016) ve uzun siireli maruz kalma gerekliligi (sicakliga
bagh olarak 4 ila 6 giin veya daha fazla) nedeniyle
(Ferizli & Emekci 2013), fosfin kullanimi karantina
uygulamalar: icin uygun olmamaktadir (Isikber ve

ark., 2015). Bu nedenle, hizli bécek 6liimlerinin
gerektigi  karantina  uygulamalar1 i¢in  yeni
fimigantlarin geligtirilmesi buyuk onem
tagimaktadir.

Etere benzer bir kokuya ve 35°C kaynama noktasina
sahip 6nemli bir organik kimyasal hammadde olan
Propilen oksit (PPO); berrak, renksiz ve ucucu bir sivi
fumiganttir (Bilgili, 2015). PPO, bir fiimigant olarak
kullanildiginda, metil bromide gore ¢evresel risklerin
onemli o6l¢clide daha digiik oldugu bilinmektedir.
Meylan ve ark. (1986) PPO’nun fiimigant olarak insan
sagligina ve c¢evreye etkilerini incelenmigler; bir
fimigant olarak PPO’nun metil bromide kiyasla
gevresel risklerinin epeyce diisik oldugunu, ozon
tabakasini delici veya inceltici 6zelligi bulunmadigini,
toprakta ve insan midesinde kisa slrede toksik
olmayan propilen glikola dontistiigiini bildirmiglerdir.
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PPO'nun en 6nemli bir dezavantaji, %3-37 arasindaki
havada alev alabilme 6zelligine sahip olmasidir. Bu
nedenle, PPO'nun givenli bir sekilde kullanilabilmesi
icin alev alma riskini azaltmak amaciyla 6nlemler
alinmasi gerekmektedir. Bunlardan biri, diiglik basing
altinda veya karbondioksit (COz2) ile zenginlestirilmig
bir atmosfer altinda PPO gazinin kullanilmasidir. Son
arastirmalar, PPO’nun fumigant potansiyelinin 100
mm Hglik dugik bir basingta artis gosterdigini
(Isikber ve ark., 2006; Navarro ve ark., 2004), bu

sonucun PPO’yu drinlerin hizli dezenfeksiyonu
noktasinda metil  bromide alternatif  hale
getirebilecegini géstermektedir (Anonim, 2023).

PPO'nun dusik basing altinda kisa maruz kalma
stiresinde depolanmig Uriin zararhlarina kars: etkili
olabilecegi, daha o6nceki laboratuvar caligmalarinda
kanmitlanmig olsa da literatiirde urinli ortamda
PPOnun CO: ile birlikte kullanimina iligkin sinirh
sayida ¢calisma bulunmaktadar.

Bu calismada, karantina uygulamalarinda PPO’nun
kisa uygulama siirelerinde MeBr'e alternatif bir
fimigant olabilme potansiyelinin arastirilmasi
hedeflenmistir. Bu amacla, bu calismada tilkemizin
tarimsal Uretiminde ve ihracatinda 6nemli bir yer
tutan findigin ve kuru meyvelerin depolanmasi
esnasinda  O6nemli  kayba neden olan P,
interpunctellZnin tim gelisme dénemlerine (ergin,
larva, yumurta ve pupa) karsi iriinsiiz ve iiriinli
(findik ve kuru incir) ortamlarda PPO’nun ii¢ farkh
kosul altindaki kullaniminin [tek basina PPO (normal
basing), PPO+vakum (100 mm Hg diisiik basing
ortami) ve PPO+CO2 (%92 COz ortam1) insektisidal
etkinligi degerlendirilmistir.

MATERYAL ve METOD
Biyolojik Testlerde Kullanilan Uriinler

Biyolojik testlerde, Corylus avellana L. ile Corylus
maxima Mill. tirlerinin melezleri olan ve %10-12 Grin
nemi iceren kabuklu ¢akildak findik ¢esidi ile %21=+1
Urin nemi igceren glneste kurutulmus Sarilop
(Calimyrna) (Ficus carica L. kuru incir cesidi
kullanilmigtir.

Biyolojik Testlerde Kullanilan Boéeek Kiiltiiriiniin
Kaynag1 ve Yetistirilmesi

Biyolojik testlerde P. interpunctella'nin tiim biyolojik
dénemleri kullamilmigtir. Bu biyolojik testlerde
kullanilan P. interpunctella kiilltirtiniin ana materyali
Ankara Universitesi Ziraat Fakiiltesi Bitki Koruma
Bolumia Laboratuvar’ndan temin edilmigtir. P
interpunctella yetigtirilmesi i¢in kullanilan besin
karigiminda her 2 kg bugday kepegi i¢gin 350 g misir
unu, 350-400 ml gliserin, 450-500 ml glikoz surubu ve
1 cay kagigr inaktif maya bulunmaktadir. Bugday
kepegi ve misir unu, bécek bulagma riskine kars1 3-4
giin boyunca -20 °C sicakliktaki derin dondurucuda
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bekletilmistir. Belirlenen oranlarda trunler ilk 6nce
elle iyice karigtirilmis ve ardindan elde edilen karigim
mikserden gegirilmistir. P. interpunctella erginlerinin
yumurtalarini elde etmek amaciyla erginler vakum
yardimiyla kiltir kavanozlarindan alinarak 3 L’lik bir
cam kavanoza aktarilmig ve kavanozun agzi tille
kapatilmigtir. Bu ergin sigesi, iklimlendirme kabini
icinde 1 giin boyunca bekletildikten sonra agzina
sadece yumurtalarin gecebilecegi bir tal
yerlestirilmistir. Sise daha sonra ters cevrilerek
yumurtalarin bir kagit tizerine diismesi saglanmigtir.
Kagit tlzerinde toplanan bu yumurtalar, her bir
kavanoz icin 400-500 adet olacak sekilde igerisinde
350-400 g besin bulunan 3 litrelik kavanozlara
eklenmis ve kavanozlarin agizlar1 hava gecisine izin
verecek geniglikte bir tiille kapatilmigtir. Daha sonra
bu kiiltir kavanozlari, 30+1°C sicaklik ve %65+5 nispi
nemdeki inkiibatérde tamamen karanlik kosullarda
tutularak bocek gelisimleri giinlik olarak dizenl
sekilde kontrol edilmistir. Tum arastirma periyodu
boyunca bu islemlere devam edilerek kultur
devamliligi saglanmigtr.

Fimigant

Calismada kullanilan PPO fiimiganti, SERVA
Electrophoresis GmbH'den (Heidelberg, Almanya)
firmasindan >%99 saflikta (CAS no. 75569, Kat. no.
33715) temin edilmistir. PPO, uygulama asamasinda
kullanilmak iizere gaz gecirmez siringa (Hamilton
Company, Bonaduz, Isvigre) kullamlarak 100 ml'lik
cam siseye aktarilmig ve agzi kaucguk bir septum ile

kapatilmigtir. Uygulama  sirasinda, belirlenen
konsantrasyonda PPO'nun gaz sizdirmaz bir mikro
siringa  kullanilarak cam  siseden  ¢ekilmesi
saglanmigtir.

Karbon dioksit (CO2) Gaz

Biyolojik testlerde kullanilan COg, Linde Gaz (Ankara,
Tiirkiye) firmasindan <%99 saflikta ve basingh celik
silindir i¢erisinde temin edilmistir.

Fimigasyon Cemberi

Fumigasyon cemberi, metal kapakhi 3 L’lik cam
kavanozlardan olusmaktadir. Kavanozlarin
kapaklarinda bir giris ve bir ¢ikis deligi bulunan metal
rekorlar yer almaktadir. Giris ve c¢ikis deliklerinin
uzerine 5 cm uzunlugunda ve 0.62 cm ¢apinda iki adet
silikon hortum yerlestirilmigtir. Bu hortumlar, gazin
girig ve ¢ikigini saglamak amaciyla kullanmilmaktadir.
Hortumlar metal kiskaglar kullanilarak sikica
baglanmig ve gaz sizdirmaz bir ortam
olusturulmustur. Metal kapaklar kapatildiktan sonra,
kapaklarin etrafina silikon siiriilerek gaz sizintisinin
engellenmesi saglanmigtir. Bu sayede fumigasyon
¢emberi igerisinde vakum ve PPO uygulamasi
gerceklestirilmistir.
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Uriinsiiz Ortamda Yiiriitiilen Biyolojik Testler

Biyolojik deneylerde, P. interpunctellamin 1-2 giinlik
erginleri, pupalar1 ve son dénem larvalarindan (28-32
giin) 20 adet kullamilirken; P. interpunctellanin 1-2
giinlik yumurtalar: ise 50 adet kullanilmigtir. Tim
donemlerdeki bireyler, 50 ml'lik sigelere
yerlestirilmistir. Larvalar i¢in, siselere hacimlerinin
1/3' kadar taze besin (10 gr) eklenmistir. Bu besin,
larvalarin beslenmesini saglamak icin kullanilmigtir.
Siselerdeki boceklerin kagmasini engellemek ve PPO
gazinin tlplere giremesini saglamak igin, tiiplerin
agizlar tulle kapatilarak plastik lastikle
tutturulmustur. Bu 6nlem, boéceklerin kontrollii bir
ortamda tutulmasini saglamak ve gaz uygulamasinin
etkili olmasini saglamak i¢in alinmigtir. Bu hazirlanan
siseler daha sonra 3 L'lik metal kapakli cam
kavanozlara (fiimigasyon cemberi) yerlestirilmistir.
Bu sekilde, fumigasyon c¢emberi igerisinde gazin
s1zdirmaz ortam saglanmistir. Propilen oksit'in disik
basing (vakum) ile uygulanmasi i¢in, KNF marka
vakum pompast (Almanya) kullamlarak 3 Llik
fiimigasyon ¢emberinin havasi alinmis ve basing 100
mm Hg'a kadar diustrilmustiir. Fimigasyon ¢emberi
icindeki diisiik basing seviyesi (vakum), Celesco model
SE-2000 vakum basing 6lger kullanilarak 6l¢tilmiistir.
Daha sonra, test edilecek olan PPO, 50 pl'lik Hamilton
mikro siringa kullanilarak 10 pl I'! konsantrasyonda
fimigasyon c¢emberi igerisine enjekte edilmistir.
Propilen oksit’in yiksek COz konsantrasyonu altinda
uygulanmasi i¢in, flimigasyon ¢emberi iginde 60.8 mm
Hg dusik basing olusturulmustur. Daha sonra
fimigasyon ¢emberi icindeki basing normal atmosferik
basing seviyesine dénene kadar CO:2 gaz flimigasyon
¢emberi i¢inde sirkiile edilmigtir. CO2/O2 6l¢lim cihazi
(CheckPoint, PBI-Dansensor, Danimarka)
kullanilarak fimigasyon ¢emberi i¢erisindeki CO2 gaz
konsantrasyonunun 6l¢imi yapilmigtir. Istenilen %92
CO: seviyesine ulagildiktan sonra, 50 pl'lik mikro
siringa kullanilarak 10 pl 1! konsantrasyonda PPO
fimigasyon c¢emberi igerisine enjekte edilmigtir.
Propilen oksit'in tek basina (normal basing altinda)
uygulamasinda, P. interpunctellahin tim doénemleri
fimigasyon  ¢emberine  yerlestirildikten sonra
PPOnun 10 pl 1! konsantrasyonu dogrudan
fimigasyon ¢gemberine enjekte edilmigtir.

Biyolojik  testlerde, P. interpunctellanin tim
dénemleri 4 saat boyunca tek basina 10 ul 11 PPO, 10
pl 11 PPO + %92 CO2 ve 10 pl I't PPO + 100 mm Hg
vakum uygulamalarina maruz birakilmigtir. Ayrica,
onceki deney kosgullarina ek olarak, zararlinin tim
dénemleri 4 saat boyunca PPO olmaksizin ayr1 ayri
vakum uygulamasina (100 mm Hg diisiik basing) ve
COz gaz1 uygulamasina (%92 CO: konsantrasyonu)
maruz birakilmigtir. Biyolojik testler tamamlandiktan
sonra, uygulama kaplari; kavanozlarin kapaklar: hizl
bir sekilde kapatilmis ve 4 saat siiresince tamamen
karanhk, 26+1°C sicaklik ve %65+5 nispi nem igeren
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bir iklim odasinda bekletilmistir. Her bir PPO
uygulamasi 4 tekerrirlu olarak gerceklestirilmis ve
her uygulama igin 4 adet kontrol grubu birakilmigtir.

Uriinlii Ortamda Yiiriitiilen Biyolojik Testler

Urtnli ortamda yapilan biyolojik testler, iiriinsiiz
ortamdaki testlerle ayn1 deneme prosediirlerini takip
ederek gercgeklestirilmigtir. Tek fark, 3 L'lik metal
kapakli cam kavanozlarin igine 1.3 kg kuru incir veya
1.3 kg kabuklu findik yerlestirilerek olusturulan
fiimigasyon ¢emberlerinin kullanilmasidir.

Verilerin Degerlendirilmesi ve Analizi

Biyolojik testler, %65+5 nispi nem ve 26+1 °C
sicaklikta karanlik bir iklim odasinda
gerceklestirilmistir. Biyolojik test uygulamalarindan
sonra, yumurtalar cam giseden ¢ikarilarak mikadan
yapilmis kii¢iik delikler igeren hiicrelere yerlestirilmig
ve 1 hafta sonra 6li ve canli sayimi yapilmigtir.
Larvalar, pupa asamasina gec¢inceye kadar; pupalar
ise ergin asamasina gecinceye kadar bekletildikten
sonra 6l ve canli sayimi yapilmistir. Ergin bireylerde
ise uygulamadan 1 giin sonra 6li ve canli bireylerin
sayimi yapilmistir. Kontrol gruplarinda o6limlerin
fazla olmasi durumunda, veriler tzerinde Abbott
formiilii (Abbott, 1925) kullanilarak diizeltilmis 6liim
oranlar1 hesaplanmig ve elde edilen bu diizeltilmig
6lim oranlarina Arcsin transformasyonu
uygulandiktan sonra SAS 9 istatistik programi (SAS,
2009) kullanilarak cift yonlii varyans analizine tabi
tutulmustur. Ortalamalar arasindaki farklihiklar, %5
onem  diizeyinde  Tukey  testi  kullanilarak
belirlenmigtir.

BULGULAR

Uriinsiiz Ortamda Propilen oksit Uygulamasina Ait
Biyolojik Testler

Urtnsiiz  ortamda yapilan c¢alisma sonucunda;
PPO+vakum uygulamasinin P. interpunctella ergin ve
pupa donemlerinde %100 6lim orami belirlenirken,
ayni uygulamada zararlinin yumurta déneminde
%98.3 6lum oranmi tespit edilmigtir. Ayrica, PPO+CO2
uygulamasimin P. interpunctella erginlerinde %100'e

yakin 6lim oram1 belirlenmistir (Cizelge 1).
PPO+vakum ve PPO+COz uygulamalarinin tek bagina
PPO  uygulamasina kiyasla zararlinin  tim

donemlerinin {lizerinde istatistiksel olarak Onemli
derecede daha yiiksek insektisidal etkinlik gosterdigi
tespit edilmistir (Cizelge 1). PPO+vakum ve PPO+CO2
uygulamalarinda P. interpunctella ergin ve larvalarin
6lim oranlar1 istatistiki olarak benzer bulunurken
yumurta ve pupa doénemlerinde PPO+vakum
uygulamasindan elde edilen 6liim oranlari PPO+CO:
uygulamasindan o¢nemli seviyede daha yiiksek
bulunmustur (Cizelge 1). Tek basma PPO
uygulamasinda bécek dénemlerine ait 6lim oranlari
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arasinda istatistiki olarak 6nemli fark bulunmazken
(P=0.7855) PPO+vakum ve PPO+COz
uygulamalarinda bécek donemlerine ait 6liim oranlar:
arasinda istatistiki olarak 6nemli fark bulunmustur
(sirasiyla  P<0.0001 ve P=0.0005). PPO+vakum
uygulamasinda ergin ve pupa 6lim oranlar1 ayni
grupta yer alirken bu iki dénemin 6liim oranlari larva

ve yumurtadan elde edilen 6lim oranlarindan
istatistiki olarak daha yliksek bulunmustur. PPO+COz:
uygulamasinda larva, yumurta ve pupa 6liim oranlari
ay1 grupta yer alirken bu li¢ dénemin 6lim oranlari
erginden elde edilen 6lim oranlarindan istatistiki
olarak daha diigiik bulunmustur (Cizelge 1).

Cizelge 1. Farkh uygulamalara 4 saat boyunca maruz birakilan Plodia interpunctellanin yumurta, larva, pupa ve

erginlerine ait diizeltilmis 6liim oranlar: (%)

Table 1. Corrected mortality rates (%) of eggs, larvae, pupae, and adults of Plodia interpunctella exposed to

different treatments for 4 hours

Diizeltilmig yiizde 6liim (%) + S. hata

Uygulamalar Adjusted percent mortality (%) + S. error F ve P degeri
Applications Yumurta Larva Pupa Ergin F and P value
Fgg Larvae Pupa Adult

PPO 43.47+3.19 45.20+2.23 44.77+1.49 42.10+2.14 F312=0.4

PPO Ca Ba Ca Ba* P=0.7855

PPO+vakum 98.36+0.54 67.12+2.23 100+0 100+0 F312=174.9

PPO+vacuum Ab Ac Aa Aa P<0.0001

PPO+CO2 76.08+1.98 71.23+2.62 74.62+1.49 94.73+3.03 F3,12=12.80

PPO+CO:2 Bb Ab Bb Aa P=0.0005

Kontrol Uygulamalar:

Control 8+0.81 12.5+1.44 16.25+1.25 5.00+2.04 Fl56=361.22, P<0.0001
Donemler: F336=43.97,

F ve P degeri F29=139.1 F29=31.9 F29=1052.5 F29=66.1 P<0.0001

F and P value P<0.0001 P<0.0001 P<0.0001 P<0.0001 Uygulamas: x Donemler:

Fs36=25.87, P<0.0001

*Ortalamalar arasindaki farkliliklar % 5 6nem seviyesinde Tukey testine gére ortaya konmustur. Ayni siitunda bulunan
farkli biiytiik harfler ve aym satirda bulunan farkl kii¢iik harfler istatistiksel agidan birbirinden farklidir.

Dort saat boyunca tek basina %92 COz2 ve 100 mm Hg
vakum  uygulamalarina maruz birakilan P
Interpunctellamin  ergin, larva, yumurta ve
pupalarinda c¢ok diigiik seviyelerde (%5 ile %20
arasinda) 6liim oranlar1 tespit edilmistir. %92 CO2 ve

100 mm Hg vakuma maruz bwrakilan P
Interpunctellanin tim dénemlerindeki 6liim oranlar:
ile kontrol grubundaki o6lim oranlar1 arasinda
istatistiksel olarak anlamh farkliliklarinin
bulunmadig1 belirlenmistir (Cizelge 2).

Cizelge 2. 4 saat siire ile tek basina %92 CO2 ve 100 mm Hg vakuma maruz birakilan Plodia interpunctellanin
ergin, larva, yumurta ve pupalarina ait 6liim oranlar: (%)
Table 2. Mortality rates (%) of eggs, larvae, pupae, and adults of Plodia interpunctella exposed to 92% COz and 100

mm Hg vacuum alone for 4 hours

Yiizde 6liim (%) + S. hata

Uygulamalar Percent mortality (%) + S. error
Applications Yumurta Larva Pupa Ergin
Egg Larvae Pupa Adult

Kontrol (Control) 6.5+0.5 5+0 17.5+1.44 6.25+1.25
1 H

00 mm Hg vacuum 7.5£0.5 8.75+1.25 20+2.04 8.75:1.25
100 mm Hg vacuum
%92 CO2 7+0.57 7.5+1.44 18.756+1.25 7.5+1.44
F ve P degeri F29=0.90 F29=3.00 F29=0.57 F29=0.90
F and P value P=0.4402 P=0.1004 P=0.5826 P=0.4402
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Uriinlic Ortamda Propilen oksit Uygulamasma Ait
Biyolojik Testler

Kuru incir ile yiiriitiilen galigmalar

PPO+vakum ve PPO+CO:2 uygulamalarina maruz
birakilan P. interpunctella erginlerinde %100 6lim
oranmi tespit edilirken bu iki uygulamada ergin
donemine ait 6lim oranlarinin tek basmma PPO
uygulamasinin ergin dénemine ait 6lim oranindan
istatistiksel agidan 6nemli 6lgtide daha yiiksek oldugu
belirlenmigtir. PPO+vakum uygulamasina maruz
kalan P. interpunctellalarva ve pupalarinda meydana
gelen 6lum oranlari, tek basina PPO ve PPO+CO:
uygulamalarinda meydana gelen 6liim oranlarindan
onemli 6l¢iide daha yiiksek bulunmustur (Cizelge 3).
PPO+CO2 uygulamasina maruz birakilan P
Interpunctella larva ve pupa donemlerinde meydana
gelen 6lum oranlar ile tek bagina PPO uygulamasina
ait olum oranlar1 istatistiksel olarak benzer
bulunurken, PPO+CO2 uygulamasina maruz birakilan

ergin ve yumurta dénemine ait 6lim oranlar1 PPO
uygulamasina ait 6lim oranlarindan istatistiksel
olarak daha yiiksek bulunmustur (Cizelge 3). Tim
PPO uygulamasinda ergin dénemi diginda hi¢bir bécek
dénemin %100 6lime elde edilememigtir. Tek basina
PPO, PPO+vakum ve PPO+CO: uygulamalarinda
bécek donemlerine ait 6lim oranlar1 arasinda
istatistiki olarak énemli fark bulunmustur (P<0.0001).
Tek basina PPO ve PPO+vakum uygulamalarinda
larva ve yumurta o6lim oranlari aymi grupta yer
alirken bu 1ki dénemin 6liim oranlar1 ergin ve pupadan
elde edilen 6lim oranlarindan istatistiki olarak daha
digik  bulunmustur. PPO+CO2 uygulamasinda
yumurta ve pupa 6lim oranlari ay1 grupta yer alirken
bu iki dénemin 6lim oranlari erginden elde edilen
6lim oranlarindan istatistiki olarak daha dusiik,
ancak larvadan elde edilen 6lum oranlarindan
istatistiki olarak daha yiiksek bulunmustur (Cizelge
3).

Cizelge 3. Kuru incir bulunan ortamda 4 saat boyunca farkli uygulamalara maruz birakilan Plodia
Interpunctellamin yumurta, larva, pupa ve erginlere ait diizeltilmis 61iim oranlar1 (%)

Table 3. Adjusted mortality rates (%) of eggs, larvae, pupae, and adults of Plodia interpunctella exposed to different
treatments for 4 hours in the environment with dried figs

Diizeltilmig ytizde 6liim (%) + S. hata

Uygulamalar Adjusted percent mortality (%) + S. error F ve P degeri

Applications Yumurta Larva Pupa Ergin F and Pvalue
Egg Larvae Pupa Adult

PPO 52.51+1.67 46.66+2.17 65.67+1.49 69.73+1.31 F3,12=40.4

PPO Bb Bb Ba Ba* P<0.0001

PPO+vakum 67.59+1.44 61.33+2.55 91.04+1.59 100+0 F3,12=203.1

PPO+vacuum Ac Ac Ab Aa P<0.0001

PPO+COg 69.83+1.11 54.66+1.53 71.64+1.49 100+0 F3,12=619.2

PPO+CO:2 Ab BAc Bb Aa P<0.0001

Kontrol 10.5+0.5 6.25+2.39 16.25+2.39 5.00:2.04  yeulamalar:

Control T ' ) ’ ’ ) ) F2,36=315.74, P<0.0001

Dénemler:
F ve P degeri F20=42.1 F20=11.7 F2,9=60.6 F25=1607.8  F336=550.57, P<0.0001
F and P value P<0.0001 P=0.0032 P<0.0001 P<0.0001 Uygulamalar x Dénem:

Fe,36=25.87, P<0.0001

*Ortalamalar arasindaki farkliliklar % 5 6nem seviyesinde Tukey testine gore ortaya konmustur. Ayni siitunda bulunan
farkl biiytik harfler ve aym satirda bulunan farkh kii¢tik harfler istatistiksel acidan birbirinden farklidir.

Kabuklu findik ile yiiriitiilen ¢aligmalar

Yapilan ¢alisma sonucunda, PPO+vakum ve PPO+CO2
uygulamalarina maruz birakilan P. interpunctella
ergin ve pupa donemlerinin 6lim oranlarinin
istatistiksel olarak birbirlerine benzer oldugu ve bu
olum oranlarinin tek bagina PPO uygulamasinda elde
edilen o6lim oranindan istatistiksel olarak daha
yiiksek oldugu belirlenmistir (Cizelge 4). PPO+vakum
uygulamasina maruz birakilan P. interpunctella
larvalarinin 6liim oraninin, PPO+CO2 ve tek basina
PPO uygulamalarinda meydana gelen 6lim
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oranlarindan 6nemli derecede daha yiiksek oldugu
tespit edilmigtir. PPO+vakum uygulamasina maruz
birakilan P. interpunctella yamurtalarinin 6liim orana,
PPO+CO:z uygulamasindaki 6lim oranina Kkiyasla
istatistiksel olarak o©nemli &l¢gide daha disik
bulunurken, tek basina PPO uygulamasindaki 6lim
oranindan 6nemli 6lgtide daha yliksek bulunmustur.
Kabuklu findik bulunan ortamda yapilan ¢alisma
sonucunda, 4 saat tek basina PPO uygulamasina ve
PPO + %92 CO2 ve 100 mm Hg vakum
kombinasyonuna maruz birakilan P.
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Interpunctellanin tim donemlerinde %1 ile %36
arasinda degisen oranlarda dusiik 61iim oranlar: tespit
edilmistir (Cizelge 4). Tiim PPO uygulamasinda hicbir
bécek donemin %100 6lime elde edilememigstir. Tek
basina PPO, PPO+vakum ve PPO+CO:
uygulamalarinda bécek donemlerine ait 6liim oranlari
arasinda istatistiki olarak 6nemli fark bulunmustur
(sirasiyla  P=0.0014, P<0.0001 ve P<0.0001).

PPO+vakum uygulamalarinda larva ve yumurta 6lim
oranlar1 ayni grupta yer alirken bu iki dénemin 6lim
oranlari ergin elde edilen 61iim oranlarindan istatistiki
olarak daha diusik bulunmustur. PPO+CO:2
uygulamasinda larva ve pupa 6liim oranlar1 ay1 grupta
yer alirken bu iki dénemin 6lim oranlari ergin ve
yumurtadan elde edilen 6liim oranlarindan istatistiki
olarak daha diigiik, bulunmustur (Cizelge 4).

Cizelge 4. Kabuklu findik bulunan ortamda 4 saat sture ile farkli uygulamalara maruz birakilan Plodia
Interpunctellamin yumurta, larva, pupa ve erginlere ait diizeltilmis 6liim oranlari (%)

Table 4. Corrected mortality rates (%) of eggs, larvae, pupae, and adults of Plodia interpunctella exposed to
different treatments for 4 hours in the environment with shelled hazelnuts

Diizeltilmis yiizde 6liim (%) + S. hata

Uygulamalar Adjusted percent mortality (%) + S. error F ve P degeri

Applications Yumurta Larva Pupa Ergin F and P value
Egg Larvae Pupa Adult

PPO 0.54+0.31 5.63+1.40 6.77+1.48 1.00+1.00 Fs12=9.9

PPO Cb Ca Ba Bb* P=0.0014

PPO+vakum 4.39+0.63 19.71£1.40 18.30+1.62 28.07£1.53 F312=65.9

PPO+vacuum Be Ab Ab Aa P<0.0001

PPO+CO2 33.51+1.05 12.67+£1.62 12.67+1.62 36.02+0.00 F312=72.4

PPO+CO:2 Aa Bb Ab Aa P<0.0001

Iézzzz 9:0.57 11258125  11.25:1.25  6.25:1.25 gji‘i;aolga;irP <0.0001

Doénemler:
F ve P degeri F29=198.2 F20=21.9 F20=12.8 F20=108.9  F336=11.83, P<0.0001
F and P value P<0.0001 P=0.0003 P=0.0023 P<0.0001 Uygulamalar x Doénem:

Fe6.36=39.24, P<0.0001

*Ortalamalar arasindaki farkliliklar % 5 6nem seviyesinde Tukey testine gore ortaya konmustur. Ayn stitunda bulunan
farkl biiytiik harfler ve aym satirda bulunan farkh kii¢tik harfler istatistiksel acidan birbirinden farklidir.

TARTISMA ve SONUC

Metil bromide ozon delici madde listesinde yer
almasindan dolay: kullaniminin yasaklanmasi sonrasi
depolanmig lrin zararhilarinin micadelesinde metil
bromidin yerine gececek bazi alternatif kimyasal
fiimigantlar 6nerilmistir (UNEP, 1995). Bunlarin
arasinda bulunan propilen oksit kisa uygulama
stiresinde baz1 depolanmig Uriin zararlilarin
micadelesinde kullanilmasina yonelik umut verici
sonuclar vermistir (Isikber ve ark., 2002; Navarro ve
ark., 2004; Isikber ve ark., 2006). Ancak cevresel
kogullari, Girintn tipi ve ekipmanin performansi gibi
birgok  kogullar ticari fiimigasyonu etkiledigi
bilinmektedir. Propilen oksitin depolanmig {riin
zararlis1  boceklere kargi etkinliginin ve {rin
igerisindeki penetrasyon yeteneginin bilinmesi PPO
gazinin gida sanayinde ticari flimigant olarak
kullanilmasinda biyik 6nem arz etmektedir. Bu
baglamda bu ¢alismada tek basina PPO, PPO+vakum
ve PPO+CO: uygulamalarinin irtinli ve urinsiz
ortamda P. interpunctellinin tim  biyolojik
dénemlerine kars: biyolojik etkinligi arastirilmigtir.

Uriinsiiz ortamda yuriitilen biyolojik testlerde,
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Urinsiiz ortamda 10 pl I't PPO+vakum uygulamasinin
P. interpunctellanin ergin, yumurta ve pupalarinin
%100 ve %100'e yakin 6lim oranlarina neden oldugu
tespit edilmistir. 10 ul 11 PPO+CO:z uygulamas: ise
sadece P. interpunctellanin erginlerinde %100'e yakin
o6lum oranmmna yol ag¢migtir. Tek basina PPO
uygulamasinda hicbir biyolojik dénemde %100 6liim

oranmina ulagilamamigtir. Kuru incir kullanilan
ortamda yurutillen biyolojik testlerde, 10 pl 1!
PPO+vakum uygulamasinda P. Iinterpunctella

erginlerinin 6lim oraminin %100 oldugu tespit
edilmistir. Benzer sekilde, Misumi ve ark. (2011)
yaptiklari calismada PPO+vakum uygulamasinda
zararli erginlerinin 6lim oraninin %100 oldugunu
belirtmiglerdir. Yapmisg oldugumuz calisma
kapsaminda yapilan biyolojik testlerden elde edilen
sonuclar, PPO'nun vakum veya yiksek COz
konsantrasyonu altinda uygulandiginda tek bagina
PPO uygulamasina kiyasla P. interpunctella'ya karsi
daha yiiksek insektisidal etkinlige sahip oldugunu
gostermektedir. Benzer sekilde; Navarro ve ark.
(2004), yiiriitmiis olduklar1 caligmada; PPOmun 100
mm Hg vakum ve %92 CO: ile kombinasyon halinde
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kullanildiginda 7. castaneum'un yumurta donemi
hari¢ diger tim gelisme donemlerindeki O6lim
oranlarinin tek basina PPO uygulamasindaki 6lim
oranlarina kiyasla o6nemli oranda daha yuksek
oldugunu belirtmiglerdir. Bu sonuglar; PPO+vakum ve

PPO+CO2 kombinasyonlarinin etkili bir sgekilde
zararlilar tizerinde biyolojik etkinlik sagladigini
kanmitlamaktadir. Bir baska anlamda yapilan

calismalar neticesinde, 100 mm Hg ve %92 COgzin
PPO’nun zararhlara karsi toksisitesi uzerine
sinerjistik bir etkiye sahip oldugu gozlemlenmistir.

Yapilan tim biyolojik uygulamalarda, triinsiz ve

drinli  (kuru incir ve findik) ortamlarin P
interpunctella Uzerindeki etkinliklerinde 6nemli
farkliliklarin  oldugu tespit edilmistir. Yapilan

calismalarin sonucunda, P. interpunctellanin tim
biyolojik dénemlerini bask: altina alabilmek amaciyla
kabuklu findik bulunan ortamda kuru incire kiyasla
daha yiksek PPO konsantrasyonuna ihtiyag
duyuldugu goézlemlenmigtir. Bu durumun, kabuklu
findigin kuru incire gore daha yiksek PPO
absorpsiyon oranina sahip oldugundan kaynaklh
olabilecegi diisiiniilmektedir. Isikber ve ark. (2006);
PPO'mun yerfistigi, badem ve ceviz gibi yagh triinlerde
hizli bir sekilde absorbe edildigini belirtmislerdir.
Benzer sekilde, Zettler ve ark. (2003) arastirmalarinda
badem, pikan cevizi ve ceviz gibi uUrlinlerin PPO'yu
hizli bir sekilde absorbe ettigini rapor etmislerdir.
Ayrica, Isikber ve ark. (2012) tarafindan yiiriitiilen
calismada; kuru incirde PPO'nun daha diisiik oranda
absorbe edildigini (ilk PPO konsantrasyonun %50’si)
bildirmiglerdir. Bu bulgular, trtn tipinin PPO
absorpsiyonunu etkileyebilecegini ve kuru incirin
diger yaglhh durinlere goére daha az absorpsiyon
gosterdigini gostermektedir.

Bu ¢alismanin sonuglari, PPO’'nun 100 mm Hg dustik

basing ve %92 COz2 ile kombinasyonunun 6zellikle kuru
incirde bocek bulagmalarinin hizli bir sekilde kontrol

edilmesinde (karantina uygulamalarinda) metil
bromide potansiyel bir alternatif fumigant olarak
kullanilabilecegini  géstermektedir. Ancak, bu

sonuglarin pratikte kullanimi i¢in biiytik 6l¢ekli ticari
denemelerin yapilmasi gerekmektedir. Bir bagka
deyisle bu calismanin uygulanabilirligi, bu ¢calismaya
ek gelecekte yapilacak olan farkli calismalarin
yapilmasi ile miimkiin olacaktir. Bu nedenle, PPO'nun
ticari kullanima i¢in daha fazla calisma ve
degerlendirme yapilmasi gerekmektedir.

TESEKKUR

Bu ¢alisma, yiliksek lisans tez ¢alismasinin verilerini
icermektedir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamigtir.
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Cikar Catismasi Beyam

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi bulunmamaktadir.
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ABSTRACT

Plant Protection

The genus Sida (Malvaceae) is added to Flora of Tiirkiye firstly here in
as a new record genus. The alien weed species Sida spinosa L. was
collected from Adana province. The species description supported by
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Tiirkiye Florasi I¢in Yeni Bir Cins Kaydi: Sida L. (Malvaceae)

OZET Bitki Koruma
Bu calismada, Sida (Malvaceae) cinsi Tiirkiye florasina yeni bir kayit yrum— Makalesi
olarak eklenmistir. Sida spinosa L., yabanci orjinli bir yabanci ot tiri agtirma lakalesl
olup, Adana'dan toplanmistir. Tire ait Ornegin tanimi, detayh Makale Tarihgesi
fotograflari ile 6nerilen Tirkce ismi makalede verilmigtir. Gelis Tarihi :16.09.2023
Kabul Tarihi :27.10.2023
Anahtar Kelimeler
Malveae
Ebegtimecigiller
Sida
Yabanci ot florasi
Yeni kayit
To Cite : Tiink, S., Dogru-Koca, A., Uygur, S. & Uygur, F.N., (2024). A new genus record for the flora of Tiirkiye: Sida
L. (Malvaceae). KSU J. Agric Nat 273), 604-608. https://doi.org/10.18016/ksutarimdoga.vi. 1361562
Ataf Sekli: Tiink, S., Dogru-Koca, A., Uygur, S. & Uygur, F.N., (2024). Tiirkiye Florasi I¢in Yeni Bir Cins Kayd1: Sida L.
(Malvaceae). KSU Tarim ve Doga Derg 273), 604-608. https://doi.org/10.18016/ksutarimdoga.vi. 1361562
INTRODUCTION distribution in Iran may be due to anthropological

The family Malvaceae Juss. (Mallow family) comprises
245 genera worldwide (POWO, 2023). One of them,
Sida L., is mainly distributed in the tropics and
extends to temperate zones (Bayer & Kubitzki, 2003).
Although there are 255 accepted Sida species
worldwide, the genus is not present at Turkiye. Sida
included many taxa that are now genera such as
Abutilon Mill., Malvella Jaub. & Spach, Meximalva
Fryxell, Sidasodes Fryxell and Fuertes etc. (Siedo,
1999). Abutilon and Malvella occur in Tiirkiye (Cullen,
1967). Sida spinosa L. occurs naturally in Azerbaijan,
Georgia and Iran (POWO, 2023). In Iran it is only
known from the port city of Minab near the Gulf of
Umman and Basra (Riedl, 1976). Its limited

effects. There are fourteen Malvaceae genera in
Tirkiye (Uzunhisarcikli, 2012). There is only one
genus, Abutilon, which has been separated from Sida
and does not have an epicalyx similar to Sida (Cullen,
1967).

However, no specimens or records belonging to the
genus Sida were found in the databases, articles and
herbaria cited in Uludag et al. (2017). The genus Sida
L., which has never been found in Tiirkiye before, is
collected for the first time due to S. spinosa species and
included in the Flora of Turkey as a mallow genus
(Davis, 1967). Detailed description of the genus and
species is given, supported by photographs.
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MATERIAL and METHOD The Flora of Turkey and East Aegean Islands Volumes
The fresh samples of Sida spinosa were collected in 2 (Davis, 1967), 10 (Davis, 1988) and 11 (Giiner et al,,

Adana (S. Tiink, collector number CUBK-1MAVTF-2) 2000), Tiirkiye Bitkileri Listesi (Damarl Bitkiler)
during a weed survey in cotton fields at Adana, Mersin, (Uzunhisarcikli, 2012) and the checklists since 2012

Osmaniye and Hatay provinces in Tirkiye in  (Ozhatay et al, 2013; 2015 2017; 2019; 2022) were

September 2021 (Figure 1). After collection, the plant checked to identify the speci‘r‘ne?n.s. In ad.dit'jion,,’
samples were dried and given a collector number in databases ) §uch . as Blmm Bitkiler
order to become herbarium material. The voucher (hj;tpf//www.b1z1mb1tk11er.qrg.tr/v2/1pdex,php),

specimens were kept at the Herbarium of Hacettepe TUBIVES (http://www.tubives.com/index.php), POWO

University and the Herbarium of the Plant Protection (2023), GBIF (2023) were searched. A taxonomic

Department of Cukurova University. Leica Zoom 2000 search was made on 'acad(?.mifz web search pages with

stereomicroscope was used for morphological keywords S.uCh as “Sida, Turkiye, Malvaceae’. Finally,

examination of dried specimens and was photographed the herbaria HUB, GAZIL, ISTE, ISTO, AIBU, DUOF

under a DMSZ7P Digital Microscope. were checked to find a specimen identified as Sida.
s oY | TN
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Figure 1. World distribution of prickly fanpetals (Sida spinosa) [modified from POWO (2023)] (A) and location in

Turkiye (B).

Sekil 1. Dikenli Yelpaze Yaprak (Sida spinosa)’ in diinya yayilisi (POWO (2023)dan degistirilerek] (A) ve
Ttirkiye'de bulundugu yer (B).
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RESULTS Sida is distributed in South America, southern North
Sida L. America, Africa, the Arabian Peninsula, southern
Annual or perennial herb, sub-shrub or shrub. Leaves Asia, and Australia. It includes 255 accepted species
spirally arranged, stipules persistent, lamina simple. (POWO, 2023).

Inflorescence axillary solitary, c. 2/3 divided, often

basally 10-ribbed, lobes triangular or ovate, apex acute Sida spinosa L.

or acuminate. Epicalyx absent. Petals white, cream, Annual or perennial, erect, alternately branched herb,
yellow, orange, pink, red or purplish. Fruit reticulate, hairs minutely stellate puberulent, hairs up to 0.5 mm
glabrous or hairy, lateral walls usually persistent, long. Leaves alternate; stipule filiform, up to 5 mm
indehiscent below with well-differentiated dorsal wall, long; petiole 0.7-15 mm, minutely stellate; lamina
apically indehiscent or partially dehiscent. Mericarps ovate, 10-35 X 10-30 mm, base obtuse or cordate,
1-seeded, seeds glabrous (Fryxell & Hill 2015; Bayer & margin crenate-serrate, apex acute, upper surface
Kubitzki, 2003). glabrous, glabrescent or sparsely minutely puberulent,
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lower surface stellate pubescent. Flowers solitary,
axillary, terminal or subterminal; pedicels 5-10 mm;
calyx persistent, enclosing schizocarp, angulate, 3-5
mm, lobes ovate, 3-5 X 2-3 mm, purplish bordered,
short pilose hairy, apex acute; petals yellow, ca. 2.5

mm. Schizocarp nearly globose, ca. 3-5 mm in diam.;
mericarps 5, 2.5-4 mm, upper part densely short
pubescent, lower part reticulate-veined, apex spiny,
spines ca. 1 mm. Seeds clearly 3-sided, 1.5-2 X 1-1.5
mm, glabrous, brown (Figure 2).

Figure 2. General appearance of Sida spinosa L. (S. Tiink, CUBK-1MAVF-2) (a), flower (b), corolla (¢), fruit (d),
Mericarps (e-g), seeds (h). Scale bars: 10 cm (a), 1 mm (b-h).
Sekil 2. Sida spinosa L. nin genel goriiniisii (S. Tiink, CUBK-1IMAVF-2) (a), ¢cicek (b), corolla (c), meyve (d), mericarp

(e-g), tohum (h). Olgek: 10 cm (a), 1 mm (b-h).

Turkish name: Dikenli Yelpaze Yaprak
Flowering/Fruiting season: July-October

Examined material: South of Turkiye, Adana,
Yakapinar, cotton field, 17 ix, S. Tink, CUBK-1MAVF-
2 (Cukurova University, Agricultural Faculty, Dept. of
Plant Protection Herbarium)

As a new genus record for the flora of Ttrkiye. Sida can
be easily distinguished from Abutilon by calyx and

606

mericarp characteristics. The following identification
key 1s proposed for these two genera distributed in
Turkiye.

1. Epicalyx absent (Figure 2)

2. Mericarps 3-6 seeded .........eeuunnenn.n. Abutilon
3. 2'. Mericarps 1 seeded .........c.c.nen..... Sida

4. 1'. Epicalyx present the same as in Davis

(1967:402)
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Sida spinosais clearly different from other Sida species
by its erect habit, ovate leaves, cordate or subcordate
leaf base, minute stellate hairy stem, spiny tubercles
on petioles, 5 branched styles, 5 mericarps (Fryxell &
Hill, 2015).

As conclusion, the number of Malvaceae genus
increased by fifteen due to the new record of genus Sida
in Turkiye.

DISCUSSION

Prickly sida (Sida spinosa) is not native to Tiirkiye. In
summer crops in countries where it is present, this
species is a problem due to its weedy characteristics.
For this reason, many studies have been conducted on
the biology of the plant, environmental requirements
and its importance as weeds.

S. spinosa emerges in late spring and summer (Egley
& Williams, 1991). It grows best under hot conditions
(Teem et al., 1974). The optimal temperature range is
30-40°C, but light is not necessary for germination
within that range. It germinates at depths above 5.0
cm (Baskin & Baskin, 1984; Smith et al., 1992). Less
than 1% of this weed seeds remained viable after 5.5
years of burial (Egley & Chandler, 1983). It occurs
most often in soils with a high P content (Korres et al.,
2017). It grows better in soils with high K value than
in low or medium soils (Hoveland et al., 1976). The
growth of this species is significantly reduced to a pH
of 5.2 and below (Teem et al., 1974; Buchanan et al.,
1975). It prefers usually fertile loamy soil and poorly
compacted, well-drained soils (Korres et al., 2017). It is
able to maintain leaf function at higher water stress
levels than other weeds and it was more efficient to use
water than other C3 weeds (though not C4 weeds)
(Patterson & Flint, 1983).

S. spinosa is a widespread broadleaf weed found in
cotton, maize, peanut and soybean in the southern
United States (Webster & Coble, 1997; Webster &
Nichols, 2012). It is difficult to control these weeds in
cotton (Buchanan, 1974a). It occurs all over the cotton
belt of the USA and has been listed as one of the ten
most troublesome weeds (Buchanan, 1974b). Seed
cotton yields were not reduced in competition with .S.
spinosa for seven weeks or less after the emergence of
cotton and were weed-free for the rest of the season.
Cotton yields were unaffected when pure Sida spinosa
stands were monitored for 5-6 weeks after cotton
emerged and then allowed to grow uncontrolled for the
rest of the season. In more severe treatments of weed
competition, cotton height and the diameter of the
main stem were reduced (Buchanan et al., 1977). The
seed cotton yield was the most sensitive indicator of .S.
spinosa competition and the cotton yield reduced 40%
at high population of this weed (Buchanan et al., 1977;
1978; 1980). The growth of prickly sida was
significantly decreased in terms of the number of main
stem nodes, primary, secondary and third branches,
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amount of seed capsules generated and dry mass under
narrow row compared with wide row. However, plant
height was not affected by the management system
(Molin et al., 2004).
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OZET Bitki Koruma
Kimyasal ilaclarin insan ve c¢evre saghg: lizerindeki olumsuz etkileri }
bilim insanlarini alternatif yabanci ot kontrol yéntemleri arayisina Aragtirma Makalesi
yoneltmigtir. Bu ¢alismada zengin bir biyolojik cesitlilige sahip olan
Hakkari/Yuksekova Havzasinda yayilim gosteren yabanci otlar Makale Tarihgesi
iizerinde beslenen dogal diismanlarin (bécekler) belirlenmesi Gelis Tarihi  :20.06.2023
hedeflenmigtir. Survey  calismalar1  2020-2021  yillarinda Kabul Tarihi :16.10.2023
gerceklestirilmigtir. Calismada 10 farklh familyaya dahil 19 yabanci

Anahtar Kelimeler

ot turl tzerinde toplam 56 bocek tiira tespit edilmistir. Bu turlerden
6nemli bir kisminin (26 tiir) Coleoptera takimina bagl Curculionidae
(22 tiir) ve Chrysomelidae (4 tiir) familyalarina ait olduklar:

Yabanci otlar
Biyolojik miicadele

belirlenmigtir. Bolgede Curculionidae familyasina dahil; Lixus Bbcekle]_r )
elegantulus Boheman, 1843, L. bardanae (J.C.Fabricius, 1787), L. H?kkarlﬂuksekova
scolopax, Larinus onopordi (Fabricius, 1787), L. minutus Gyllenhal, Turkiye

1835 ve Rhabdorrhynchus anchusae Chevrolat, 1854 tiirlerinin
konuk¢u yabanci otlarin gelisimini ve tohum olusumunu
baskilayabildikleri saptanmistir. Bu tiir potansiyel ajanlarin yabanci
otlarin biyolojik kontroliinde kullanmilmas:1 igin konuk¢u test
¢alismalarina ihtiyag vardir.

Coleoptera Species Detected on Weeds in Hakkari/Yiiksekova Basin

ABSTRACT Plant Protection

The adverse effects of chemical pesticides on human and .
environmental health have prompted scientists to seek alternative Research Article

weed control methods. This study aims to identify natural enemies } }

(insects) feeding on weeds that are prevalent in the Article History
Hakkari/Yiiksekova Basin, which boasts rich biological diversity. Received +20.06.2023
The survey was conducted in 2020 and 2021. A total of 56 insect Accepted *16.10.2023
species were identified on 19 weed species belonging to 10 different

families. A significant portion of these species (26 species) belonged Keywords

to the Coleoptera order, specifically the Curculionidae (22 species) Weeds.

and Chrysomelidae (4 species) families. Among the Curculionidae Biological control

family in the region, it was determined that Lixus elegantulus Insects

Boheman, 1843, L. bardanae (J.C.Fabricius, 1787), L. scolopax, Hakkari/Yﬁksekova
Larinus onopordi (Fabricius, 1787), L. minutus Gyllenhal, 1835 and Turkiye

Rhabdorrhynchus anchusae Chevrolat, 1854 species could suppress
the growth and seed formation of host weeds. Host testing studies
are needed for the use of such potential agents in the biological
control of weeds.

At]_f I(;ln Sirr1, M., & Ozaslan, C. (2024). Hakkari/Yiiksekova Havzasinda Yabanci Otlar Uzerinde Saptanan Coleoptera
Tirleri. KSU Tarim ve Doga Derg 27(3), 609-621. DOI: 10.18016/ksutarimdoga.vi.1317489.

To Cite: Sirr1, M., & Ozaslan, C. (2024). (2024). Coleoptera Species Detected on Weeds in Hakkari/Yitkksekova Basin.
KSU J. Agr]'c Nat 27(3), 609-621. DOI: 10.18016/ksutarimdoga.vi.1317489.
GIRIS diinya genelinde tarimsal ekosistemler tizerinde baski

artmaktadir (Onen, 2014). Artan talebi kargilamasi
i¢in birim alandan daha fazla tiriin elde etmek temel
hedef olarak goriilmekte ve bu hedefe ulagsmak igin

Her gecen yil artan insan nifusuna bagl olarak gida
taleplerinin artmasi ve ekonomik gelismelere paralel
olarak ihtiyaclarin gesitlenmesinin bir sonucu olarak
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siirekli olarak iiretimde kullanilan girdiler (su, giibre,
pestisit vb.) artirllmaktadir (Ozer ve ark. 2001; Onen,
2010a; Roubos ve ark., 2014). Ancak bu yogun
(intensif) tarim uygulamalariyla daha fazla {iriin
alinabilmesine ragmen, tarim alanlarinda biyolojik
cesitliligin azalmasina, toprak erozyonunun
artmasina, kimyasal kirlilige, sosyo-ekonomik
stirdirilebilirligin  azalmasina yol agilabilmektedir
(Onen & Ozcan, 2010; Bulut & Gdokalp, 2022).

Nitekim  yogun girdi  kullannmina dayanan
konvansiyonel tarim sistemlerinde biyolojik
cesitliliginin basta organik tarim ve iyl tarim

uygulamalari olmak tizere "g¢evre dostu" sistemlere
géore ¢ok daha az oldugu ve bunun Onemli
sebeplerinden birinin yogun pestisit kullanimindan
kaynaklandig1 diigiiniilmektedir (Onen, 2010b; Onen
& Kara, 2008a; Crowder & dJabbour, 2014). Bu
nedenle literatiirde kimyasal miicadeleye alternatif
bitki koruma stratejilerine artan bir ilgi oldugu
goriilmektedir (Onen, 2003; Baker ve ark., 2023).

Kultiur bitkisi ile stirekli rekabet igerisinde olan ve
yiksek diizeyde verim/kalite kayiplarina neden olan
yabanci otlar tarimsal ekosistemde  Uretimi
sinirlandiran en 6nemli bitki koruma sorunlarindan
birisi konumundadir (Ozer ve ark., 2001). Ayrica
yabanct ot kontroli amaciyla yapilan mekanik
islemler, herbisitler kullanimi vb. uygulamalar girdi
maliyetleri igerisinde oOnemli bir yer tutmaktadir
(Onen ve ark., 2012; Onen & Kara, 2008b). Zira
kiiresel duizeyde kullanilan pestisit miktarinin
yaridan fazlasini yabanci ot miicadelesinde kullanilan
herbisitler (%52) olustururken, fungusitler ve
insektisitlerin sirasiyla %23 ve %18 duzeyinde oldugu
rapor edilmistir (FAO, 2022). Ayrica yabanci otlarin
allelopatik ve parazit etkileri, toprak igsleme ve hasadi

zorlagtirmalari, zehirli ve zararli etkileri vb.
hususlarda  dikkate alindiginda  yabanci ot
miicadelesinin  vazgecilemez tarimsal islemler

arasinda yer aldigi gorilmektedir (Onen, 2020).
Nitekim yabanci otlar nedeniyle olusan tiretim kaybi
ile sebep olduklar1 diger sosyo-ekonomik sorunlar
sebebiyle ortaya c¢ikan kayiplarin kiiresel dizeyde
yillik olarak 40 milyar dolarin tzerinde oldugu
tahmin edilmektedir (Anonim, 2022). Bu nedenle
tarimsal Uiretimde yabanci otlar1 bagarili bir sekilde
idare edilmeden tarimsal iretimin stirdiiriilebilirligi
miimkiin degildir (Onen, 2021).

Yabanci otlarla miicadelede basta kimyasal, mekanik,
fiziksel ve biyolojik miicadele olmak tlizere ¢ok farklh
yontemlerden yararlanilmaktadir. Ancak giinimiizde
ortaya ¢ikan yeni yabanci ot sorunlar1 da dikkate
alinarak, strdirilebilir ve bagsarili yabanci ot idaresi
icin farkli yabanci ot stratejilerinin bir arada
kullanildig1 entegre yénetim modelleri 6nerilmektedir
(Atay ve ark., 2015). Diger taraftan kiiresel 1sinma ile
asir1 ve bilingsiz kullanilan tarimsal girdiler sonucu
hasar goren ve fonksiyonlarini yerine getiremeyen
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tarimsal ekosistemlerde sorun haline gelen istilaci
yabanci otlarin kontrol altinda tutmak ve tarimsal
strdurulebilirligi korumak amaciyla yeni
yaklagimlara ihtiya¢c oldugu gérillmektedir (Onen,
2015; Sirr1 & Ozaslan, 2022). Bu baglamda biyolojik
miicadeleye daha fazla odaklanilmasi gereken kontrol
yontemlerinin basinda geldigi belirtilmektedir (Atay
ve ark., 2015; Pehlivan ve ark., 2022). Genel olarak
yabanci1 otlarla biyolojik miicadele, potansiyel dogal
diisman olabilen eklem bacakhlar (bocekler ve
akarlar), bitki patojenleri (mantarlar, bakteriler,
viriisler ve nematodlar), baliklar, kuslar ve diger
hayvan tiirler: kullanilarak, yabanci ot poptlasyon ve
yogunlugunu  kontrol altina alinmasi veya
baskilanmas1 seklinde tamimlanmaktadir (Uygur &
Uygur, 2010).

Yabanci otlarla biyolojik micadelenin ¢ok uzun bir
gecmisi olsa da modern anlamda yabanci otlarin
biyolojik kontroliine iligkin c¢alismalarin yirminci
yuzyildan itibaren bagladig1 gérilmektedir. Yabanci
otlarin biyolojik miicedelesine iligkin ilk somut
calismalar Hawaii'de (1902) ve Avustralya'da (1914)
sorun olan Lantana camara L.ya karg1 potansiyel
biyolojik kontrol ajanlarmin (béceklerin) arastirilmasi
amaciyla baslamistir (Winston ve ark., 2014). Son
yillardaki teknolojik gelismelerin de bir sonucu
olarak, ajan takibini kolaylagsmasi ve biyo-kontrol
ajanlarinin  seri iiretiminin (preparat veya dogal
diisman salimi seklinde) hiz kazanmasi biyolojik
micadele uygulamalarina olan ilgiyi arttirmistir
(Bell, 2015). Yabanci otlarin biyolojik kontroliine
yonelik saha ve etkinlik ¢alismalarinin artmasina
bagli olarak yeni biyolojik kontrol ajanlarin sayis1 da
hizla artmigtir (Herrick & Kok, 2010; Giiven, 2020;
Pehlivan ve ark., 2022; Sirr1 & Ozaslan, 2022; Sirr1 ve
ark., 2022; Winston ve ark., 2023). Nitekim 190071ii
yillardan giinimiize gelindiginde biyolojik micadele
kapsaminda 200’den fazla yabanci ot turiine karsi
500’den fazla biyolojik kontrol ajaninin test edildigi
goriilmektedir (Day & Witt, 2019).

Turkiye, sahip oldugu konumu ve c¢ok farkh
ekosistemlere sahip olmasi nedeniyle Dbiyolojik
cesitlilik acisindan son derece zengindir (Onen &
Ozcan, 2010). Bu canl cesitlilik icerisinde bitki
koruma etmenlerinin popiilasyon yogunluklarini
dengeleyen potansiyel biyolojik kontrol ajanlarin
gesitliligini de etkilemektedir. Dolayisiyla Tirkiye
biyolojik kontrol ajanlari1 yoniyle ©6nemli bir
potansiyele sahiptir. Ulkemizde yabanci otlarin
biyolojik kontroliine yonelik ilk etkinlik c¢aligmalari;
Lodos (1971) tarafindan demir dikeni (7ribulus
terrestris L.) lizerinde tespit edilen Microlarinus spp.
(Coleoptera: Curculionidae)’nin etkinlik
denemeleriyle baglamigtir. Daha sonra ise Giray &
Nemli (1983) tarafindan, Orobanche spp.ne karsi
Phytomyza orobanchia Kalt. (Diptera:
Agromyzidae)nin etkinlik calismalar1 ile devam
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etmistir. Ilerleyen siirecte diinyada biyolojik
micadele c¢aligmalarinin hiz kazanmasi ve konu
uzmanlarinin arasindaki koordinasyonun

gelismesiyle bu tiur calismalar tlkemizde de ivme
kazanmistir (Aslan ve ark., 1999; Aslan ve ark., 2003;
Cristofaro ve ark., 2002; Kasap, 1988a; Kasap, 1988b;
Uygun ve ark., 1994; Uygur, 2004; Uygur ve ark.,
2004; Uygur ve ark., 2005; Uygur ve ark., 2007;
Uygur ve ark., 2012; Giiven, 2020; Pehlivan ve ark.,
2022). Ulkemizde ki ekosistem c¢esitliligi yami sira
dogal yapis1 bozulmaya ve tarimsal girdi kullanimin
diisik oldugu Karadeniz ve Dogu Anadolu Boélgelerde
Ozercan & Tasc1 (2020), potansiyel biyolojik kontrol
ajanlar1 gesitliliginin ve poptulasyonlar1 daha yuksek
oldugunda konukcular: tizerindeki etkinlikleri daha
belirgin olabilmektedir (Sirr1 & Ozaslan 2023). Bu
cercevede zengin bir bitki florasina ev sahipligi
yapan, simirli dizeyde pestisit ve kimyasal giibre
kullaniomi1  olan ve hala geleneksel tarim
uygulamalarina devam edilen Hakkari ili Yiksekova
Havzas1 bozulmamig dogal yapis1 ile potansiyel
biyolojik kontrol ajanlari igin 6nemli bir habitat alam
olarak goriilmektedir (Sirr1 & Ozaslan, 2022; Sirr1 ve
ark., 2022; Sirr1, 2022; Swrr1 & Ozaslan 2023). Bu
bakis acisiyla; havzayr temsil edecek sekilde farklh
kullanim (tarim ve tarim disy) alanlarinda yayilim
gosteren yabanci otlar lizerinde beslenen Coleoptera
turlerinin belirlenmesi hedeflenmigtir.

MATERYAL ve METOD

Calisma alani, etrafi yuksek daglarla cevrili bir
¢okluntl ova olup 37°25'49" - 37°36'32" K enlemleri ile
44°04'21" 44°22'56" D Dboylamlar1 arasinda yer
almaktadir. Ovanin yiikseltisi 1950-2000 metre
arasinda degismekte ve yaklagik 19.5 bin ha’dan
olusmaktadir. Boélgenin uzun yillar (1979-2018)
ortalama yillik yagis miktar: 762 mm, ortalama yillik
buharlagsma ise 850 mm’dir. Yillik ortalama sicaklik
6.9 °C olup en diisiik ortalama sicaklik Ocak (-9.3 °C)
ve en yiiksek ortalama sicaklik Temmuz (21.3 °C)
ayinda gorulmektedir. Yiikksekova'da yaz mevsimi ¢ok
kisa kis mevsimi ise oldukc¢a uzundur. Son 40 yillik
iklim verilerine gore yillik ortalama 96 giin yagish
ge¢cmekte olup bunun 43 gininde kar yags
gorilmektedir. Ortalama 120 giin kar ile kaph kalan
calisma alaninda kar oOrtist yaklastk 1 m’ye
ulasabilmektedir (Anonim, 2019).

Alanda yayilim gosteren yabanci ot turleri tizerinde
bulunan bécek tiirlerinin belirlenmesi amaciyla 2020-
2021 yillarinda siirvey ¢calismalar: yapilmigtir. Stirvey
calismalarindan 6nce havza 1 x 1 km’lik gritlere
ayrilmigtir. Buna gére ¢calisma alanini temsil edecek
sekilde toplam 232 noktada incelemeler yapilmistir.
Strvey calismalari ilkbahar déneminde yabanci
otlarin ¢ikig ile vejetasyon déneminin sonuna kadar
(mayis ile eylil aylar1 arasinda) 4 farkli dénemde
gerceklestirilmis ve tarim alanlar1 ile tarim dis1
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alanlarda bulunan yabanci otlar, uzerlerinde
beslenen zararli etmenler (larvalar, ergin vb.) yoniiyle
taramadan gecirilmigtir. Bu amacgla her noktada
tesadifi olarak yayilis goésteren her yabanci ot
tirtinden en az 10, en ¢ok 20 bitki entomolojik
etmenler yo6niiyle incelenmigtir. Yabanci otlar
uzerinde beslenen zararhlarin resimleri ¢ekilmis,
sayimlari yapilmig ve 6rnekler alinmigtir. Rastlanan
ergin bireyler oOldirme siselerinde oldirilmis ve
uygun kaplarda laboratuvara getirilmigtir. Ergin
oncesi donemde bulunan zararlilar ise igerisine
yeterli miktarda bitki materyali ile beraber
(zararlinin beslenmesi icin) plastik kaplara konularak
laboratuvara getirilmigtir. Laboratuvara getirilen
ergin oOncesi zararli oOrnekleri uygun kosullarda
kiltlire alinarak erigin ¢ikiglar1 beklenmistir. Ayrica
tzerinde zararh tespit edilen yabanci ot tirlerinden

ornekler alinmigs herbaryumlar1 yapilmig ve
tesghislerin yapilmasinda kullanilmistir.
Tar diizeyinde teshis islemlerinin

gerceklestirilebilmesi igin yabanci ot ve bocek
ornekleri konu uzmanlarina génderilmigtir. Calisma
alaninda tespit edilen yabanci otlarin teshisleri Siirt
Universitesi Fen Edebiyet Fakiiltesi, Biyoloji Bélumii
ogretim  tyesi Do¢. Dr. Mehmet FIDAN’a
onaylatilmis,  Curculionidae familyasina dahil
boceklerin teshisleri Hacettepe Universitesi Fen
Fakultesi, Biyoloji Bolimii 6gretim tiyesi Prof. Dr.
Osman SERT tarafindan, Chrysomelidae familyasina
dahil boceklerin teshisi ise Gazi Universitesi Fen

Fakiiltesi, Biyoloji Bolimii Dr. Ogretim Uyesi
Neslihan BAL tarafindan  yapilmigtir. Diger
familyalara ait tirlerin teshisinde 1ise Siirt

Universitesi Ziraat Fakiiltesi Bitki Koruma Béliimii
ogretim tlyeleri Dog. Dr. Cevdet KAPLAN ve Dog. Dr.
Mustafa Cemal CIFTCI'nin katkilar1 alinmigtir.

BULGULAR ve TARTISMA

Calisma alaninda gergeklestirilen strveylerde havza
genelinde 10 familyaya ait 19 yabanci ot tira
uzerinde dogal ajanlar saptanmagtir. Yabanci otlarin
dahil olduklar1 familya ve tiir sayilar1 Asteraceae (10
tiir), Boraginaceae (1 tiir), Caprifoliaceae (1 tiir),
Cyperaceae (1 tiir), Fabaceae (1 tiir), Lamiaceae (1
tir), Malvaceae (1 tiir), Polygonaceae (1 tiir),
Orchidaceae (1 tiir) ve Scrophulariaceae (1 tiir) olarak
belirlenmistir (Cizelge 1). Bu yabanci ot tiirleri
iizerinde (yaprak, cicek, tohum, gévde ve koklerde)
beslenen veya tespit edilen 10 familyaya ait 56 bocek
tiri tespit edilmistir (Cizelge 1). Yabanci otlar
uzerinde tespit edilen boécek tirlerinin en fazla
Coleoptera takimina bagli Curculionidae (22 tiir) ve
Chrysomelidae (4 tiir) familyalar1 ait olduklar
belirlenmigtir. Diinya genelinde yabanci otlarin
biyolojik miicadelesinde yaygin olarak kullanilan
bocek turlerinin daha ¢ok bu familyalara ait olduklar:
belirtilmektedir (Day & Witt, 2019; Winston ve ark.,
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2023). Dolayisiyla sonuclar bélgenin 6nemli bir
potansiyele sahip olabilecegine isaret etmektedir. Bu
cerceveden calisma sonuglari iki ayri baglik altinda
ele alinmigtir.

Yabanc: Otlarin Biyolojik Miicadelesinde Potansiyel
Oneme Sahip Baz1 Bécek Tiirleri

Nitekim yapilan gozlemlerde bazi bocek turlerinin
konuk¢u yabanci otlar tlzerinde yogun sekilde
beslendigi, biyolojik donemlerini gecirdigi ve
konukgularinin yaprak/stirgiinlerinde deformasyona
ve kurumalara yol acabildikleri gérulmustir. Ayrica
konuk¢u yabanci otlarin tohum tablasi, gévde ve yan
dallara yumurta birakmak igin delikler agtiklar1 ve
¢ikan geng bireylerin beslenme sonucu bitkinin iletim
demetlerinde/cicek tablalarinda hasar olusturarak
kurumalara neden olabildikleri  saptanmagtir.
Bilhassa yumurta birakilan noktalarda (gévde, yan
dal) ¢ikan larvalarin beslenmesi sonucu konuk¢unun
govdesi neredeyse tamamen deforme olabilmekte,
govde, dal ve cigek tablalar1 kirilabilmektedir. Bazi
bocek tirleri konukgu bitkinin tohum tablasina yakin
bolgelere yumurtalarini birakmasi ve ¢ikan larvalarin
tohumlarla beslenmesi sonucu konuk¢u yabanci otun
tohum popllasyonun da azalabildigi saptanmigtir.
Dolayisiyla bazi tirlerin  konuk¢u yabanci ot
turlerinin populasyon yogunlugunun azalmasinda
oldukca etkili olabildigi goézlemlenmistir. Yukarida
belirtilen c¢ercevede baz1 yabanci ot tirlerinin
biiyiimesini, gelismesini ve iiremesini (tohum
olusturma) etkileyerek dogal yollarla tiiriin
popllasyon dinamigini etkileyen 5 bocek tiura ve
etkiledikleri yabanci ot tiirleri agagida siralanmigtir.

Lixus elegantulus Boheman, 1843 (Coleoptera:

Curculionidae)

Konuk¢u yabanci ot tiuri: Amaranthus retroflexus L.
(Amaranthaceae)

Dinyadaki yayilisi: Tiirkiye, Suriye, Macaristan,
Kafkaslar, Orta ve Giiney Sovyetler Birligi

Tirkiye’deki yayihsi:  Aydin, Izmir, Bursa,
Canakkale, Kiitahya, Icel, Kirklareli, Bilecik,
Ankara, Mugla, Antalya, Kayseri, Nigde, Nevsehir,
Sakarya, Bilecik, Diyarbakir, Mardin, Elazg,

Erzurum, Gaziantep, Kirgsehir, Usak, Malatya, Kars,
Hakkari, Igdir ve Van (Lodos ve ark., 2003; Pehlivan
ve ark., 2005a; Erbey, 2010; Erdem, 2016).

Tespit edilen lokasyonlar: Buytik
ciftlik/Yuksekova/Hakkari 37°35' 65"N/44°04' 49"E

Konukcuda olusturdugu zararlar: Calisma alaninda
bécek erginlerinin konukgu A. retroflexus yapraklar
uzerinde beslendigi, yumurtalarini gévde ve dallarina
biraktig1 ve ¢ikan larvalarin konukg¢u bitkinin gévde
ve dallarinin i¢ kisimlarinda beslenerek galeriler
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actig1, pupa donemini gecirerek ergin olarak digari
¢iktiklar: gézlemlenmigtir.

Diinya genelinde Amaranthus tirleri tizerinde
beslenen ve popiilasyon yogunlugunu baskilayan
farkli bécek turleri bulunmaktadir. Avrupa genelinde
Amaranthus tirleri Uzerinde 241 bécek tiirinin
varhigr ortaya konulmustur (El-Aydam & Biirki,
1997). Vogt & Cordo (1976) tarafindan yapilan bir
calismada Amaranthus  tlrlerini baskilayan
Disonycha glabrata (F.) (Coleoptera: Chrysomelidae)
tirinin etkili oldugu belirtilmistir. Ulkemizde ise
Giiltekin & Korotyaev (2012) tarafindan yapilan bir
calismada Hypolixus pica (F., 1798) (Coleoptera:
Curculionidae) tiiriiniin A. spinosus ve A. viridis
tirleri tzerinde beslendigi larvalarin gévde ve yan
dallarda galeriler olusturdugu tespit edilmistir. Zira
farkli arastirmacilar tarafindan A. retroflexus icin
Disonycha glabrata (Fabricius) (Coleotera:
Chrysomelidae) ve A. spinosus ic¢in ise Hypolixus
truncatulus (Fabricius) (Coleotera: Chrysomelidae)
turinin biyolojik micadelede biokontrol ajani olarak
kullanildign  belirtilmistir (Balsbaugh Jr, 1981;
Waterhouse, 1994; Winston ve ark., 2023). Benzer
sekilde Pehlivan ve ark. (2022) tarafindan yapilan bir
calismada H. pica (F.) tiirtiniin farkhh Amaranthus
turleri tizerinde bulundugunu ve o6zellikle turin A.
retroflexus ve A. palmeri S.Watson i¢in potansiyel

biyolojik micadele ajani olabilecegini
belirtilmiglerdir. Literatiirde Amaranthus tirleri
uzerinde beslenen ve konuk¢unun popilasyon

yogunlugunu baskilayan diger bazi boécek tirlerinin
tespit edildigi calismalara da rastlanmistir (Aslan &
Ozbek, 1998; Aslan ve ark., 2003; Cam & Atay, 2004;
Gultekin & Korotyaev, 2012; Oksar & Uygur, 2000;
Tozlu ve ark., 2010). L. elegantulusun genel olarak
Asteracee iizerinde bulundugu (Avgin & Colonnelli,
2011), ancak bu calismada A. retroflexus tizerinde
tespit edildiginden diinya i¢in ilk kayit olma 6zelligini
de tagimaktadar.

Lixus bardanae (J.C.Fabricius, 1787) (Coleoptera:
Curculionidae)

Konukgu yabanec1 ot tara: Rumex crispus L.

(Polygonaceae)

Diinyadaki yayihsi: Kafkasya, Orta Asya, Giiney
Avrupa, Tirkiye, Fransa, Almanya, Ukrayna, Italya
Rusya Federasyonu, Avusturya, Danimarka, Polonya,
Isveg, Sirbistan, Romanya, Fransa, Norveg, Litvanya,
Kazakistan, Macaristan, Liiksemburg, Belcika,
Estonya, Isvicre, Bulgaristan, Hollanda (Giiltekin ve
ark., 2004; GIBF, 2023).

Tirkiye’deki yayilisi: Bayburt, Erzurum, Izmir, Kars,
Hakkari, Van (Giiltekin ve ark., 2004; Sirr1, 2022)
Konukcu dizisi: Rumex spp. (Polygonaceae) ve
Laserpitium gallicum L. (Apiaceae)
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Tespit edilen lokasyonlar: Demir
Konak/Yiiksekova/Hakkari, 37°31'56"N/44°22'21"E

Konuk¢uda olugturdugu zararlar: A. crispus uzerinde
tespit edilen L. bardanae tiiri erginlerinin yaprak ve
govde kisimlarinda beslendigi  gézlemlenmisgtir.
Digilerin govde kisminda delikler acarak
yumurtalarinin gévde icine biraktigi ve c¢ikan
larvalarin ise govde icinde beslendigi ve galeriler
actiklar: saptanmagtir.

Giiltekin ve ark. (2004) tarafindan da L. bardanae
tirinin konukcusu olan R. crispusun tizerinde farkl
biyolojik dénemlerde bulunduklar1 ve kis1 ergin
olarak konuk¢usunun kék bogaz kisma yakin 1-3 cm
toprak icerisinde gecirdikleri belirtilmistir. Ayrica
erginlerin yapraklarda beslendigi, digilerin
yumurtalarini bitki govdelerine biraktigi,
yumurtadan c¢ikan gen¢ larvalarin goévde icinde
beslendigi ve galeriler agtiklari rapor edilmistir.
Diger yandan, L. bardanae konukc¢usunun vejetatif
aksaminda beslenmesi ve biyolojik doénemlerini
gecirmesi ile belli oranda zararlar olusturdugu, tarim
alanlarinda 6nemli ve yaygin bir yabanci ot olan FA.
cripus'un dogal miicadelesinde yararl bir biyo-kontrol
ajan1  olma  potansiyeline sahip  olabilecegi
belirtilmigtir. Yapilan diger bazi ¢calismalarda ise F.
acetosella L. tzerinde L. salsolae Becker tlurunin
bulundugu ve bu tiiriin de benzer gekilde yapraklar
tuzerinde beslenerek 6nemli zararlar olusturabildigi
belirtilmistir (Aydin & Kismali, 1990; Aslan & Ozbek,
1998).

Rhabdorrhynchus  anchusae  Chevrolat, 1854

(Coleoptera: Curculionidae)

Konuk¢u yabanci ot tiirii: Anchusa azurea Mill. var.
azurea (Boraginaceae)

Diinyadaki yayihs1* Afganistan, Israil, Kibris, Urdiin,
Suriye, Iran, Ortadogu, Tiirkiye (Fremuth, 1982;
Legalov ve ark., 2010; Avgin & Colonnelli, 2011).
Tirkiye’deki yayilisi: Osmaniye, Hakkari (Fremuth,
1982; Avgin & Colonnelli, 2011; Sirr1, 2022)

Tespit edilen lokasyonlar: Giurdere
koyu/Yuksekova/Hakkari 37°30'41"N/44°12'60"E,
Dedeler

koyu/Yuksekova/Hakkari/Yiksekova/Hakkari
37°31'72"N/44°21'64"E, Karabey koyt 37°26'
28"N/44°24'95"E, Cukurova koyi/Yuksekova/Hakkari
37°29'84"N/44°21'80"E, Yiksekova Merkez/ Hakkari
37°33'17"N/44°17'98"E

Konukguda olugturdugu zararlar: A. azurea tzerinde
tespit edilen K. anchusae erginlerinin konuk¢unun
yaprak ve goévdelerinde beslendigi ve yumurtalarini

bitkinin govdesine biraktig gézlenmigtir.
Yumurtadan ¢ikan larvalarin gévde iginde beslenerek
galeriler actign  ve koklere dogru gittikleri

saptanmigtir. Goévdedeki dokularin zarar goérmesi
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sonucu kirilmalar olustugu ve kurumalar meydana
geldigi tespit edilmistir. Calismada bécegin bolgedeki
farkli lokasyonlarda 10 bitkinin 6’sinda biyolojik
donemler gecirdigi tespit edilmistir. Bu nedenle

bolgede boécegin  yogunlugunun yiiksek oldugu
konuk¢usu olan A. azurea populasyonlarinin
baskilanabildigi  goézlemlenmisgtir. Daha  o6nceki

calismalarda da K. anchusae tirinin Boraginaceae
familyas1 tzerinde beslendigi ve biyolojik dénemler
gecirdigi belirtilmistir (Halperin & Fremuth, 2003;
Avgin & Colonnelli, 2011). Dolayisiyla tiir en azindan
dogal biyolojik miicadele yoniiyle desteklenmesi
gereken dogal diismanlar arasinda yer almaktadir.

Larinus onopordi Fabricius, 1787 (Coleoptera:

Curculionidae)

Konuke¢u yabanci ot tirleri: Echinops spinosissimus
Turra subsp. bithynicus (Boiss.) Greuter, K. pungens,
E. sphaerocephalus, Cirsium sp. (Asteraceae) (Lodos
ve ark., 1978; Giltekin, 2006; Guven, 2020; Sirri,
2022).

Dinyadaki yayilisi: Azerbaycan, Bosna Hersek,
Bulgaristan, Ermenistan, Fransa, Gurcistan, Iran,
Ispanya, Israil, Italya, Karadag, Kazakistan, Kibris,
Libnan, Portekiz, Rusya, Sirbistan, Suriye, Suudi
Arabistan, Tacikistan, Turkiye, Turkmenistan,
Ukrayna, Yunanistan (Alonso-Zarazaga ve ark., 2017:
Giiven, 2020).

Tuarkiye’deki yayiligi: Adana, Aydin, Adiyaman,
Afyon, Artvin, Balikesir, Bingol, Bitlis, Burdur,
Bursa, Canakkale, Diyarbakir, Edirne, Elazg,

Erzincan, Erzurum, Gaziantep, Izmir, Igdir, Isparta,
Hatay, Hakkari, Kars, Kilis, Kirikkale, Kirklareli,
Malatya, Manisa, Nevsehir, Osmaniye, Sanliurfa,
Sivas (Lodos ve ark., 1978; Giltekin, 2006; Giiven,
2020, Sirr1, 2022).

Tespit edilen lokasyonlar: Ornek
koy/Yiksekova/Hakkari, 37°27'70"N/44°23'17"E,
Yirekli koytu/Yuksekova/Hakkari,

37°25'80"N/44°22'54"E

Konukg¢uda olugturdugu zararlar: L. onopordi turu E.
spinosissimus Uzerinde tespit edilmistir. Bocegin
erginleri  konuk¢usunun  yaprak @ ve govde
kisimlarinda beslenmesi sonucunda yapraklarda
deforme ve sararmalar meydana gelirken, gévdede ve
dallarda agtiklar1 delikler nedeniyle bikiilmeler
oldugu gozlemlenmistir. Ayrica topuz taban kisminda
beslenmesi sonucu diusmektedir. Bocek
konukg¢usunun 6zellikle topuz ve govdesinde meydana
getirdikleri kirilmalar bitkinin vejetatif gelisimini
engelledigi gibi tohum olusturma potansiyelini
diigirmektedir. Ayrica yumurtalarini topuz igerisine
birakarak g¢ikan larvalarin beslenmesi sonucu topuz
i¢ini ¢ogunlukla bosalttigi saptanmigtir. Daha &énce
yapilan farkli c¢alismalarda da L. onopordinin FE.
pungens Trautv. ve FE. sphaerocephalus L. tirleri
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uzerinde beslendigi ve biyolojik dénemler gecirerek
bitkinin performansini disilirerek zamanindan o6nce
sararmasina neden oldugu belirtilmistir (Giiltekin,

2006; Giiven, 2020). Dolayisiyla hem arazideki
gozlemlerimiz hem de literatir ¢alismalarinin
sonuglar1  degerlendirildiginde L.  onopordimin
Fchinops turlerinin  popililasyon  yogunlugunun

dengelenmesinde potansiyel bir dogal diisman oldugu
sonucuna varilmistir.

Larinus minutus Gyllenhal, 1835 (Coleoptera:

Curculionidae)

Konukg¢u yabanci ot tiirleri: Centaurea iberica Trev.
ex Spreng., Centaurea diffusa Lam. Carduus nutans
L., Cirsium sp. (Lodos ve ark., 1978; Myers ve ark.,
2009; Giiven, 2020; Sirri, 2022).

Dinyadaki yayilisi: Avusturya, Azerbaycan, Bosna
Hersek, Ermenistan, Rusya, Gurcistan, Hirvatistan,

Bulgaristan, Slovakya, Liibnan, Isvec, Suriye,
Turkiye, Nearktik  Bolge, Karadag, Israil,
Makedonya,  Macaristan, @ Moldova, Romanya,

Sirbistan, Ukrayna, Iran, Kazakistan, Slovenya,
Yunanistan (Alonso-Zarazaga ve ark., 2017; Giiven,
2020).

Turkiye’deki yayilisi: Adiyaman, Ankara, Antalya,
Agri, Aydin, Balikesir, Bitlis, Burdur, Canakkale,
Corum, Diyarbakir, Edirne, Eskisehir, Gaziantep,
Hakkari, Hatay Kahramanmarasg, Kayseri, Karaman,
Kirsehir, Kilis, Mardin, Mersin, Mugla, Nigde, Igdir,
Isparta, Izmir, Osmaniye, Sivas, Siirt, Sanlurfa, Van,
Yozgat (Lodos ve ark., 1978; Sert, 1995; Lodos ve ark.,
2003; Pehlivan ve ark., 2005b; Giiven, 2020).

Tespit edilen lokasyonlar:
yolu/Yiiksekova/Hakkari
37°26'92"N/44°24'95"E, Yiiksekova-Semdinli
yolu/Hakkari 37°23'84"N/44°23'80"E, Aksu
Koyu/Yuksekova/Hakkari 37°33'54"N/44°12'54"K

Konukcuda olugturdugu zararlar: L. minutus
tirinin bélgede C. iberica lzerinde beslendigi ve
biyolojik dénemler gecirdigi saptanmistir. Bocegin
erginlerinin bitki uzerinde beslendigi ve
yumurtalarinin tohum tablasinin ic¢ine biraktig:
goriulmistir. Ayrica c¢ikan larvalarin tabla ic¢inde
beslenerek pupa doénemine gegtigi gézlemlenmigtir.
Ozellikle larva doneminde tabla icini biiyiik oranda
bosaltabildikleri  saptanmigtir.  Boélgede  farkh
lokasyonlarda yapilan goézlemlerde bazi 6rnekleme
noktalarinda boécege ait ergin ve larva popllasyon
sayilarinin oldukca yiiksek oldugu gézlemlenmigtir.

Ulkemizde yapilan calismalarda bécegin farkh
konukcular (C. nutans, Cirsium sp.) {izerinde
beslendigi ve 6zellikle tohum tablalarinda beslenerek
konukgularinin tohum popilasyonun digiirmesinde
etkili olabildikleri belirtilmistir (Giiven, 2020; Sirri,
2022). Benzer sekilde Kanada, Ingiltere ve
Kolombiya’da yapilan calismalarda da C. diffusa

Karabey  cevre
37°26'12"N/44°23'78"E,
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biyolojik miicadelesinde kullanilan L. minutusun
konukgusunun tohum popllasyonunu 6nemli 6lgiide
dugtrildigi saptanmistir. Ancak bu tirin tek
basina C. diffusa bitki yogunlugunu azaltmak igin
yeterli olmadig1 belirtilmistir (Myers ve ark., 2009).
Dolayisiyla tek bagina biyolojik miicadele ajani olarak
is gorme potansiyeli diisiik olsa dahi L. minutusun
desteklenmesinin bélgede Centaurea tirlerinin baski
altinda tutulmasi i¢in 6nemli katki sunabilecegi
kanaatine varilmigtir.

Yabanci Otlar Uzerinde Saptanan Diger Bicek
Tiirleri

Yukarda deginen bocek turlerinin diginda farkh
yabanci otlar tizerinde beslenen ve/veya belirli
biyolojik dénemlerinis geciren 51 adet bocek tiuria de
saptanmistir (Cizelge 1). Yapilan gézlemler ve
literatiir taramas1 sonucunda bunlardan bazilarinin
da yabanci otlarin kontroliinde potansiyel dogal
disman olabilecegi sonucuna varilmistir. Bu
tiirlerden bazilary;, Lixus scolopax (C. haussknechtii
/I. helenium), Larinus sp. (C. haussknechtii, E.
spinosissimus), Cassida pannonica (C. behen), Lixus
sp. (L. serriola) ve Bruchidius glycyrrhizae (G. glabra)

turleridir. Bu  dogal ajanlarin  erginlerinin
konukgularinin yaprak ve gévde kisimlarinda
beslenerek, zarar gormelerine, kirilmalarina ve

kurumalarina neden olabildikleri goézlemlenmigtir.
Ayrica bu tlrlerin yumurtadan c¢ikan larvalarinin
tohum popilasyonun énemli 6lgiide azaltabildikleri
de saptanmigtir. Yukarida detayli olarak verilen
turler diginda kalan ve yabanci otlar {izerinde
saptanan diger bocek turleri Cizelge 1’de verilmisgtir.

Calisma alanindaki yabanci otlar tizerinde beslenen
dogal dusman belirlenmesine yonelik slrveylerde

tespit edilen Curculionidae ve Chrysomelida
familyalarina ait bocek tiirlerinin konukc¢u baz1
yabanci ot  poptlasyonlarni  6nemli  o6lglide

baskilayabildigi saptanmigtir. Nitekim hem yurt disi
hem de yurt iginde yapilan biyokontrol ¢aligma
sonuclar1 bu familyalara ait entomolojik etmenlerin
yabanci otlarin populasyonlarimi  baskilamadaki
bagarilar1 ortaya konulmug olup bu tiirlerin biyolojik
ajan olarak kullanim potansiyelleri yuksek oldugu
goriilmektedir (Campobasso ve ark., 1998; Cam &
Atay, 2004; Giltekin ve ark., 2004; Giltekin ve ark.,
2008; Gultekin & Korotyaev, 2012; Tozlu ve ark.,
2010; Uygur, 2004; Cripps ve ark., 2010; Uygur ve
ark., 2012; Carson ve ark., 2014; Winston ve ark.,
2023). Ulkemizde farkli illerde yapilan baz
calismalarda da bu familyalara dahil tirlerin farkh
yabanci otlar uzerinde gorilebildigi ve
konukgularinin geligimlerini 6nemli Ol¢lide
etkileyebildikleri saptanmigtir. Nitekim daha 6nce
kiiresel diizeyde yabanci otlarin biyolojik kontroliine
yonelik c¢alismalarda kasith salma yontemi ile 90
farklh tilkede 48 familyaya ait 175 yabanci ot turtine
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kars1 468 biyolojik ajan ile 1555 salinim
gerceklestirildigi belirtilmektedir. Ayrica hedeflenen
yabanci ot tlrlerinin biyokontroliinde kullanilan tiim

ajanlarin  %80'inin  Coleoptera, Lepidoptera ve
Diptera takimlarina ait boécek tlrleri oldugu
bildirilmektedir (Schwarzlander ve ark., 2018;

Cizelge 1. Yabanci otlar tizerinde tespit edilen diger bocek tiirleri

Table 1. Other insect species detected on weeds

Bocek Tur/Tirleri

Konukcu Yabanci Otlar

Rhynchophorus sp. (Curculionidae)

Bolboschoenus maritimus (L.) Palla subsp. maritimus
(Cyperaceae)

Ceutorhynchus sp. (Curculionidae)

Malvaevora timida (P. Rossi, 1792) (Curculionidae)

Trachys phlyctaenoides Kolenati 1846 (Buprestidae)

Phlomis armeniaca Willd. (Lamiaceae)

Chrysolina herbacea Duftschmid, 1825 (Chrysomelidae)

Cassida pannonica Suffrian, 1844 (Chrysomelidae)

Omophius caucasicus Kirsh, 1869 (Tenebrionidae-
Alleculinae)

Chlorophanus pollinosus (Fabricius, 1792) (Curculionidae)

Dorycera sp. (Ottitidae)

Phytoecia astarte Ganglbauer, 1886 (Cerambycidae)

Centaurea behen L. (Asteraceae)

Agriotes obscurus (Linnaeus, 1758) (Elateridae)

C. behen /I helenium

Bangasternus orientalis Capiomont, 1873 (Curculionidae)

C. behen | C. pterocaulal C. iberica

Gymnetron tetrum Fabricius, 1792 (Curculionidae)

C. behen / C. haussknechtii |A. striata|V. lasianthum

Cteniopus sulphureus Linnaeus, 1758 (Tenebrionidae-
Alleculinae)

Hispa atra Linnaeus, 1767 (Chrysomelidae)

Mylabris laevicollis Marseul, 1870 (Meloidae)

Aplocnemus nigricornis (Fabricius, 1792) (Dasytidae)

Centaurea iberica Trev. ex Spreng. (Asteraceae)

Cantharis livida Linnaeus, 1758 (Cantharidae)

C. 1berica | R. crispus

Carpocoris fuscispinus (Boheman, 1850) (Pentatomidae)

Graphosoma melanoxanthum Horvath, 1903
(Pentatomidae)

Dolycoris baccarum (Linnaeus, 1758) (Pentatomidae)

FEurygaster integriceps Puton, 1881 (Scutelleridae)

Aulacobaris fallax (H. Brisout de Barneville, 1870)
(Curculionidae)

Julodis andreae (Olivier, 1790) (Buprestidae)

Centaurea pterocaula Trautv. (Asteraceae)

Oxytrea cinctella (Schaum, 1841) (Scarabaeidae)

C. pterocaula | V. Lasianthum | Gundelia tournefortii L.

Lixus scolopax Boheman, 1835 (Curculionidae)

C. haussknechtii /1. helenium

Larinus sp. (Curculionidae)

Cirsium haussknechtii Boiss. (Asteraceae)

Pygopleurus rapuzzii Keith & Uliana, 2008 (Glaphridae)

Dactylorhiza umbrosa (Karelin & Kirilow) Nevski var.
Umbrosa (Orchidaceae)

Lydus unicolor Reitter, 1887 (Meloidae)

Cephalaria setosa Boiss. & Hohen. (Caprifoliaceae)

Baris artemisiae (G.W.F.Panzer, 1794) (Curculionidae)

Alcea striata (DC.) Alef.subsp. striata (Malvaceae)

Lachnaeus crinitus Boheman, 1836 (Curculionidae)

Podonta soror Seidlitz, 1896 (Tenebrionidae-Alleculinae)

Agriotes obscurus (Linnaeus, 1758) (Elateridae)

Inula helenium L. subsp. vanensis Grierson (Asteraceae)

Aplocnemus nigricornis (Fabricius, 1792) (Dasytidae)

Centaurea gigantea Sch.Bip. ex Boiss. (Asteraceae)

Labidostomis brevipennis Faldermann, 1837
(Chrysomelidae)

Cantharis livida Linnaeus, 1758 (Cantharidae)

Capnodis tenebricosa (Olivier, 1790) (Buprestidae)

Cercopis intermedia Kirschbaum, 1868 (Homoptera)

Apion frumentarium (Linnaeus, 1758) (Brentidae)

Rumex crispus L. (Polygonaceae)

Sehirus luctuosus Mulsant & Rey, 1866 (Cydnidae)

Psacasta exanthematica (Scopoli, 1763) (Scutelleridae)

Odontoscelis fuliginosa (Linnaeus, 1761) (Heteroptera-

Anchusa azurea Mill. var. azurea (Boraginaceae)
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Scutellaridae)

Phytoecia bithynensis Ganglbauer, 1884 (Cerambycidae)

Larinus sp. (Curculionidae)

Echinops spinosissimus Turra subsp. bithynicus (Boiss.)
Greuter (Asteraceae)

Cionus sp. (Curculionidae)

Gymnetron amictum (Germar, 1821) (Curculionidae)

Larinus sp. (Curculionidae)

Agapanthia kirbyi (Gyllenhal, 1817) (Cerambycidae)

Verbascum lasianthum Boiss. ex Benth.
(Scrophulariaceae)

Glocianus punctiger (C.R. Sahlberg, 1835) (Curculionidae)

Scorzonera veratrifolia Fenzl. (Asteraceae)

Lixus sp. (Curculionidae)

Lactuca serriola L. (Asteraceae)

Bruchidius glycyrrhizae (Fahraeus, 1839) (Bruchidae)

Glycyrrhiza glabra L. var. glabra (Fabaceae)

Winston ve ark., 2023). Farkl calismalarda 6zellikle
Larinus cinsine ait larvalarin konukc¢u yabanci
otlarin tohum tablasinda beslendikleri ve bu nedenle
konukc¢usunun tureme kapasitesini o6nemli oOlgtde
azaltarak baskiladigim1 bildirmislerdir (Zwélfer ve
ark., 1971; Briese, 1989; Woodburn & Briese, 1996).
Benzer sekilde C. solstitialis biyolojik miicadelesinde
biyokontrol ajani olarak L. curtus tirinian
kullanildigi, erginleri yumurtalarinin generatif
organlara birakarak c¢kan larvalarin tohumlarla
beslenmesinin bitkinin popiilasyon yogunlugunu
dusirdiugini, dolayisiyla Amerika’da biyolojik ajan
olarak tavsiye edildigi belirtilmistir (Sobhian &
Fornadari, 1994). Herrick & Kok (2010)’da biyolojik
ajan olarak kullanilan Rhinocyllus conicus boéceginin
farkli Carduus tiirlerinin (C. acanthoides ve C.
nutans) konukculuk test calismasinda bécegin C.
nutans turuni tercih ettigi ve Kuzey Amerika’nin
bazi mera alanlarinda bitki popiilasyonun %99
oraninda bastirildig: bildirilmigtir.

Turkiye’de de yabanci otlarla biyolojik miicadelede
dogal diusmanlarin kullanilmasi ile ilgili etkinlik ve
saha calismalar1 simirli diizeyde kalsa da yabanci
otlar uzerinde beslendigi ve popiilasyon
yogunluklarimin dusuruldigi ile ilgili ¢ok sayida
tespit calismalar1 yiuritilmistir (Kasap, 1988a;
Kasap, 1988b; Uygun ve ark., 1994; Aslan ve ark.,
1999; Cristofaro ve ark., 2002; Aslan ve ark., 2003;
Uygur, 2004; Uygur ve ark., 2004; Uygur ve ark.,
2005; Uygur ve ark., 2007; Uygur ve ark., 2012). Bu
calismalarda da  o6zellikle  Curculionidae ve
Chrysomelidae familyalarina dahil tirlerin yabanci
otlarin kontroli yoniyle o6nemli diizeyde etkili
olabildikleri saptanmigtir. Nitekim Onopordum
cinsine baglh yabanci otlarin biyolojik miicadelesinde
L. latus turinin kullanilmas1 ile konukcularin
baskilanarak kayda deger sonuglar alinabilecegi
bildirilmistir (Lodos ve ark., 1978; Karaat ve ark.,
1986; Zengin, 1997). Cam & Atay (2004) da Tokat
ilinde bazi yabanci otlar tizerinde beslenen yaprak
béceklerine yonelik calismada Coleoptera:
Chrysomelidae familyasina ait 9 bécek tiirtiniin farkl
yabanci otlar tzerinde beslenerek 6nemli zararlar
olusturabildikleri belirtilmektedir. Uygur (2004)
tarafindan C. solstitialisin biyolojik miicadelesine

yonelik yapilan ¢alismada ise konukgu bitki tizerinde
farkli familyalara ait turlerin oldugu 15 bdécek
tirinin beslendigi belirlenmigtir. Igdir ilinde tarim
ve tarim digs1 alanlarda yabanci otlarin biyolojik
miicadelesinde potansiyel 6neme sahip Curculionidae
turlerinin tespitine yonelik bir c¢alismada da;
Onopordum acanthium, Carthamus persicus, Cirsium
congestum, Echinops pungens, Rhinocyllus conicus ve
Peganum harmala gibi yabanci otlarin kok, govde,
yaprak ve generatif organlarinda beslenen 4 cinse ait
11 bécek turi (Larinus latus, L. onopordi, L.
Inaequalicollis, L. turbinatus, L. 1aceae, L. curtus, L.
minutus, L. syriacus, Lixus cardui, Rhinocyllus
conicus ve Thamnurgus pegani) bulundugu
bildirilmistir (Giiven, 2020). Adana ilinde yapilan bir
calismada ise baz1 Amaranthus tiirleri (A. palmeri, A.
retroflexus ve A. spinosus) iizerinde tespit edilen
Hypolixus pica (F.) (Coleoptera: Curculionidae)
turinin A. palmeri ve A. retroflexusun biyolojik
kontroliinde potansiyel dogal disman olabilecegi
belirtilmistir (Pehlivan ve ark., 2022). Ayrica calisma
alaninda Sirr1 ve ark. (2022) tarafindan yiiriitiilen bir
calismada da; Centaurea tirleri (C. behen, C.
pterocaula, C. iberica) lizerinde beslenen ve biyolojik
dénemler  geciren  Curculionidea  (Coleoptera)
familyasina ait Lixus pulverulentus Scopoli, Larinus
grisescens Gyllenhal ve Bangasternus orientalis
turlerinin dogal biyolojik ajan olarak bélgede etkili
olduklar1 belirtilenmistir. Ayni bolgede Convolvulus
arvensisin biyolojik miucadelesinde etkili olabilecek

Chrysomelidae (Coleoptera) familyasina ait
Hypocassida subferruginea Schrank, 1776 tiru ve
Bruchidae (Coleoptera) familyasina ait

Spermophagus sericeus Geoffroy, 1785 tiru tarla
sarmasgiginin potansiyel dogal ajanlar1 olarak tespit
edilmistir (Sirr1 & Ozaslan, 2022). Uludag ve ark.
(2022) Tiirkiye’de istila potansiyeli olan 56 siis
bitkisinin potansiyel biyolojik kontrol ajanlarin
kiiresel diizeydeki kullanimlar1 ilgili ¢aligmasinda
dogal diissman olarak 128 bocek tirinin oldugunu, bu
turlerden 58inin ulkemizde yayilim gésterdigi
belirtilmistir. Diger bir ¢calismada ise istilac1 bitkiler
lizerinde saptanan zararhilar olarak Hemiptera (23
tir), Thysanoptera (17 tir), Acarina (15 tiir),
Coleoptera (12 tiir), Lepidoptera (12 tiir), Diptera (10
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tiir), Hymenoptera (3 tiir) ve Orthoptera (1 tiir)
familyalara ait tirler oldugunu belirtilmistir
(Oztemiz & Doganlar, 2015).

Bu caligsmalar elde edilen sonuglari desteklemekte ve
ozellikle Coleoptera takimina baglh Curculionidae ve
Chrysomelidae familyalar1 dahil tirlerin yabanci
otlarin popilasyon yogunluguklarinin tizerinde etkili
olabildiklerini géstermektedir.

SONUC ve ONERILER

Ulkemizin sahip oldugu cografik konum ve elverigli
iklim sayesinde biyololik c¢esitlilik agisindan ¢ok
zengin bir flora ve faunaya sahiptir. Bu cesitlilik
icerisinde bitkisel Uretim alanlarinda 6nemli bir bitki
koruma sorunu olan yabanci otlar1 da kapsamaktadar.
Ancak yabanci otlarin kontrollinde son yillarda
yasanan diren¢ problemleri, arastirmacilarin dogal ve
stirdirilebilirligi  olan  biyolojik miicadele gibi
alternatif yontemlere olan ilgisini artirmigtir. Bu
amacla zengin bir biyogesitliligi bulunan Hakkari
Yiksekova Havzasinda yabanci otlarin dogal
kontroliine temel olusturabilecek siirvey calismasiyla
yabanci otlar lzerinde beslenen veya onlara zarar
veren farkli bocek gruplar: tespit edilmistir. Bolgede
yabanci ot popillasyonlar: tizerinde etkili olabilecek
bocek tiirleri genel olarak Curculionidae ve
Chrysomelidae familyalarina ait bécek tiirleri oldugu
saptanmigtir. Hem siirvey c¢alismalari hem de
literatiir arastirmalari yabanci otlarin poptlasyon
yogunluklarimi dengeleyen Lixus elegantulus, L.
bardanae, L. scolopax, Lixus sp., Larinus onopordi, L.
minutus, Larinus sp., Rhabdorrhynchus anchusae,
Cassida pannonica ve Bruchidius glycyrrhizae vb. gibi

yararli Dbocek turlerinin bélgede desteklenerek
etkinliklerinin artirilmasi yabanci ot
poptlasyonlarinin dogal yollarla dengede
tutulmasinda onemli katk: sunabilecegini

gostermektedir. Ancak bu umut verici bir durum
olsada bu tirlerin biyolojik kontrol ajami olarak
kullanilmasi i¢in konukgu testlerinin ve kiltir
bitkileri tizerindeki etkinliklerinin ortaya ¢ikarilmasi

icin daha kapsamli  ¢alismalarin  yapilmas:
gerekmektedir. Yapilan ¢alisma sonuncunda elde
edilen veriler bu yonlyle degerlendirildiginde,

bolgede yabanci ot-dogal diisman iligkisinin tiim
yonleriyle arastirilmasi igin daha genis bir zaman
araliginda ve detayli slrvey calismalarina ihtiyag
oldugu kanaatini uyandirmigtir.

TESEKKUR

Bu calisma Dicle Universitesi Bilimsel Arastirma
Projeleri Koordinatorliigi (DUBAP) tarafindan
desteklenen DUBAP.21.002 nolu proje
kapsaminda“Yiuksekova Havzasinda Arazi Kullanimi
ve Ekolojik Parametrelere Bagli Olarak Yabanci Ot
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Poptlasyonlarinin  Degisimi” adli  doktora tez
caligmasindan tretilmistir.
Calismada tespit edilen yabanci ot tirlerinin

teshislerindeki katkilari icin Siirt Universitesi Fen
Edebiyet Fakiiltesi, Biyoloji Bélumiinden Dog. Dr.
Mehmet FIDAN’a, Curculionidae tirlerinin
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Fen Fakiiltesi, Biyoloji Bolimiinden Prof. Dr. Osman
SERT’e, Chrysomelidae tirlerinin teshislerindeki
katkilar1 i¢in Gazi Universitesi Fen Fakiiltesi,
Biyoloji Béliimiinden Dr. Ogr. Uye. Neslihan BAL’a
ve diger familyalara ait bocek tiirlerin teshislerindeki
katkilar: i¢in Siirt Universitesi Ziraat Fakiiltesi Bitki
Koruma Béliminden Do¢. Dr. Cevdet KAPLAN ve
Dog. Dr. Mustafa Cemal CIFTCI’ ye tesekkiir ederiz.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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ABSTRACT

This study was carried out to determine the faunistic, ecological,
zoogeographical and hosts situation of the subfamily Metopiinae
(Hymenoptera: Ichneumonidae) in Tiirkiye. The samples constituting
the study were collected between 1995-2022. As a result of the study, 66
species from 10 genera were identified. Literature information, before
1995, also contributed to the study. Among these species FExochus
protuberans Kolarov & Coruh, 2009 are endemic for Tirkiye at now.
For each species, details of composition and the first record of the
species from Turkiye are summarised.
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Tiirkiye Metopiinae (Hymenoptera: Ichneumonidae) Faunasinin Taksonomik ve Biyocografik Analizi

OZET

Bu calisma, Tirkiye'deki Metopiinae (Hymenoptera: Ichneumonidae)
altfamilyasinin faunistik, ekolojik, zoocografik ve konuk¢u durumunu
belirlemek amaciyla yapilmistir. Calismay1 olusturan o6rnekler 1995-
2022 yillar1 arasinda toplanmigtir. Calisma sonucunda 10 cinse ait 66
tir tespit edilmigtir. 1995 oncesi literatiir bilgisi de ¢aligmaya dahil
edilmistir. Bu turlerden ve Exochus protuberans Kolarov & Coruh, 2009
Turkiye i¢in simdilik endemiktir. Her bir tiir i¢in kompozisyon detaylar:
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INTRODUCTION their fossil record is even more poorly understood

The Hymenoptera have different ecological roles, such
as pollinators, seed dispersers, and regulators of other
arthropod populations, acting as predators and
parasitoids (natural enemies) (Fernandes et al.,
2018). Among these, Darwin wasps (Ichneumonidae)
constitute one of the largest families, with about
25,285 valid species, distributed in 1,601 genera and
47 subfamilies (Yu et al.,, 2016; Klopfstein et al.,
2019b).

Despite their ecological importance, Darwin wasps

(Ichneumonidae) are among the most poorly studied
groups of insect. It is therefore not surprising that

than their extant diversity (Viertler et al., 2022).

Metopiinae, one of the 47 subfamilies are a worldwide
subfamily of the parasitic wasp family Ichneumonidae
(Townes, 1971). This subfamily are koinobiont
endoparasitoids of Lepidoptera.

Most metopiines are medium to large ichneumonids.
A bulging shield-like face is diagnostic for members of
this subfamily, but many members lack this
character. They have a bulging face and with no
groove between the face and clypeus. In most genera
the upper portion of the face forms a triangular
process that extends between the antennae (Zownes,
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1971). Many have stout, robust legs and generally
have short ovipositors. Larger species may mimic
aculeate wasps in coloration and by producing
buzzing noises when captured (Quicke, 2014).

There are 27 extant genera and 862 species in the
world (Yu et al., 2016). Up to 1995 (Kolarov, 1995)
only 22 species belonging to 6 genera have been
documented in Tiirkiye (Kohl, 1905; Fahringer, 1922;
Clement, 1930; Meyer, 1936; Sedivy, 1959; Townes et
al., 1965; Kasparyan, 1981; Aeschlimann, 1983, 1989;
Tolkanitz, 1985, 1987; Kolarov, 1989; Onciier, 1991;
Kolarov & Beyarslan, 1993). After 1995, with the
contributions which some studies (Kolarov & Ozbek,
1998; Coruh et al., 2002; Gencer, 2003; Sarikaya &
Avel, 2005; Kolarov et al., 2009; Ozdemir & Giiler,
2009; Eroglu, 2010; Kolarov & Calmasur, 2011; Coruh
& Ozbek, 2011; Giirbiiz et al., 2011; Coruh &Kolarov,
2012; Ozdan, 2014; Coruh et al., 2014 a,b; Kolarov et
al., 2014 a,b; Coruh & Calmasur, 2016; Kolarov et al.,
2016; Narmanlioglu & Coruh, 2017; Kolarov et al.,
2017; Ozdan & Giirbiiz, 2019; Kira¢ & Giirbiiz, 2020;
Kolarov & Goruh, 2022 and Ineciklioglu, 2022) the
numbers of Metopiinae fauna of Turkey reached to 66
species and 11 genera.

The aim of this study is to analyze to studies related
to this subfamily by taxonomical and biogeographical

in Turkiye.

MATERIALS and METHODS

Adult metopiines samples were collect in the different
habitats from Tirkiye (Figure 1, 2) since 1995 using
sweping nets, malaise and light traps by authors,
other ichneumonis researchers (Dr. Hikmet Ozbek,
(retired), Dr. Ahmet Beyarslan (retired), Dr. Murat
Yurtcan (Trakya University), Dr. Faruk Giirbiiz
(Stileyman Demirel University), and other collector
Dr. Erol Yildirim, Dr. Onder Calmasur, Dr. Goksel
Tozlu (Atatiirk University), Dr. Irfan Aslan (Yildirim
Beyazit  University),Coskun  Giicli  (Eskisehir
Osmangazi University) and published in different
publications. Furthermore, all samples that have
been collect before 1995 also evaluated. The
specimens were then pinned and properly labelled for
identification.

The genera and species are listed in the alphabetic
order according the recent Interactive Catalogue of
World Ichneumonidae (Yu et al., 2016). The
distributional records were also used from this
catalogue. The individual information, collected
months and altitudes, including the regional, locality
and literature data are given with tables and graphs
(Tables 1, 2 and Figures 3,4,5,6).

y

EASTERN ANATOLIA .

Figure 1. Research area.
Sekil 1. Arastirma alani.

RESULTS

Metopiine samples that were collect in whole of
Anatolia since 1995 evaluated according to different
situations as faunistic evaluations, ecological
evaluatios, zoogeographical evaluations and
evaluations of host and plant visited by adults.

Faunistic evaluations

In total 66 species belonging to 10 genus are reported
for the studied regions in this study. When evaluation
is made according to the number of species and
individuals possessed by the existing genera we will
see that, one species and three samples belong to the
genus Bremiella, two species and 24 samples belong

623

to genus Colpotrochia, five species 8 samples belong
to Chorinaeus, one species 65 samples belong to
Drepanoctonus, 29 species 539 samples belong to
FExochus, four species 11 samples belong to Hypsicera,
11 speceis 18 samples belong to Metopius, one
speceies three samples belong to Spudaeus, 10 species
24 samples belong to 7riclistus and two species 52
samples belong to Trieces were recorded. As a results,
when all genuses are compared, the number of
samples of the Exochus more dense than other genus
(Figure 3a). Among the species determined, Exochus
castaniventris (with 305 individuals), Exochus
mitratus (80), Trieces tricarinatus (51) and Exochus
suborbitalis (37) were the most abundant in research
areas (Table 1). All species collected from by insect
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net and light traps, but only Drepanoctonus
tricoloratus was collected by malasia trap in our
study area.

In contrast, C. Aflavipes, C. scrobipalpae, C.
subcarinatus, Exochus bolivari, E. ferus, E, frontellus,
E. flavomarginatus, E. gravipes, E. morionellus, FE.
semilividus, E. separandus, E, tardigradus, Hypsicera
curvator, H. subtilotor, M. (Cultrarius) turcestanicus,

M. (Metopius) fulvicornis, M. (M.) septemcinctus, M.
(Peltocarus)  croceicornis, Metopius (P) dirus,
Triclistus areolatus, T. congener, T. lativentris, T.
niger, T. pyrellae and Trieces bellulus (with 1
individual) were rarely found in Anatolia (Table 1).
The rate of speceis, collected as a single individual is
37.8%.

Figure 2. Research localities and research team.
Sekil 2. Calisma alanindan lokaliteler ve ¢alisma ekibi.

Number of Samples

M Bremiella

M Colpotrochia

M Chorinaeus

W Drepanoctonus

B Exochus

W Hypsicera
Metopius
Spudaeus
Triclistus
Trieces

Number of Species

M Bremiella
M Colpotrochia

M Chorinaeus
W Drepanoctonus
M Exochus

W Hypsicera
Metopius
Spudaeus
Triclistus
Trieces

a

b

Figure 3. Distribution of species: a) according to samples, b) according to speceis.
Sekil 3. Tiirlerin dagilisi’ a) 6rnek sayisina gére, b) tiir sayisina gore.
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Table 1. Metopiinae list of Tirkiye

Cizelge 1. Tiirkiye’nin Metopiinae listesi

Data of collected species: Individual numbers (IN), vertical distribution (VD), seasonal dynamics (SD), geographical regions
(GR), zoogeographical regions (ZR), first record of Turkey (FRT) of specimens

Names of Taxa IN VD SD GR ZR FRT
SUBFAMILY METOPIINAE Forster, 1869
Genus Bremiella Dalla Torre, 1901
Bremiella pulchella Kolarov &
(Kriechbaumer, 1890) 3 A G Ap, J EAR, MtR E, WP Ozbek,1998
Genus Colpotrochia Holmgren, 1856
Colpotrochia cincta (Scopoli,
1763) 15 A C,F,D M, J, JL, S, N MtR, EAR, BSR EP, E, WP Kolarov et al., 2009
Colpotrochia triclistor (Aubert,
1979) 9 E,F,G H J,dJ1 CAR, EAR, SAR E, WP Aubert, 1979
Genus Chorinaeus Holmgren,1858
Chorinaeus cristator
(Gravenhorst, 1829) 2 A,D M MR, MtR EP, E, WP Kolarov et al., 2009
Chorinaeus flavipes
Bridgman, 1881 1 E Ap MtR EP, E, WP Kolarov et al., 2009
Chorinaeus funebris
(Gravenhorst, 1829) 3 C,F J1, 0 CAR, EAR EP, E, NEAR, WP Kolarov et al., 2009
Chorinaeus scrobipalpae .
Aeschlimann,1983 1 C J MtR EP, E, WP Ozdan, 2014
Chorinaeus subcarinatus
Holmgren, 1858 1 F M MtR EP, E, NEAR, WP Kolarov et al., 2009
Genus Drepanoctonus Pfankuch, 1911
Drepanoctonus tricoloratus
(Sedivy, 1971) 65 E F J, J1, Aug, S EAR EP, E, WP Kolarov et al., 2009
Genus Exochus Gravenhorst, 1829
Exochus albicinctus Kolarov & Beyarslan,
Holmgren, 1873 5 G, H,C JL, J EAR, MtR EP, E, WP 1993
Exochus alpinus Zetterstedh, Kolarov & Coruh,
1838 3 A J, Aug BSR EP, E, WP 2022
Exochus  bolivari  (Seyrig, Coruh & Kolarov,
1927) 1 E J1 BSR EP,E 2012
Exochus britannicus Morley,
1911 5 D,EF J1, Aug EAR, CAR, MtR, MR EP, E, WP Kolarov et al., 2009
FExochus castaniventris A, B, C, D, M, J1, Aug, S, MR, MtR, EAR, SAR,
Brauns, 1896 305 F, E, G N AR EP, E, WP Kolarov, 1989
Exochus carri
Schmiedeknecht, 1924 5 A Ap CAR EP, E Kolarov et al., 2009
Exochus consimilis Holmgren,
1858 7 A F, G H J,Jl AR, BSR, EAR EP, E, NEAR, WP Kolarov et al., 2009
Exochus erythronotus
(Gravenhorst, 1829) 5 A,D,E,C Ap,M, S AR, CAR, EAR, MtR E, WP Sedivy, 1959
Exochus foveolatus Kolarov & Ozbek,
Schmiedeknecht, 1924 4 A,D,F Ap, dJ CAR, MtR, EAR,BSR EP, E, WP 1998
Coruh & Kolarov,

FExochus ferus Tolkanitz, 1993 1 E Jl BSR EP, E, WP 2012
Exochus flavifacies Kolarov et al.,
Kusigemati, 1984 5 A J BSR,EAR EP 2017
Exochus fiontellus Holmgren,1858 1 A ? MtR EP, E, WP Yurtcan, 2013
Exochus flavomarginatus
Holmgren, 1856 1 A J MR EP, E, WP Kolarov et al., 2009
Exochus flavifrons Boheman, Coruh & Kolarov,
1863 5 B,H,C J,J1, S BSR, EAR, MtR E, WP 2012
Exochus gravipes
(Gravenhorst, 1820) 1 E J MtR E, WP Kolarov et al., 2009
Exochus gravis (Gravenhorst,
1829) 3 F J MtR E, WP Kolarov et al., 2009
Exochus lictor Holiday, 1838 5 D, E May, J1, J BSR, EAR, MtR, AR EP, E, NEAR, WP Kolarov et al., 2009
FExochus lineifrons Thomson,
1887 6 D J MtR EP, E, WP Kolarov et al., 2009
Exochus marklini Holmgren,
1858 8 AF A Jl BSR, EAR, MtR,AR E, WP Kolarov, 1995
Exochus mitratus A/ B,D,E, Ap, M, J, J1, AR, BSR, CAR, EAR, Kolarov & Ozbek,
Gravenhorst, 1829 80 F,H Aug MR, MtR, EP, E, NEAR, WP 1993
FExochus morionellus 1 D M MtR EP, E, WP Kolarov et al., 2009
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Holmgren, 1858
Exochus
Gravenhorst, 1829
Exochus protuberans Kolarov
& Coruh, 2009

Exochus semilividus
Vollenhoven, 1875

Exochus separandus
Schmiedeknecht, 1924
Exochus suborbitalis
Schmiedeknecht, 1924
Exochus tardigradus
Gravenhorst, 1829

Exochus thomsoni
Schmiedeknecht, 1924

prosopius

Exochus vafer Holmgren, 1873

Genus Hypsicera Latreille, 1829

Hypsicera britannica
Tolkanitz, 2011)

Hypsicera curvator (Fabricius,
1793)

Hypsicera femoralis (Geoffroy,
1785)

Hypsicera subtilitor Aubert,
1969

Genus Metopius Panzer, 1806

Metopius (Ceratopius) citratus
(Geoftroy, 1785)

Metopius (Ceratopius)
erythropus Kriecbaumer, 1894
Metopius (Cultrarius)
turcestanicus Clement, 1930

Metopius (Metopius)
fulvicornis Mocsary, 1883
Metopius (Metopius)
septemcinctus Clément, 1930
Metopius (Peltastes)
pinatorius Brullé, 1846
Metopius (Peltocarus)

croceicornis Thomson, 1887

Metopius (Peltocarus)
dentatus (Fabricius, 1779)

Metopius (Peltocarus) dirus
Mocsary, 1883

Metopius (Peltastes)
brevispina Thomson, 1887

Metopius (Peltastes) leiopygus
Forster, 1850

Genus Spudaeus Thomson, 1883

Spudaeus scaber

(Gravenhorst, 1829)

Genus Triclistus Férster, 1869

Triclistus areolatus Thomson,
1887

Triclistus congener
(Holmgren, 1858)

Triclistus globulipes
(Desvignes, 1856)

Triclistus lativentris
Thomson, 1887

Triclistus longicalcor
Thomson, 1887

Triclistus niger (Bridgman,
1883)

Triclistus pallipes Holmgren,
1873

Triclistus podagricus
(Gravenhorst, 1829)
Triclistus pyrellae Tolkanitz,
1983

37

12

AD,F,H

A D,G,C
A B,D,C,
EF,H

A D,E H

dJ,d1

d,d1

M, dJ, J1, Aug

J,d1

J, J1, Aug

M, Aug

J1

d,J1

J, Aug

dJ1
J1

J,J1

J,J1

Ap

J, Aug

AR, BSR
EAR
MtR
MtR
BSR, EAR, MtR,MR
MR
BSR, EAR, MtR,MR

AR, EAR, MtR

MtR

BSR, EAR, MtR, MR

MR

MtR, MR
AR, CAR
MtR
EAR
EAR
EAR
MR
MR, EAR
MR

Anatolia, CAR

EAR

EAR
EAR
BSR, MtR
BSR
EAR,MR
MtR
MR
EAR, MtR

MtR

EP, E, WP
WP
EP, E, WP
E, WP
EP, E, WP
EP, E, WP
EP, E, WP

EP, E, WP

E, WP

EP, E, NEAR, WP
AFR, AUR, EP, E,

NEAR, NTR, OCE, ORR,

WP

E, WP

EP, E, ORR, WP
E, WP
EP, E, WP
WP
WP
EP, E, WP
EP, E, WP
EP, E, WP
EP, E, WP
E, WP

EP, E, WP

EP, E, NEAR, WP

EP, E, WP
E, NEAR, WP
EP, E, ORR, WP
E, WP
E, WP

E, WP

EP, E, NEAR, ORR, WP

EP, E, NEAR, WP

E, WP

Kolarov et al., 2009

Kolarov et al., 2009

Kolarov et al., 2009

Kolarov et al., 2009

Kolarov & Beyarslan,
1993

Yurtcan, 2013
Coruh & Kolarov,

2012

Kolarov et al., 2009

Aeschlimann, 1989
Kolarov et al., 2009

Kolarov & Beyarslan,
1993

Kolarov et al., 2009

Fahringer, 1922
Clement, 1930
Kolarov et al., 2009
Tolkanitz, 1985
Kolarov & Calmasur,
2011
Kolarov, 1995
Clement, 1930
Clement, 1930
Clement, 1930

Kohl, 1905

Clement, 1930;

Coruh et al., 2002

Kolarov et al., 2009
Kolarov et al., 2017
Sarikaya & Avei, 2004
Aeschlimann, 1985
Coruh & Kolarov,
2012
Kolarov et al., 2009
Kolarov et al., 2009
Kolarov & Beyarslan,

1993

Kolarov et al., 2009
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Triclistus spiracularis
Thomson, 1887 2

Genus Trieces Townes, 1946
Trieces bellulus Kusigemati

1984 1
Trieces tricarinatus
(Holmgren, 1858) 51

D J1 MtR EP, E, WP Kolarov et al., 2009
c J MtR EP, WP Ozdan, 2014
E,G H,D M, dJ, J1, Aug CAR, MtR, EAR E, WP Aeschlimann, 1983

Vertical distribution (VD) (metre): A: 0-500 m, B: 501-750 m, C: 751-1000 m, D: 1001-1250 m, E: 1251- 1500 m, F: 1501-1750 m, G: 1751-2000
m, H: 2001-2500 m. Seasonal dynamics (SD): Ap: April, M: May, J: June, J1: July, Aug: August, S: September, O: October, N: November.
Geographical regions (GR): AR: Aegean Region, BSR: Black Sea Region, CAR: Central Anatolia Region, EAR: Eastern Anatolia Region, MR:
Marmara Region, MtR: Mediterranean Region, SAR: Southeastern Anatolia. Zoogeographical regions (ZR): AFR: Afrotopical Region, AUR:
Australian Region, E: Europe, EP: Eastern Palaearctic, NEAR: Nearctic Region, NTR: Neotropical, OCE: Oceanic, ORR: Oriental, WP: West

Palaerctic.

Table 2. Provinces and references of collected species in Turkey
1zelge 2. Tilirkiye'deki tiirlerindagili

osterdigi iller ve ilgili referanslar

Names of Taxa

Distributions in Turkey

Reference (s)

SUBFAMILY METOPIINAE Forster, 1869

Genus Bremiella Dalla Torre, 1901

Bremiella pulchella (Kriechbaumer, 1890)

Erzurum, Hatay

Kolarov & Ozbek, 1998; Giirbiiz et al., 2011; Coruh et
al., 2014b

Genus Colpotrochia Holmgren, 1856

Colpotrochia cincta (Scopoli, 1763)

Artvin, Erzurum, Isparta, Ordu, Rize,
Tunceli

Kolarov et al., 2009; Coruh & Ozbek, 2011; Kolarov &
Calmasur, 2011; Coruh & Kolarov, 2012; Coruh et al.,
2014a, b; Kolarov et al., 2014a; Kolarov & Coruh,
2022

Colpotrochia triclistor (Aubert, 1979)

Erzurum, Erzincan, Nevsehir, Kars,
Sanliurfa

Aubert, 1979; Coruh et al., 2002; Kolarov et al., 2009;
Coruh & Ozbek, 2011; Kolarov & Calmasur, 2011;
Coruh & Kolarov, 2012; Coruh et al., 2014b

Genus Chorinaeus Holmgren, 1858

Chorinaeus cristator (Gravenhorst, 1829)

Edirne, Isparta

Kolarov et al., 2009; Yurtcan, 2013

Chorinaeus flavipes Bridgman, 1881
Chorinaeus funebris (Gravenhorst, 1829)

Isparta
Erzurum, Eskigehir

Kolarov et al., 2009
Kolarov et al., 2009; Eroglu, 2011; Coruh et al., 2014b

Chorinaeus scrobipalpae Aeschlimann,1983 Isparta Ozdan, 2014; Ozdan & Giirbiiz, 2019
Chorinaeus subcarinatus Holmgren, 1858 Isparta Kolarov et al., 2009

Genus Drepanoctonus Pfankuch,1911

Drepanoctonus tricoloratus (Sedivy, 1971) Kars Kolarov et al., 2009; Coruh & Kolarov, 2012; Coruh et

al., 2014b; Coruh & Calmasur, 2016

Genus Exochus Gravenhorst, 1829

Exochus albicinctus Holmgren, 1873

Erzurum, Isparta

Kolarov & Beyarslanz' 1993; Kolarov, 1995; Kolarov et
al., 2009; Coruh & Ozbek, 2011; Coruh & Kolarov,
2012; Coruh et al., 2014b

Exochus alpinus Zetterstedh, 1838 Rize Kolarov & Coruh, 2022

Exochus bolivari Seyrig, 1927 Artvin Coruh & Kolarov, 2012; Coruh et al., 2014b

Exochus britannicus Morley, 1911 Canakkale, Edirne, Hatay, Kars, Kolarov et al., 2009; Coruh & Kolarov, 2012; Yurtcan,
Konya 2013; Coruh et al., 2014b

Exochus castaniventris Brauns, 1896

Adana, Afyonkarahisar, Antalya,
Denizli, Edirne, Erzurum, Istanbul,
Hatay, Kahramanmarasg, Kars,
Konya, Manisa

Kolarov, 1989; Onciier, 1991; Kolarov & Beyarslan,
1993; Kolarov, 1995; Ozdemir & Giiler, 2009; Kolarov
et al., 2009; Coruh & Ozbek, 2011; Coruh & Kolarov,
2012; Kirag, 2012; Yurtcan, 2013; Coruh et al., 2014b;

Culcu, 2015; Kira¢ & Giirbiiz, 2020

Exochus carri Schmiedeknecht, 1924

Sinop

Kolarov et al., 2009

Exochus consimilis Holmgren, 1858

Erzurum, Kirklareli, Rize

Kolarov et al., 2009; Coruh & Kolarov, 2012; Coruh et
al., 2014b

Exochus erythronotus (Gravenhorst, 1829)

Aydin, Isparta, Kars, Konya

Sedivy,1959, Onciier, 1991; Kolarov, 1995,
Kolarov et al., 2009; Coruh & Kolarov, 2012; Coruh et
al., 2014b; Ozdan, 2014; Culcu, 2015; Ozdan &
Giirbiiz, 2019

Exochus foveolatus Schmiedeknecht, 1924

Erzurum, Isparta, Sinop

Kolarov & Ozbek, 1998; Kolarov et al., 2009; Coruh et
al., 2014b

Exochus ferus Tolkanitz, 1993 Rize Coruh & Kolarov, 2012; Coruh et al., 2014b
Exochus flavifacies Kusigemati, 1984 Erzurum, Ordu, Rize Coruh & Kolarov, 2012; Kolarov et al., 2017
Exochus flavomarginatus Holmgren, 1856 Balikesir Kolarov et al., 2009

FExochus flavifrons Boheman, 1863

Erzurum, Isparta, Rize

Coruh & Kolarov, 2012; Coruh et al., 2014a, b; Ozdan,
2014; Ozdan & Giirbiiz, 2019

Exochus fiontellus Holmgren, 1858

Edirne

Yurtcan, 2013
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Exochus gravipes (Gravenhorst, 1820)

Isparta

Kolarov et al., 2009

Exochus gravis (Gravenhorst, 1829)

Osmaniye

Kolarov et al., 2009

Exochus lictor Holiday, 1838

Canakkale, Ege kiyilari, Osmaniye,
Kars, Rize

Kolarov et al. 2009; Coruh & Kolarov, 2012; Coruh et
al., 2014b

FExochus lineifrons Thomson, 1887

Osmaniye

Kolarov et al., 2009

Exochus marklini Holmgren, 1858

Anatolia, Adana, Erzurum, Isparta,
Izmir, Osmaniye, Rize

Kolarov 1995, Onciier 1991; Kolarov et al., 2009;
Coruh et al., 2014b

FExochus mitratus Gravenhorst, 1829

Ankara, Antalya, Artvin, Bayburt,

Bingol, Burdur, Denizli, Erzincan,

Erzurum, Giresun, Isparta, Kars,
Kirklareli, Ordu, Rize

Sedivy, 1959; Onciier, 1991; Kolarov & Beyarslan,
1993; Kolarov, 1995; Kolarov & Ozbek, 1998; Kolarov
et al., 2009; Kirag, 2012; Coruh & Kolarov, 2012;
Coruh et al., 2014a, b; Culcu, 2015; Kolarov et al.,
2016; Kolarov et al., 2017; Kira¢ &.Gurbtiz, 2020

Exochus morionellus Holmgren, 1858

Antalya

Kolarov et al., 2009

Exochus prosopius Gravenhorst, 1829

Giresun, Izmir, Rize, Trabzon

Kolarov et al., 2009; Coruh et al., 2014a; Kolarov et
al., 2017; Kolarov & Coruh, 2022;

Exochus protuberans Kolarov & Coruh, 2009 Erzurum Kolarov et al., 2009; Coruh & Kolarov, 2012; Coruh et
al., 2014b

Exochus semilividus Vollenhoven, 1875 Hatay Kolarov et al., 2009

Exochus separandus Schmiedeknecht, 1924 Adana Kolarov et al., 2009

Exochus suborbitalis Schmiedeknecht, 1924

Agr1, Antalya, Ardahan, Artvin,
Bayburt, Bingdl, Canakkale, Edirne,
Erzincan, Exrzurum, Giresun, Isparta,

Kahramanmaras, Kars, Gaziantep,
Kirklareli, Ordu, Osmaniye

Kolarov & Beyarslan, 1993; Kolarov, 1995; Kolarov &
Ozbek, 1998; Kolarov, 1995;, Kolarov et al 2009;
Coruh & Kolarov, 2012; Yurtcan 2013; Kolarov, 2014;
Coruh et al., 2014a, b; Kolarov et al., 2016; Kolarov et
al., 2017

Exochus tardigradus Gravenhorst,1829

Edirne

Yurtcan, 2013

Exochus thomsoni Schmiedeknecht, 1924

Balikesir, Canakkale, Erzurum,
Isparta, Rize, Tunceli

Coruh & Kolarov 2012, Kolarpv, 2014; Kolfirov et al.
2014b, Coruh et al. 2014b, Ozdan 2014; Ozdan &
Giirbiiz, 2019

Exochus vafer Holmgren, 1873

Denizli, Erzincan, Erzurum, Isparta,

Kolarov et al., 2009; Kolarov et al. 2017; Coruh &

Izmir ”Kolarov, 2012; Kirag, 2012; Coruh et al., 2014b;
Ozdan, 2014; Culcu, 2015; Ozdan & Gurbiz, 2019;
Kira¢ & Gurbiiz, 2020
Genus Hypsicera Latreille, 1829
Hypsicera britannica Tolkanitz, 2011 Anatolia Aeschlimann, 1989; Kolarov, 1995
Hypsicera curvator (Fabricius, 1793) Osmaniye Kolarov et al., 2009

Hypsicera femoralis (Geoffroy, 1785)

Agn, Antalya, Anatolia, Canakkale,
Giresun, Erzurum, Isparta, Osmaniye,
Tunceli

Kolarov & Beyarslan, 1993; Kolarov, 1995;
Giirbiiz, 2004, 2005; Buncukg¢u, 2008; Gurbtz et al.,
2009

Hypsicera subtilitor Aubert, 1969

Canakkale

Kolarov et al., 2009; Coruh & Kolarov, 2012; Coruh et
al., 2014a, b; Kolarov et al., 2014b; Kolarov, 2014;
Culcu, 2015; Kolarov, 2014

Genus Metopius Panzer, 1806

Metopius (Ceratopius) citratus (Geoffroy, 1785)

Burdur, Istanbul

Fahringer, 1922; Kolarov, 1995; Kolarov et al., 2009

Metopius (Ceratopius) erythropus Kriecbaumer,
1894

{zmir, Konya

Clement, 1930; Tolkanitz, 1985; Kolarov, 1995

Metopius (Cultrarius) turcestanicus Clement, Isparta Kolarov et al., 2009
1930

Metopius (Metopius) fulvicornis Mocsary, 1883 Malatya Tolkanitz, 1985; Kolarov, 1995
Metopius (Metopius) septemcinctus Clément, Erzurum Kolarov & Calmasur, 2011

1930

Metopius (Peltastes) pinatorius Brullé, 1846

Anatolia, Erzurum

Tolkanitz, 1985; Kolarov, 1995; Coruh & Kolarov,
2011; Coruh & Ozbek, 2011; Coruh & Kolarov, 2012;
Coruh et al., 2014b

Metopius (Peltocarus) croceicornis Thomson,
1887

Bursa

Clement, 1930; Tolkanitz, 1985; Kolarov, 1995

Metopius (Peltocarus) dentatus (Fabricius, 1779)

Bayburt, Erzurum, Istanbul

Clement, 1930; Kolarov, 1995; Coruh & Kolarov,
2012; Coruh et al., 2014b

Metopius (Peltocarus) dirus Mocsary, 1883 Bursa Clement, 1930; Meyer, 1936; Kolarov, 1995
Metopius (Peltastes) brevispina Thomson, 1887 Nigde Kohl, 1905; Kolarov, 1995
Metopius (Peltastes) leiopygus Forster, 1850 Anatolia Clement, 1930; Townes et al., 1965; Kasparyan, 1981;

Tolkanitz, 1985; Kolarov, 1995

Genus Spudaeus Thomson, 1883

Spudaeus scaber (Gravenhorst, 1829)

Erzurum, Bayburt

Coruh et al., 2002; Coruh & Kolarov, 2012; Coruh et
al., 2014b

Genus Triclistus Forster, 1869

Triclistus areolatus Thomson, 1887

Erzurum

Kolarov et al., 2009; Coruh et al., 2014b

Triclistus congener (Holmgren, 1858)

Erzurum

Kolarov et al., 2017

Triclistus globulipes (Desvignes, 1856)

Isparta, Giresun

Sarikaya & Avei, 2005; Coruh et al., 2014a

Triclistus lativentris Thomson, 1887

Giimiighane

Aeschlimann, 1983; Kolarov, 1995

Triclistus longicalcor Thomson, 1887

Artvin, Edirne, Erzurum

Coruh & Kolarov, 2012; Yurtcan, 2013Coruh et al.,
2014b
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Triclistus niger (Bridgman, 1883)

Isparta

Kolarov et al., 2009

Triclistus pallipes Holmgren, 1873

Kirklareli

Kolarov et al., 2009

Triclistus podagricus (Gravenhorst, 1829)

Bayburt, Isparta, Erzurum

Kolarov & Beyarslan, 1993; Kolarov, 1995; Kolarov et
al., 2009; Coruh & Kolarov, 2012; Coruh et al., 2014b

Triclistus pyrellae Tolkanitz, 1983 Isparta Kolarov et al., 2009
Triclistus spiracularis Thomson, 1887 Isparta Kolarov et al., 2009

Genus Trieces Townes, 1946

Trieces bellulus Kusigemati 1984 Isparta Ozdan, 2014;, Ozdan & Giirbiiz, 2009

Trieces tricarinatus (Holmgren, 1858)

Erzurum, Gimushane, Mersin, Sivas

Aeschlimann, 1983; Kolarov & Beyarslan, 1993;
Kolarov, 1995; Gencer, 2003; Kolarov et al., 2009;
Coruh & Kolarov, 2012; Coruh et al., 2014b;
Narmanlioglu & Coruh, 2017
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Figure 4. Distribution of species: a) according to altitude, b) according to months.
Sekil 4. Tiirlerin dagilisi’ a) rakima gore, b) aylara gore.
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Figure 5. Difference between altitudes according to the chi-square test.
Sekil 5. Chi-square testine gore rakimlar arasindaki fark.
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Figure 6. Distribution of species: a) according to geographic regions, b) according to zoogeographical regions.
Sekil 6. Tiirlerin dagilis: a) cografik bolgelere gore, b) zoocogratik bolgelere gore.

Numbers of species belonging to genera are shown in
the graph (Figures 3b). It is noted that, Exochus
castaniventris is the most abundant species with the
number of samples in Anatolia. The species is quite
common in Anatolia.

Ecological evaluations:

Altitude and elevation is the same both are abiotic
factors. They are vital for all living creatures. This is
also true for insect. Metopiine specimens were
collected from different altitudes in collection areas in
this study.

Among them, 34 species collected from only one
altitude. While Exochus castaniventris and Exochus
vafer collected from seven different altitudes, Exochus
mitratus collected from six different altitude. It is a
fact the most species were from the range of 0-500 m,
and the least species collected from the range of 501-
750 m (Figure 4a). For example, While both the
number of specimens and corresponding number of
species reach a maximum between 400 and 600 m
altitude in Switzerland (Klopfstein et al., 2019a). This
situation was interpreted as the fact that the majority
of the places selected as the study area were in the
range of 0-500 m in this study.

The months is which insects collected are very
important in terms of distributions evaluations. The
samples mentioned in the study were also evaluated
in this respect. These species were generally collected
April, May, June, July, August, September, October
and November months of the years in general (Figure
4b). Our figures and table 1 support Aranda &
Gracioli (2015) results that peak abundance in
Hymenoptera in the Brazilian Savanna is from
August to October. However, June and July had more
dense populations (Table 1). As seen in table 1, 26
species were collected in a single month, Colpotrochia
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cincta, FExochus castaniventris, Exochus mitratus,
were collected in five different months in a year. It
was observed that Exochus castaniventris, Exochus
mitratus unlike other species, have a very high
adaptations different altitude and different climate
conditions.

The altitudes where the insects were collected were
subjected to the chi-square test (Table 3), and it was
determined that the altitudes were proportionally
different from each other (Figure 5).

Table 3. Chi-Square Tests results
Cizelge 3. Ki-kare test sonuglari

Value Sig.
Pearson Chi-Square 7.125 0.006*
N of Valid Cases 130

a No statistics are computed because grup is a constant.

Zoogeographical evaluations:

The research covers seven geographic regions of
Tiirkiye (Table 1 and Figure 1). When table 1 is
detailed it becomes 1s clear that, Mediterranean and
Eastern Anatolia were the regions where samples
were collected the most (36, 31); Aegean Region and
Southeastern Anatolia (8, 2) were regions samples
were least collected. Samples collected from the
regions were not systematically collected on a regular
basis. Since most of the studies were conducted in
regions where samples were collected intensively, the
number of samples increased, but in other regions
this number was limited. The names of provinces
where the samples were collected are summarized in
Table 2 and Figure 7-8.

When Table 1 and 2 are elaborating as collected
places, Exochus mitratus was collected from six
regions, FKExochus mitratus was collected from six
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regions, F. castaniventris was collected from five
regions. Besides, Chorinaeus  flavipes, C.
scrobipalpae, C. subcarinatus, Drepanoctonus
tricoloratus, Exochus alpinus, E. bolivari, E. carri, E.
ferus, E. frontellus, E. flavomarginatus, E. gravipes,

E.  gravis, E. Iineifrons, FE. morionellus, FE.
protuberans, FE. semilividus, FE. separandus, F.
tardigratus, Hypsicera curvator, H. subtilitor,

Metopius (Cultrarius) turcestanicus, M. (Metopius)
fulvicornis, M. (M.) septemcinctus, M. (Peltastes)
pinatorius, M. (Peltocarus) croceicornis, M. (P) dirus,
Spudaeus scaber, Triclistus areolatus, T. congener, T.
lativentris, T. niger, T. pallipes, T. pyrellae, T.
spiracularis and Trieces bellulus were collected from
a single region. The remaining species are distributed
in two to four different regions.

The study material was also analyzed according to
their distributions in the world. These metopines
fauna were divided into the following zoogeographical

groups: West Palearctic 34,4%, Europe 32,7%, East
Palearctic 22,5%, Nearctic 5,9% and Oriental 2.6%.
Afrotopical, Australian, Oceanic and Neotropical
Region have a five percent slice (Figure 6b).

According to these results, Western Palaearctic and
European have the highest numbers of species
(Figure 7). Among this species, Hypsicera femoralis
showed distribution in eight different regions. This
species is almost cosmopolitian species, similarly,
Triclistus pallipes showed distribution in five
different regions in zoogeographical regions. Also,
among them four speceis were distributed in only one
area in zoogeographical regions. Exochus protuberans
is endemic species for Turkey for now. At the same
time, FKxochus flavifacies was founded only in
Mongalia, Metopius (Metopius) fulvicornis was found
in Lebanon, Syria and Turkey, Scallama triclistor was
found Iran and Turkey, Triclistus pyrellae was found
Moldova, Poland, Turkey and Ukraine.

East Europe
44

Europe

61

43 \ 58
41

41

e

West Europe
63

Figure 7. Venn diagram (Distribution of species according to zoogeographical regions).
Cizelge 7. Venn diyagrami (Tiirlerin zoocografik dagilisina gore).

Figure 8. Distribution of species in Turkey.
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Figure 8. Tiirkiye'de tiirlerin dagilisi.

Evaluations of host and plant visited by adults:

Several plant species have been recorded as
associated host plants for ichneumonid species (Yu et
al., 2006). Totally two metopiines species were
obtained from different hosts in Turkey (Table 4).
According to these results, Triclistus globulipes was

obtained from Choristoneura murinana which feed
that Abies cilicica (Sarikaya & Avci, 2005). Besides
Trieces tricarinatus was obtained from Yponomeuta
malinellus which that feed that Malus comminis L.
(Narmanlioglu & Coruh, 2017).

Table 4. Parasitoid metopiines obtained from different hosts in Turkey
Cizelge 4. Tiirkiye'de farkli konaklardan elde edilen parazitoid metopiinler

Names of Taxa Obtained from Order/Family Host Plant References
Triclistus Choristoneura Lepidoptera: Abies cilicica Sarikaya & Avei,
globulipes murinana Hbn. Tortricidae Carr. 2005
(Desvignes, 1856)

Trieces Yponomeuta Lepidoptera: Malus Gencer, 2003;
tricarinatus malinellus Zell. Yponameutidae comminis L. Narmanhoglu &

(Holmgren, 1858)

At the end of the study, we can say the following:

v' Since Tirkiye, is located between three

continents and has a very important
toporaphical and climatic structure, it is home
to many and different insect species.
Due to this structure of Turkiye,
necessary and important to
ichneumonids in taxonomic
biogeographical aspects.

Althought the ichneumonids are a very
important parasitoid group, they have not
been studied sufficiently in Turkiye.

The number of species, which was 383 in
1995, increased 3,5 times in 23 years.

We know that there are many icheuonids
species waiting to be idendified in Turkiye.
That is why we know also we have to work

it 1s
examine
and
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ABSTRACT Biosystem Engineering
Concrete is the most common construction material used worldwide. It

is also commonly used in construction of agricultural buildings. With Research Article

the rapid developments in technology, different building materials with

superior properties are being researched in order to improve different Article History

properties of concrete and eliminate its disadvantaged aspects and to Received 1 08.09.2023
obtain lighter, insulated, more economical and useful construction Accepted :09.11.2023
materials. One of the applications to improve the negative properties of

concrete with low tensile strength is to add various fibers into the Anahtar Kelimeler
concrete mixtures. Hemp stalks play an important role in recycling Agricultural buildings,
vegetable wastes. Therefore, it is highly significant to recycle or Concrete,

transform these materials. In this study, hemp fibers were Hemp fiber,

supplemented into concrete mixtures in different ratios (1, 2.5 and 5%). Vegetable waste

Slump and unit weight tests were conducted on fresh samples and Insulation material

compressive strength, tensile strength, water absorption, freeze-thaw
resistance, thermal conductivity and ultrasound pulse velocity tests
were conducted on 28-day cured cube specimens. Slump values of the
concrete samples varied between 3.50-12.00 cm, unit weights between
2262-2370 kg m-3 and water absorption values between 2.42-5.91%.
Compared to the control concrete, maximum decrease in compressive
strength (24.09%) was seen in 5% fiber-supplemented concrete samples
(average 33.44 MPa). The highest splitting tensile strength (11.15%)
was obtained from 1% fiber-supplemented samples. Compressive
strength, specific gravity, ultrasound pulse velocity and thermal
conductivity coefficients decreased, but tensile strengths and water
absorption ratios increased with increasing hemp fiber ratios. As a
result, by using hemp fibers in concrete production, a material with
high tensile strength, suitable for cold climate conditions and low
thermal conductivity was produced. Present mechanical and physical
experiments revealed that hemp fiber-supplemented concretes, which
are economical, sustainable, environment-friendly, recyclable and have
low carbon emissions, could reliably be used in agricultural buildings
and further improvements could contribute to the economy and reduce
environmental pollution

Kenevirin Tarimsal Yapilarda Kullanilan Betonun Baz Ozelliklerine Etkisi

OZET Biyosistem Miithendisligi
Yap1r malzemeleri arasinda diinyada en fazla kullanilan beton, tarimsal
yapilarda da en fazla karsilagilan malzemelerin baginda gelmektedir.
Gun gectikce artan teknolojideki hizli gelismelerle birlikte betonun Makale Tarihgesi

farkll ézelliklerini iyilestirerek sakincali yonlerini giderebilmek, daha Gelig Tarihi  :08.09.2023
hafif, yahtimli, ekonomik ve kullanigh betonlar elde etmek amaciyla, Kabul Tarihi :09.11.2023
ustlinliikleri yiksek farkli yapr malzemeleri aragtirilmaktadir. Organik

Aragtirma Makalesi

bir atik olan kenevir bitkisinin saplarindan elde edilen lifler, agregalar, Keywords
baglayici olarak ¢imento ve karigim suyu olarak musluk suyu Tarimsal insaat,
kullanilarak kenevir lifi takviyeli beton numuneleri Gretilmigtir. Cekme Beton,

dayanimi diisiik betonun olumsuz 6zelliklerini iyilestirmek i¢in yapilan Kenevir Iif,

uygulamalardan biri de beton karisimina cesitli lifler ilave etmektir. Bitkisel atik
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Bitkisel atiklarin tekrar ekonomiye kazandirilmasinda kenevir sapi
atiklar1 6nemli yer tutmaktadir. Bu nedenle s6z konusu malzemelerin
yeniden kazanimi ya da dontsturilmesi olduk¢a onemlidir. Kenevir
liflerinin beton tuzerine etkilerini inceleyerek yapir malzemelerinde
kullanilabilirligini belirlemek, ingaat sektoriinde yap1 malzemesi olarak
degerlendirilmesine yardimci olmak ve ekolojik dengenin korunmasina
katkida bulunmak amaciyla yapilan bu calismada, beton igerisine
katilan kenevir liflerinin taze ve sertlesmis beton uzerindeki etkileri
incelenmigtir. Calismada kontrol karisimi ve lif uzunluklari 4-6 cm
arasinda olacak sekilde hacimce %1, %2.5, %5 oranlarinda kenevir lif
katkili beton érnekleri tiretilmistir. Orneklerin slump degerleri, birim
hacim agirligi, basing dayanimi, yarmada ¢ekme dayanimi, su emme,
donma-¢oziilme, ultrases gecis hizi ve 1s1 iletkenlik katsayilar
belirlenmistir. Uretilen beton 6rneklerinin ¢okme degerleri 3.50-12.00
cm, birim agirliklarr 2262-2370 kg m-3, su emme degerleri %2.42-5.91
arasinda belirlenmigtir. Kontrol betonu ile kiyaslandiginda 6rneklerin
basing dayamimlarindaki azalma en fazla %24.09 (%5 lif katkili beton)
olarak (ortalama 33.44 MPa) bulunmustur. En yiiksek yarmada cekme
dayanimi %11.15 artis ile %1 katkili 6rnekte belirlenmigstir. Elde edilen
sonuclara gore artan lif miktari ile birlikte birim hacim agirhik, basing
dayanimi, ultrases ve 1s1 iletkenlik katsayisi azalmig, yarmada ¢ekme
dayanimlar1 artmistir. Sonug olarak calismada kenevir liflerinin beton
uretiminde kullanilmasi ile ¢ekme dayanimi yiiksek, soguk iklim
kogullarina uygun, 1s1 iletkenligi diisik malzeme Uretilmigtir. Sonug
olarak; yapilan mekanik ve fiziksel deneyler sonucunda ekonomiye
katk:s saglamak ve cevre kirliligini azaltmak amaciyla, ekonomik,
stirdurulebilir, ¢evre dostu, geri dontsturilebilir ve diisik karbon
salinimina sahip kenevir lif katkili betonlarin tarimsal yapilarda
giivenle kullaniminin uygun oldugu ve gelistirilerek kullanilabilecegi
soylenebilir.

Yalitim malzemesi

Ataf igini Akiner, AO., & Karaman, S. (2024). Kenevirin Tarimsal Yapilarda Kullanilan Betonun Bazi Ozelliklerine
Etkisi. KSU Tarim ve Doga Derg 27 (3), 635-643. DOI: 10.18016/ksutarimdoga.vi.1357238
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INTRODUCTION effective manufacturing. In the realm of building

Yield levels of agricultural products should be
increased to meet the demands of ever-increasing
world population. Agricultural structures including
animal housings, animal shelters, warehouses,
conservation structures and processing facilities used
for wvarious purposes in agricultural enterprises
should be so designed and constructed as to improve
animal performance, quantity and quality of resultant

products. Construction materials and structural
members play an important role in providing
optimum environmental conditions for livestock

operations.

Agricultural structures are often single or two-story
buildings and constitute a significant part of the total
capital in agricultural enterprises. They need to be
constructed economically in accordance with their
capacities, avoiding excessive load-bearing
requirements. Selected materials should have
adequate strength and durability, ensure safety and
ideal environmental conditions and allow cost-
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materials, there exist both naturally sourced
materials and those that are artificially
manufactured. It is possible to learn about production
procedures as well as the physical, chemical and
mechanical qualities of raw materials and to use
them in the most appropriate placement within the
structure by carefully selecting construction
materials.

Material physico-chemical characteristics, resistance
to external forces, ease of use, durability, hardness,
heat conduction, ease of processing, economy and
availability at the point of use play a great role in
selection of construction materials (Karaman, 2007).
Mechanical and durability attributes can be improved
by appropriately modifying the materials that make
up concrete, which has been used as a building
material for thousands of years. The most practical
way to ensure concrete integrity and increase
physical strength is to incorporate fibrous materials
into the concrete mortar (Manan & Ganapathy, 2002;
Shahzad, 2011).
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Fibrous concrete is made by combining cement,
aggregates, water and fibers in specific proportions. It
was reported in previous studies that there was a
significant increase in mechanical properties of
concrete and mortar, in tensile strength and load
carrying capacity of fibrous concretes (Ganesh-Babu
&Pavan-Kumar, 2004; Shahzad, 2011; Walker et al.,
2014).

Concrete has a brittle structure, but gains flexibility
with fibrous admixtures and can withstand greater
loads without cracking. Fibrous concrete has a higher
energy absorption capacity during fracturing than
non-fibrous concrete. Addition of various fibers into
traditional concrete mixtures meets stress resistance
requirements, transfers deforming forces from inside-
out or outside-in and increases bending strength
through prevention of cracks. Furthermore, fiber
supplements provide the ability to withstand impact
loads without breaking. Fibers also offer some
advantages such as being economical, making
building members lighter, providing noise and heat
insulation, reducing the risk of shrinkage cracks,
increasing surface wear resistance and freeze-thaw
resistance, preventing shrinkage, crumbling-dusting,
flaking and rusting, increasing high alkali, ductility,
fatigue, impact resistance and durability
(Anonymous, 1982; Ganesh-Babu &Pavan-Kumar,
2004; Acikel et al., 2005; Kurt, 2006; Atashafrazeh,
2013; Cengiz, 2015; Agaoglu, 2018; Mujadidi, 2020;
Anonim, 2022a).

Vegetable residues are abundantly available in rural
areas. These residues may offer low-cost construction
materials and allow farmers to construct higher-
quality agricultural structures. Thus, suitable and
low-cost structures can be built to improve living
standards in rural areas. The qualities desired are
lightness, high insulation, freezing, abrasion, high
resistance to chemical effects, sufficient pressure and
tensile strength, vapor diffusion resistance, resistance
to water and moisture, plaster retention, process
ability, longer service life, low cost and so on. Besides
several benefits such as use of these residues in
various areas, ensuring ecological balance,
eliminating environmental problems and producing
lighter and stronger concrete, agricultural residues
offer significant inputs to country economy through
reduction of concrete, then construction costs
accordingly.

In recent years, there has been an increase in
research on potential use of plant residues as building
materials. Studies have been conducted to examine
the effects of climate change and global warming
induced by increased carbon emissions on renewable
and effective systems of carbon sequestration. Use of
industrial residues known as green materials can
help to achieve global economic growth while also
improving people' living conditions. Hemp concrete is
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one of the most important of these studies.

Hemp is a recyclable, renewable and biodegradable
substance; hence it is more frequently suggested in
construction industry. Use of fibers produced from
agricultural operations in the production of polymer
composite materials is becoming more common
(Candogan et al., 2022). Previous studies have shown
that walls made of hemp concrete can provide good
indoor air quality and energy savings in winter (Tran
Le et al., 2009; Jami et al., 2019). In recent years,
interest in industrial hemp (Cannabissativa L.),
which is a source of fibers and oilseeds that has
lightness, high strength, water absorption as
compared to tight structured fibers and has been used
in a wide variety of fields from the past to the
present, has been increasing throughout the world.
Therefore, hemp has started to be cultivated in many
places. High-yielding hemp can be produced at a
lower cost than other industrial crops. It is an
environment-friendly crop and has a wider range of
applications. All these attributes distinguish it from
the other industrial crops. Recovery or conversion of
these materials is essential since hemp stalk wastes
are crucial in returning vegetable wastes to the
economy. In recent years, hemp, whose production
and wusage has been permitted under specific
restrictions in Tirkiye, has been identified as a
material that can be used in concrete mixtures due to
its fibrous structure.

The main objectives of this research are () to
determine the effects of hemp fibers on concrete
properties, (ii) to determine potential use of hemp
fibers as a construction material, (ii) to actively
contribute to preservation of ecological balance.

MATERIAL AND METHODS
Material

As a research material, stems of hemp plant, an
organic waste, were used to produce hemp fiber-
reinforced concrete samples with conventional
aggregates, cement as a binder and tap water from
Tokat municipal supply as mixing water. The study
employed Portland Limestone Cement (CEM 1/42.5 R)
produced by Yurt Cement Industry and Trade Inc.,
which is widely used in the region and comply with
Anonim (2012a) standard. Hemps used as a fiber
additive in preparation of samples were obtained from
a registered hemp producer in Vezirkopri district of
Samsun province. The fibers, obtained by separating
the hemp bast from the fibrous stem, were naturally
dried and then cut to a length of 40-60 mm. Technical
fiber length of hemp fiber is 100-300 cm, processed
fiber length is 65-75 cm, dry specific strength is
cN/dtex, wet specific strength is 105% (dry), Elasticity
Modules is 12.7 Mpa and annual fiber yield is 3000 kg
hal (Gedik et al., 2010). For all samples, coarse and
fine crushed stone aggregates sourced from Gugumli
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location within the boundaries of Tokat province were
used in accordance with Anonim (2009a) standard. In
the research, the samples were prepared using tap
water from the municipal supply of Tokat province's
central district, which met the standards for drinking
water quality and was provided by the university
laboratory.

Method
Experiments were conducted at Agricultural
Structures Laboratory of Tokat Gaziosmanpasa

University Faculty of Agriculture and Building
Laboratory of Faculty of Engineering and
Architecture Department of Civil Engineering. Some
preliminary experiments were conducted on concrete
components to determine the structural properties of
the components to be used in concrete samples and to
determine optimum quantities to be used in concrete
mixtures. In addition, since there is no standard set
for the mixture calculations to be made for fibrous
concretes, the studies on fibrous concretes were used
to determine the ratios of aggregate, cement and fiber
additives to be used in the mixture. As a result of the
preliminary trials, hemp fiber ratios to be added were
determined as 1%, 2.5% and 5% in volume. Amount of
hemp fiber (with a bulk density of 1.4 g cm™) to be
added to 15X15X15x15 cm cube samples was then
calculated as 4.72 g for 1%, 11.81 g for 2.5% and 23.62
g for 5% (Zollo, 1997). Quantities of the materials for
1 m?® concrete were determined as 1899.26 kg
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aggregate, 474.07 kg cement, 222.22 kg water for
each mixing ratio. All materials were weighed and
prepared separately and fiber quantities were
determined as 14 kg m3, 35 kg m™® and 70 kg m=2. A
total of 40 samples were prepared, including control
samples, with three replicates of each hemp fiber
ratio. Hemp fibers have quite a high water absorption
capacity and such a case can lead to insufficient water
content of concrete mixture and affect proper setting
and hydration of concrete. Thus, hemp fibers were
soaked into water until they reached a saturated
state before to use them in mixtures.

The materials to be used in mixtures were weighed on
a precision scale under laboratory conditions and
homogeneously mixed. Then, hemp fibers kept in
water were added to the mixtures and they were all
blended together (Sisman & Alkaya, 2019). To
prevent the clustering of fibers within the concrete
and comply with the requirement for the narrowest
dimension of the structural members, maximum
particle size of the aggregate was chosen as 16 mm.
The mixture proportions were determined based on
the particle size distribution curves of the aggregates,
following the concrete mix design calculations
(Anonim, 2012b) (Figure 1). The proportions of coarse
and fine aggregates were determined as

approximately 49% and 51%, respectively, while their
fineness module were calculated as 5.45% and 3.63%,
respectively.
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Figure 1. Mixing ratios used for concrete samples
Sekil 1. Beton ornekleri i¢in kullanilan karisim oranlari

Slump and unit weight tests were performed on fresh
concrete (Anonim, 2019a; Anonim, 2019b; Anonim,
2012c). Aggregate gradation was maintained at a
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specific surface-to-volume ratio (s v'! ratio) of 0.44
during concrete mixture preparation in accordance
with Anonim (2018) requirements. Workability test
for the prepared fresh concrete samples involved
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conducting a slump test, which measured qualities
such as cohesion and stability (Anonim, 2019c). To
determine the unit weights of the concrete specimens,
unit weight tests were performed in accordance with
Anonim (2019d), Anonim (2019e) and Anonim (2022b)
standards. Cube specimens were subjected to curing
for 28 days. Compressive strength tests were
conducted on cured specimens (Utest / UTC-4710 with
1500 kN capacity computer-controlled hydraulic
compressive strength tester) in accordance with
Anonim (2012c¢), Anonymous (2015), TS EN Anonim
(2019b), Anonim (2019f) and Anonim (2020)
standards. Tensile strength tests were performed in
accordance with Anonim (2012c), Anonymous (2015),
Anonim (2019b), TS Anonim (2019f) and Anonim
(2020) standards. Frost resistance test was conducted
in accordance with Ekmekyapar & Oriing (2001);
water absorption with  Anonymous (1997a),
Table 1.Test results for fresh and 28-day cured samples
Cizelge 1. Taze ve sertlesmig beton deneyi sonuglari

Anonymous (1997b); Anonim (2019e) and Anonim
(2022b) standards, thermal conductivity (thermal
conductivity heat flux technique with Thermtest
HFM-100 device capable of measuring between 0.005-
0.5W Mk) with Anonim (2002), Anonymous (2003)
Anonim (2003) and Anonim (2009b) standards and
finally Ultrasonic Pulse Velocity tests with
Anonymous (1986), Anonymous (2016) and Anonim
(2021) standards.

RESULTS

Slump and unit weight tests were conducted on fresh
samples and compressive strength, tensile strength,
water absorption, freeze-thaw resistance, thermal
conductivity and ultrasound pulse velocity tests were
conducted on 28-day cured cube specimens. Test
results are provided in Table 1.

Mixing ratios

Concrete tests

Control (0%) 1% 2.5% 5%
Slump (mm) 120+ 2.89 65+ 2.89 45+ 2.89 35+ 0.00
Unit weight (kg m™ ?) 2369+ 6.43 2341+ 6.69 2295+ 9.68 2268+ 3.48
<Compressive strength (MPa) 44.05+ 0.45 41.11+ 0.97 40.53+ 2.84 33.44+ 2.01
Tensile strength (MPa) 5.83+£ 0.18 6.48+ 0.45  6.04+ 0.45 5.66+ 0.27
Water absorption (%) 2.44+ 0.03 2.81+0.11  4.50+ 0.54 5.82+ 0.11
Compressive strength (MPa) 39.46+ 2.28 38.29+1.18 33.97+2.43 31.88+ 1.42
Freezing-thaw  Water absorption (%) 3.95+ 1.17 5.00£0.30 5.47+0.73 6.72+ 0.42
Weight change (%) 1.52+ 0.14 2.24+0.35 1.12+0.15 1.06+ 0.46
Thermal conductivity (W m'* K1) 2.52 2.48 2.39 2.04
Ultrasound pulse velocity 4.80+ 0.15 4.74+0.11 4.50+0.01 4.49+ 0.01

Slump Test: Slump values of concrete samples varied
between 3.50 - 12.00 cm. Addition of hemp fibers
resulted in formation of clusters, which adversely
affected the workability, a significant property of
fresh concrete, leading to a decrease in workability as
the fiber content increased. Therefore, workability, an
essential characteristic of fresh concrete, decreased
with increasing fiber ratios. It was reported in
previous studies that amount of mixing water
required in concrete mixtures increased with the
inclusion of plant waste, such as hemp fibers (Manan
& Ganapathy, 2002; Sisman & Alkaya, 2019).

Unit Weight: Unit weights of concrete samples varied
between 2262 - 2370 kg m™. Decreasing unit weights
were seen with increasing hemp fiber ratios. Such
decreasing unit weights were attributed to lower
specific gravity of the fibers and the voids created.
However, unit weights of produced fiber-
supplemented concretes were higher than 2200 kg
m=3, which does not classify them as light-weight
concrete (Ekmekyapar & Oriing, 2001; Anonim, 2017;
Anonim, 2019d). Previous studies also reported a
significant decrease in unit weights with hemp fiber
supplementations into concrete mixtures (Neville,
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2012; Jami et al., 2019).

The decrease in concrete unit weight reduces the dead
load of the structure and increases heat and noise
insulation properties. Due to low specific gravity of
the fibers and resultant voids, unit weights of fiber-
supplemented samples decreased by up to 4.26% (in
samples with 5% hemp fiber additives) as compared
to control samples without any fibers. Such a slight
decrease in unit weight was found to be significant.
Such decreases also offer some advantages, such as
reduced structural loads and enhanced heat and noise
insulation properties. By reducing the building loads,
it provides cost savings, particularly in agricultural
structures and helps minimize economic losses
resulting from natural disasters. By utilizing fiber-
reinforced concretes with light-weight aggregates, it
is possible to achieve lighter, more cost-effective and
well-insulated concretes.

Compressive  Strength: Compressive strengths
decreased with increasing hemp fiber ratios since
hemp fibers absorbed and retained more water,
resulted in low specific gravity and reduced surface
smoothness. Compressive strength of the samples was
found to be reduced by up to 24.09% (5% fiber-
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supplemented concrete) (average 33.44 MPa) as
compared to control samples. Figure 2 illustrates the
relationship between compressive strength and unit
weight of the samples.

Tensile Strength: The increase in fiber content
resulted in positive effects on tensile strength of 1%
and 2.5% hemp fiber-supplemented samples, but 5%
fiber content decreased tensile strength as compared
to the control group. The highest tensile strength was
obtained from 1% hemp fiber-supplemented samples.
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Inclusion of fibers into concrete mixtures facilitated
its ductility and prevented load-induced cracks and
deformations. Various factors, such as quantities,
types, geometries, matrix structure of the mixture
and fiber size, influence tensile strength of concrete
specimens (Ozyurt et al., 2006; Aslan, 2020). Fibers
added to concrete suppress microcracks by localizing
macrocracks and increase the apparent tensile

strength of the matrix (Ganesh-Babu &Pavan-Kumar,
2004).

y =0.090x - 168.9
R?=0.635

2320 2340 2360 2380

Unit weight (kg m-3)

Figure 2. The relationship between compressive strength and unit weight
Sekil 2. Basing dayanimi ve birim agirlik iligskisi

Water Absorption: Water absorption ratios increased
with increasing hemp fiber ratios. As compared to
control samples, the highest increase in water
absorption was determined in 5% fiber-supplemented
samples (138.53%). This can be attributed to high
water absorption capacity of hemp fibers and the
increase in void ratio within the concrete due to fiber-
induced clustering. In this sense, a thin plaster
should be applied over the hemp fiber-supplemented
concrete surface to prevent water from passing
through. Because the fibers used as additives absorb
excess water, the amount of water used in the
concrete mixtures to be prepared must be increased.
Furthermore, when preparing mixtures, studies
should be conducted to reduce water absorption and
minimize voids formed by the use of water-
impermeable additives (Figure 3).

Freeze-Thaw Resistance: Concretes produced with
different proportions of hemp fibers were subjected to
freeze-thaw cycles. Although 28th day compressive
strength of hemp fiber-supplemented concretes
exposed to freeze-thaw cycles decreased slightly as
compared to samples kept under normal curing
conditions, but the difference was not significant.

The compressive strength values of hardened concrete
samples after freeze-thaw cycles were also compared
to compressive strength values of the control samples
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to determine the reductions in compressive strength.
Since the compressive strength variations in all
samples were less than 20%, it was determined to be
resistant to freeze-thaw cycles (Ekmekyapar &
Oriing, 2001; Anonim, 2019e). Weight loss values of
the produced concrete samples after freeze-thaw
cycles were also determined. It was observed that
increase in hemp fiber content led to an increase in
weight loss. The highest weight loss was determined
in samples with 1% hemp fiber content. The weight
loss values determined through weight measurements
of hardened concrete samples before and after the
freeze-thaw cycles were very small, below 0.3%.
Based on minimal weight loss values, it can be
concluded that the samples were not significantly
affected by freeze-thaw cycles.

Visual examination of hardened concrete samples
after freezing-thaw cycles revealed that objectionable
deformations such as cracks, dispersion, rupture and
fragmentation occurred infrequently, the samples
partially maintained surface smoothness and pits and
spongy surface structure did not form. It can be
stated that hemp fibers added to concrete have no
negative effect on freeze-thaw resistance and effects
of freeze-thaw cycles on concrete properties were not
significant. Hemp fibers in various mixing ratios
provided sufficient frost resistance to concrete
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Figure 3. The relationship between water absorption and unit weight
Sekil 3. Su emme ve birim agirlik iliskisi

Thermal Conductivity’ Thermal conductivity values of
the produced concrete samples ranged from 2.0395 to
2.5162 W m'! K1l Thermal conductivity values
decreased with increasing fiber ratios. The highest
reduction in thermal conductivity, up to 18.95%, was
observed in the samples with 5% fiber content (2.0395
W m K1) as compared to the control samples.

Ultrasonic Pulse Velocity: Ultrasound pulse velocity
values of the concrete samples ranged from 4.49 to
4.80 km sl. Decreasing values were seen with
increasing fiber ratios. As compared to control
samples, the highest decrease in ultrasound pulse
velocity, up to 6.46%, was observed in the samples
with 5% fiber content. The voids formed as a result of
clustering caused by the increase in fiber content
hindered propagation of ultrasound pulses, leading to
a decrease in ultra sound pulse velocity.

CONCLUSION

Present findings revealed that increasing hemp fiber
ratios resulted in a material with lower unit weight,
compressive strength, ultrasound pulse velocity and
thermal conductivity coefficients and with a higher
tensile strength and water absorption. Use of hemp
fibers in concrete production yielded a material with
high tensile strength, low thermal conductivity and
suitable for cold climate conditions. It was concluded
that fiber content could be adjusted to enhance tensile
strength (up to 1%). Beyond this ratio, strength
properties decreased, but insulation properties were
improved. It was suggested that in single-story
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agricultural structures not subjected to excessive load
effects in cold climates, measures could be taken to
enhance strength and durability characteristics by
incorporating hemp fibers as structural elements.
However, excessive fiber content led to increased
voids and hindered homogeneous mixing, negatively
affecting compaction and compressive strength.
Presence of voids also resulted in decreased
workability, increased water absorption and lower
compressive strength. To prevent fiber agglomeration
within the concrete, further research could explore
different additives and methods. By adjusting hemp
fiber content and testing various thicknesses, desired
thermal conductivity coefficients could be achieved,
leading to reduced heating costs and decreased use of
insulation materials. Further  research is
recommended on environment-friendly, sustainable
and locally available hemp fiber-modified insulation
materials that provide high insulation properties and
promote healthy living conditions in agricultural
structures.
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OZET

Bu ¢alismada jeotermal kaynaklara sahip karasal iklimin hakim oldugu
Batman ilinde kurulacak ileri teknoloji seralarinda maksimum 1s1 giict,
uretim slresince gereksinilen 1s1 enerjisi ve 1s1 perdelerinin
sizdirmazliklarina bagli olarak tasarruf edilebilecek 1s1 enerjisinin
belirlenmesi amaglanmigtir. Cati1 ve yan duvarlarda farkli orta
malzemesi ile kapli ileri teknoloji seralarda, farkli sizdirmazhik
ozelliklerine sahip 1s1 perdeleri kullanilarak ISIGER-SERA uzman
sistem yazilimi ile 1s1 enerjisi hesaplanmigtir.Batman ili iklim
kogullarinda farkli 6rtii malzemeleri ile kaph seralarda maksimum 1s1
gliici degerleri farklilik gosterirken, 1s1 perdelerinin maksimum 1s1
glicune etkisi belirlenmemistir. Bunun da nedeni maksimum 1s1 gliciine
sabahin ilk saatlerinde 1s1 perdelerinin agildig1 kosullarda ihtiyag
duyulmasidir. Ancak 1s1 perdelerinin Uretim periyodu boyunca
gereksinilen 1s1 enerjisi tiiketimine etkisi perdelerin sizdirmazlik
degerlerine gore %8.4 ile %36.7 arasinda degigsmektedir. Batman ili i¢in
modern seralarda 1s1 enerjisinin maliyetinin i¢in 6rtii malzemesi olarak
cam malzeme ve kesinlikle 1s1 perdesi kullanilmalidir. Ayrica plastik
sera yapilmasi durumunda, yan duvarlarda tek kat plastik
kullanilmamasi bunun yerine ya c¢ift kat plastik ya da cift kat sert

plastik (16 mm) kullanilmasi énerilmektedir.
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Calculation of Heat Requirement Values of Modern Greenhouse Enterprises in Batman Region,
Determination of the Effects of Heat Protection Measures on Heat Consumption

ABSTRACT

In this study, it was aimed to determine the maximum heat power, the
heat energy required during production, and the heat energy that can
be saved depending on the sealing of the heat curtains in the high-tech
greenhouses to be established in Batman Province, where the
continental climate with geothermal resources is dominant. In high-tech
greenhouses covered with different covering materials on the roof and
side walls, heat energy was calculated with ISIGER-SERA expert
system software by wusing heat curtains with different sealing
properties. While maximum heat power values vary in greenhouses
covered with different covering materials under the climate conditions
of Batman Province, the effect of heat curtains on maximum heat power
has not been determined. The reason for this is that maximum heat
power is needed in the early hours of the morning when the heat
curtains are opened. However, the effect of thermal curtains on the
required heat energy consumption during the production period varies
between 8.4% and 36.7%, depending on the sealing values of the
curtains. In modern greenhouses in Batman Province, glass material
and definitely a heat curtain should be used as cover materials to
reduce the cost of heat energy. In addition, in the case of building a
plastic greenhouse, it is recommended not to use a single layer of plastic
on the side walls but instead to use either a double layer of plastic or a
double layer of hard plastic (16 mm).

Biosystem Engineering
Research Article
Article History

Received
Accepted

13.09.2023
©19.12.2023

Keywords
Greenhouse heating
Heat requirement
Heat screen

Heat conservation
Energy efficiency



KSU Tarim ve Doga Derg 27 (3), 644-655, 2024
KSU J. Agric Nat 27 (3), 644-655, 2024

Aragtirma Makalesi
Research Article

Atif Igin:  Ustiin S., (2024) Batman Yéresi Modern Seracilik Igletmelerinin Is1 Gereksinim Degerlerinin Hesaplanmas,
Is1 Koruma Onlemlerinin Is1 Tiketimine Etkilerinin Belirlenmesi. KSU Tarum ve Doga Derg 27 (3), 644-655.
httpsi//doi.org/10.18016/ksutarimdoga.vi.1359654

To Cite: Ustiin S., (2024) Calculation of Heat Requirement Values of Modern Greenhouse Enterprises in Batman
Region, Determination of the Effects of Heat Protection Measures on Heat Consumption. KSU J. Agric Nat
27(3), 644-655. https://doi.org/10.18016/ksutarimdoga.vi.1359654

GIRIS Akdeniz bolgesinde yapilan  seracihik  lretim

Bolgenin iklim sartlarina baglh olarak seralar, yilin
farkli aylarinda 1sitma, havalandirma, golgeleme,
sogutma gibi iglemlere ihtiya¢ duyarlar. Bitkiler
sicaklik degisimine, geligimleri ile hizli bir sekilde
cevap verirler. Serada turetilen bitkilerin 10°C — 24°C
sicaklik araligina pozitif olarak artan bir tepki
verirler (Nelson, 2002).

Seralarda en fazla fretilen ftrinler, cogunlukla
yiiksek 1s1 gereksinimi gosteren sebzelerdir (domates,
biber, hiyar, kavun, yesil fasulye, patlican vb.).
Seralarda uretilen bu trunler, iliman iklim bitkileri
olup ortalama 17°C-27°C’ye adapte olmuglardir. Bu
trinler minimum 12°Cnin altinda ve maksimum
32°C’nin  ustindeki sicaklik degerlerinde strese
girerler (Nisen ve ark., 1988). Don gibi diisiik
sicakhiklarda geri doniisi olmayan hasarlar ortaya
cikar.

Gunlik ortalama sicakligin 12°Cnin altina dastiga
kogullarda seralarda i1sitma yapilmalidir. Turkiye’de
seraciligin yaygin olarak yapildigi Akdeniz ve Ege
bolgelerinde, gunlik ortalama sicaklik 12°Cnin
altina dustiginden seralar Aralik, Ocak ve Subat

aylarinda isitilmalidir. Ancak bu boélgemizdeki
ginlik  ortalama  sicakhk  7°Cnin  tizerinde
seyrettiginden, tUretici soguk seracilign  tercih

etmektedir. Isitilmayan seralarda sicakligin biyolojik
optimumun altina dismesi ve buna baglh olarak
nemin  ylUkselmesi nedeniyle ortaya c¢ikan
hastaliklara karsi, oldukga fazla tarimsal ilag
kullanilmaktadir. Ila¢ kullammi tdiriin  kalitesini
etkiledigi gibi insan sagligim1 da olumsuz yonde
etkilemektedir. Verim ve kaliteyi olumlu yoénde
etkileyen 1sitma, uretim maliyetini arttirmaktadar.
Isitma giderleri sera yapisina, donanimina ve yore
iklimine bagh olarak igletme giderlerinin % 20-60
arasinda degismektedir (Baytorun ve ark., 2017a).

Farkli zamanlarda ortaya ¢ikan enerji krizleri, sera
Uretimini 1liman iklim bolgelere kaydirmagtir.
Akdeniz boélgesinde kurulan seralara gore Orta ve
kuzey Avrupa ulkelerindeki seralar daha modern ve
karmagik olup tim yil boyunca bitkilerin
arzuladiklar1 gelisim etmenleri olan sicaklik, nem,
1sinim ve CO:z degerlerini optimum dizeyde tutmak
zorundadirlar (Baytorun ve ark., 2016).

Uygun yatirnm bedelleri ile kurulan Akdeniz
bolgesindeki seralar ise bitki gelisim etmenlerini en
az igletme yatirimlari ile optimum diizeyde tutmaya
calisan yapilardir. Ancak yaz aylarindaki yuksek
sicakliklar nedeniyle seralarin bos birakilmasi
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periyodunu kisaltmaktadir. Bu durum birim alandan
elde edilen verimin diismesine neden olmaktadir.

Soguk iklim boélgelerinde tGretim yapilan seralar, yilin
biytk bir bélimiinde isitilmak zorundadir. Isitma
stiresi daha kisa olan 1liman iklim bdélgelerinde
Uretim yapilan seralarda 1sitma gereksinimi kig
aylarinda ortaya ¢ikmaktadir. Akdeniz gibi iliman ve
Israil gibi sicak iklim bélgelerinde, 1s1 gereksinimine
sadece kis aylarimin gece saatlerinde ihtiyac
duyulmaktadir (Baytorun, 2016).

Yuksek teknolojiye sahip seralarda diizenli olarak
1sitma yapildigr i¢in bélgenin iklimine bagli olarak
1sitma giderleri isletme giderleri igerisinde ilk veya
iscilikten sonra ikinci sirada yer almaktadir. Diizenli
olarak 1sitilan Akdeniz bolgesi seralarinda isitma
giderleri %20 - 25 ile ikinci sirayr alirken, soguk
bolgelerde birinci sirada yer alir (Baytorun ve ark.,
2017a). Is1 korunumu amaciyla 1s1 enerjisinin seraya
iletilmesindeki kayiplarin azaltilmasi i¢in 1sitilan
seralarda 1s1 perdelerinin kullanilmasi ve riizgardan
koruma gibi bazi teknik onlemler uygulanmaktadir
(Von Zabeltitz, 1986). Seracilik faaliyetleri acisindan
dejavantajli bolgelerde rekabet sansini arttirmak i¢in
151 perdesi ve diger tasarruf onlemleri kullanilabilir
(Cayh & Temizkan, 2018).

Kis aylarinda minimum duzeyde olan gilines
1siniminin seraya girigini fazla etkilemesi i¢in enerji
tasarrufu amaciyla serada uygulanan yontemlere
ozellikle dikkat edilmelidir. Seralarda cat1 bolgesinde
¢ift katli Orti malzemesinin kullanmilmasi enerji
tasarrufu saglarken seraya ulasan i1sitk miktarim
azaltabilmekte, aym1 zamanda CO:z ve nem sorunu
yaratabilmektedir (Tantau, 2012; Baytorun, 2016).
Seralarda 181 kayiplarini minimize etmek i¢in yapilan
yalitim sonucunda, sera i¢indeki nem yikselmesi de
dikkate alinmalidir. Bu nedenle sera cati1 bélgesinde,
son yillarda yaygin olarak tek katli 6rtii malzemesi
ile gece saatlerinde iyi yalitilmig hareketli 1s1
perdelerinin kullanilmasi énerilmektedir (Baytorun,
2016). Giindiiz saatlerinde 1s1  perdelerinin
toplanmasi, fotosentez icin gerekli 15151n (PAR) seraya
ulagsmasi saglanir. Illman iklim bélgelerinde 1sitma
igin gerekli olan 1s1 enerjisinin %100ine ve soguk
bolgelerde %70-75'ine gece saatlerinde 1ihtiyag
duyuldugundan, sistem iyi projelenip malzeme iyi
secildiginde 1s1 perdeleri ile o6nemli diizeyde 1s1
tasarrufu saglanabilir (Von Zabeltitz, 1982, Baytorun,
2016). Ayn1 zamanda don olay: riskini azaltmak igin
de 1sitma yapilmayan seralarda 1s1 perdeleri
kullanilabilir (Teitel ve ark., 1996).
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Is1 perdelerinin se¢iminde malzemenin, kii¢ciik yiizey
alanina sahip olmasina, kolay monte edilebilmesine
ve ¢cekme gerilmesinin az olmasina dikkat edilmelidir
(Meyer, 1982). Almanya iklim kosullarinda yaptiklar
calismada, farkli 1s1 perdelerinin sera c¢ati ve yan
duvarlarda kullanilmas1 durumunda ¢ift katli ETFE
(Etilen TetraFlorEtilen) ile kapli serada ulasilabilen
tasarruf oranlari;; c¢atida tek kat 1s1 perdesi
kullanilmas:1 durumunda %55, c¢atida ¢ift kat enerji
perdesi ile yan duvarda stor tipi perde kullanilmasi
durumunda %90, catida 1s1 ve giindiiz perdesi yan
duvarlarda stor tipi perde kullanilmasi durumunda
%80 oldugu belirlenmistir (Meyer ve ark., 2014).

Rath (1992) calismalarinda aliiminyum dokusu az
olan 181 perdesi ile %40, aliminyum dokusu fazla olan
151 perdesi ile %50 oraninda tasarruf edilebilecegini
hesaplamigtir. Tek kat enerji perdesi yardimiyla
seralarda %32 enerji tasarrufu saglanabilirken, bu
oranin c¢ift kat perde ile %48'lere ve c¢ift kat enerji
perdesi ile %b52'lere cikarilabilmektedir. Serada
sadece giindiiz perdelerinin kullanilmasi durumunda
gece saatlerinde ihtiya¢ duyulan 1s1 enerjisi
gereksinimini %25, gindiz saatlerinde i1se %9
azaltilabildigi belirlenmistir (Domke, 2011).

Seralarda kullanilan perdelerin 1s1 tasarruf oranlari
perdelerin sizdirmazhiklarina bagh olarak
degismektedir (Meyer, 1984; Miiller, 1987). Is1
perdelerinin yan duvar ve sera cepheleriyle birlestigi
yerler sizdirmaz olmalidir. Aksi takdirde 1sman
havanin yukselerek bu araliklardan gecip cati oérta
malzemesi tarafindan dis ortama tasinmasi 1s1
tasarrufunu azaltmaktadir (Cayl ve ark., 2016;
Onder & Baytorun, 2016). Ayni zamanda 1s1 perdesi
sizdirmazligl iyi olan seralarda riizgar hizina bagh
olarak ortaya cikan 1s1 kayiplari en diisiik dizeydedir
(Schmidt ve ark., 2011).

Seralarda 1s1  gereksinimi  kullanilan 1sitma
sistemlerinin tipi ve sera donanimina bagl olarak
degismektedir (Baytorun ve ark., 2018a; Baytorun ve
ark., 2018b). Is1 gereksinimi hesaplamalari, serada
ortaya cikan gercek sicaklik ve seranin Gzelligine
baghh sicaklik yiikselmesi dikkate alinarak saatlik
iklim degerlerine gére yapilmaldir (Baytorun ve ark.,
2018c). Is1 gereksinimi hesaplamalarinda dogru
sonuc¢lar elde edebilmek icin iklim verilerinin,
arastirmanin yapildig1 yerden toplanmasi da oldukga
onemlidir (Cayh ve ark., 2018b). Ayni zamanda sera
cevre kogullarinin teknolojik cihazlarla takip edilmesi
ve 1htiyag duyulan kosullarin otomatik olarak
saglanmasi  durumunda da enerji tasarrufu
saglanabilmektedir. Bu amagla gelistirilen baz1 diisiik
maliyetli donanim ve yazilim ¢o6zlimleri {izerine
yapilan arastirmalar da vardir (Cayli ve ark., 2017;
Cayli & Mercanli, 2017; Cayh ve ark., 2018a).

Bolgenin iklim kosullarina gére insa edilen seralarda
gerekli 1s1 tasarruf oOnlemlerinin alinmasi, 1sitma
giderlerinden  kaynakli  dretim  maliyetlerinin
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diistirilmesi acisindan o6nemlidir (Boyaci ve ark.,
2016). Bununla birlikte seralar icin secilen 1sitma
sisteminin dogru olarak projelenmesi, enerji
tasarrufu ve ilk yatirim giderlerinin azaltilmasi
acisindan biiyiik bir éneme sahiptir (Akyiiz ve ark.,
2017). Ayrica 1sitma sistemlerinde yaygin olarak
kullanilan kat1 yakacak kazanlarinda serada ihtiyag
duyulan 1s1 yiikiine baglhh olarak yanma igleminin
diizenlenmesi oldukg¢a zor oldugundan 1s1 enerjisi
etkin bir sekilde kullanilamaz. Bu amacla ihtiyag
fazlas1 1s1n1n sicak su tankinda (buffer) depolanmasi,
tuketilen yakittan elde edilen 1s1 enerjisinin etkin
kullanimi i¢in ¢dziim olarak sunulmustur (Baytorun
ve ark., 2017b).

Serada 1s1 kaybini artiran diger bir faktorde dig
ortamdaki rizgar hizidir. Artan rizgar hizi, 1s1
perdesi kullanilan seraya kiyasla daha yiiksek 1s1
kayiplarina neden olur. Is1 perdeleri 1s1 kayiplarim
azaltarak 1s1 tasarrufu saglar (Sethi & Sharma, 2008;
Cayli & Akyiiz, 2019).

Bolge iklimine bag olarak tretim giderlerinin %20-
%60 arasinda yer tutan 1sitma giderlerinin
azaltilmas1 yaninda 1sitma jeotermal gibi ucuz enerji
kaynaklarinin kullanilmasi seralarda tretimi rekabet
edebilir duruma getirmektedir.

Yapilan bu calismada jeotermal kaynaklara sahip
Batman iklim kosullarinda kurulacak ve dizenli
olarak 1sitilacak yliksek teknoloji seralarinda, farkl
orti. malzemesine sahip seralarin saatlik ikim
degerlerinden gidilerek 181 gereksiniminin
hesaplanmasi, 1s1 perdesi ile 181 tasarruf oranlarinin
belirlenmesi ve ortaya ¢ikan 1s1 gereksiniminin diger
sera bolgeleri ile rekabet edebilirliginin belirlenmesi
amaglanmigtir.

MATERYAL ve METOD
Sera Ozellikleri

Is1 gereksiniminin hesaplanmasinda, uzunlugu 50 m,
genigligi 9.6 m, yan duvar yiiksekligi 4.5 m, mahya
yiksekligi 6.5 m olan 10 adet bolmeden olusan taban
alani1 4800 m?2 olan, plastik 6rtii malzemeli sera sekli
yay cat1, cam 6rtii malzemeli sera gekli gotik ¢ati olan
blok sera kullanilmigtir. Yapilan hesaplamalarda,
serada sicaklik yiikselmesi 7 °C, 1s1 depolama
katsayis1 cam oOrtila sera i¢in 1, plastik ortili sera
i¢cin ise 0.5 olarak alinmistir. Isitma sistemi celik
borulu 1sitma sistemi secilmis ve borular sera
tabanina yakin olarak dosendigi kabul edilmigtir.
Havalandirma sicaklhigr ise 23°C olarak alinmigtir.
Hesaplamalarda esas alinan farkl sera tipleri Cizelge
1’de verilmigtir.

Is1 Perdesi

Seralarda kullanilan 1s1 perdelerinin dokularinda
bulunan aliiminyum malzemenin orani, serada 1sima
yoluyla ortaya c¢ikan 1s1 kayiplarinin azaltilmasi
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baghdir. Yapilan c¢alismada %50 tasarruf oranina
sahip 1s1 perdesinin sizdirmazligina bagl olarak
hesaplamalarda esas alinan duzeltme faktorleri
Cizelge 2’de verilmistir (Rath 1992).

acisindan buyuk bir oO6neme sahiptir. Yapilan
calismada enerji tasarruf orani %50 olan 1s1 perdesi
hesaplamalarda esas alinmistir. Is1 perdelerinin
sagladigir 1s1 tasarrufu perdelerin sizdirmazliklarina

Cizelge 1. Yapilan calismada esas alinan sera tipleri ve donanimlari.

Table 1. Greenhouse types and equipment used in the study

Sera Tipi

Ortii Malzemesi

Is1 Perdesi ve

Cata Yan Duvar Sizdirmazlik Durumu

C1(Cam 1) Tek katli cam Tek katli cam Yok
C2 (Cam 2) Tek katli cam Tek katli cam Var, Kotii
C3 (Cam 3) Tek katli cam Tek katli cam Var, Orta
C4 (Cam 4) Tek katli cam Tek katli cam Var, Iyi
P1 (Plastik 1) Tek kath plastik Tek kath plastik Yok
P2 (Plastik 2) Tek kath plastik Tek kath plastik Var, Kot
P3 (Plastik 3) Tek kath plastik Tek kath plastik Var, Orta
P4 (Plastik 4) Tek kath plastik Tek kath plastik Var, Iyi
P5 (Plastik 5) Tek kath plastik Cift katli plastik Yok
P6 (Plastik 6) Tek kath plastik Cift kath plastik Var, Kotii
P7 (Plastik 7) Tek kath plastik Cift katli plastik Var, Orta
P8 (Plastik 8) Tek kath plastik Cift katli plastik Var, Iyi
P9 (Plastik 9) Tek kath plastik Cift katl sert plastik (16 mm) Yok
P10 (Plastik 10) Tek kath plastik Cift kath sert plastik (16 mm) Var, Kotii
P11 (Plastik 11) Tek kath plastik Cift kath sert plastik (16 mm) Var, Orta
P12 (Plastik 12) Tek kath plastik Cift kath sert plastik (16 mm) Var, Iyi

Cizelge 2. Is1 perdesinin sizdirmazliklarina bagh diizeltme katsayilar1 (Rath 1992).
Table 2. Correction coefficients depending on the sealing of the thermal curtain (Rath 1992).

Is1 Perdesi Sizdirmazlhiga

Diizeltme Katsayis:

Iyi 6.80
Orta 11.05
Kot 29.43
Is1 perdesi yok 0.00

Jeotermal Enerji

Batman 1ili yenilenebilir enerji kaynaklarindan
jeotermal enerji potansiyeline sahiptir. Jeotermal
enerji Batman-Sason-Taghdere’de sehir i1sitmasi ve

termal turizm alanlarinda kullanilmaktadir. Cizelge
Jte Batman ili jeotermal kaynak potansiyeli
gosterilmistir (DIKA, 2014).

Cizelge 3. Batman ili jeotermal kaynak potansiyeli (MTA, 2005).
Table 3. Batman province geothermal resource potential (MTA, 2005).

Sicak su Dogal Cikig Sondaj
J:f;f;;?l dogal cikis  Sicakllk Debi Potansiyel Sicaklk Debi Potansiyel K‘ﬂ:ﬁim KTu;S‘i“
ada °C ltsn’! MWt °C ltsn! MWt
Sason Taghdere 83 16 * * * * Kaplica *

Is1 Gereksiniminin Hesaplanmasi

Saatlik 6l¢ilmiis iklim verileri kullanilarak, seranin
ozelliklerine ve serada kullanilan donanima bagh

olarak 1s1 enerjisi gereksinimi, Rath (1992) tarafindan
DIN 4701 standartlar1 esas alinarak geligtirilen 1
nolu esitlik yardimi ile hesaplanmagtair.

Q=33 (((tin — tiom, — Atsp ) Ups. Ac. (1 — EEESn)) . tst)

Esitlikte;
Q : Seranin yillik 181 gereksinimi [Wh]

t; * Serada istenen sicaklik [°C]

tion: Isitmasiz serada ortaya c¢ikan gercekl]
sicaklik [°C]

Atg,t Serada depolanan 1siya bagh ortaya ¢ikan
sicaklik yiikselmesi [°C]
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U Is1 gereksinim katsayis1 [W m2 K]
Ac* Sera értii ylizey alami [m?]

EEgs:Serada kullanilan enerji
énleminin tasarruf orani [-]

koruma

n:Yilin saatleri [h]

1 nolu esitlikteki Atg,, glindiiz saatlerinde serada
depolanan enerji dikkate alinarak belirlenir. Atg,’nin
belirlenmesinde 2 ve 3 nolu esitlikler kullanilmigtir.

Zd
max(Zz..365)
2 nolu egitlikteki Z;, 3 nolu esitlik yardimi ile elde
edilmigtir;

AtSp,pot = * ALLSp,max

Zq = tioncindizg_, — Li,oH,Gecey
Z,:Glindiiz gece sicaklik ortalama farki [°C]
Elde edilen verilere gore giin boyu depolanan enerjiye
bagli olarak serada ortaya ¢ikan sicaklik ylkselmesi
(Atsp) asagidaki mantiksal egitlikler yardimi ile
belirlenmistir (Rath 1992).
Atsppor = 25 veqe >0 ise
ti — tion < Dtsppor <25 veqs >0 ise ]
0 < Atsppor < ti —tion <25ve q; >0 ise }
)
I Atgp pot

= { Atgy por - (ti — tion — 25)

k Atgp pot — 25

0

1 nolu esitlikte 1sitilmayan serada ortaya cikan
sicaklik degerinin (t;py) belirlenmesi igin, glneg
radyasyonuna baglh serada ulasilan teorik sicaklik
degerinin (¢;,,) hesaplanmas1 gereklidir. Serada
teorik sicaklik 4 nolu esitlik ile hesaplanmagtir.

q6*D6*n*Ag
Ucs*(1-EEEs)*Ac

Ats,

Degilse
AtSp,pot

tien = tita

Esitlikte:
t;n-Isitilmayan ve havalandirilmayan serada
ortaya c¢ikan teorik sicaklik [°C]
q¢-Giines radyasyonu [W m2]
D;:Ortii malzemesinin gecirgenlik orani [%]
to:Dis sicaklik [°C]

n:Serada enerji dontistim faktoria
(duyulur/gizli) (Standart =0,7)

Serada ortaya ¢ikan teorik sicaklik ve serada istenen
havalandirma sicakhgma (t;) bagh olarak, 1 nolu
esitlikteki 1sitilmayan serada i¢ sicaklik degeri (¢; op),

asagidaki  mantiksal  egitlikler yardimi ile
belirlenmisgtir.
tien =t, ve t, =2t, ise t,

tien <t, ve tiy >t, ise tion = {tith
Degilse tq
Esitlikte;
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t,*Havalandirma sicaklig1 [°C]
t;s‘Serada arzulanan i¢ sicaklik degeri [°C]

Serada gercek i¢ sicaklik degeri (t;) agsagidaki
kogullara gore belirlenmigtir.

t < ise} b= { tis
v ti,oH

ion Stis
Degilse

Eger serada gece giinduz farkl sicaklik degerleri arzu

ediliyorsa bu durumda ic¢ sicaklik degeri (t;) asagidaki

kosgullara gore belirlenir. (2]

qe >0 ve t;oy < t; ise t 2

SGiin LSGiindiiz
dc = 0ve ti.OH =< ti.sGece Lse ti = tirSGece
Degilse Lion

Serada 1s1 glici ve 181 enerjisi gereksinimil{ﬁl
belirlenmesinde kullanilan toplam 1s1 iletim katsayisi
(U,y), orti malzemesinin &zelligine, sera tipine,
1sitma, sulama sistemine, ruzgar hizina ve
gokylzinin bulutlu ve acik olmasina bagli olarak
degisim gostermektedir. Yapilan hesaplamalarda
toplam 1s1 iletim katsayisi 4 m s! riizgar hizinda tek
kath PE plastik i¢in 7 W m2K'1, cam sera i¢in 7.65 W
m?2 K1 olarak alinmis (Zabeltitz, 1986; Tantau, 1983;

Meyer, 1981, 1982) ve hesaplamalarin yapildig
saatteki rizgar hizina baghh olarak yeniden
belirlenmigtir.

BULGULAR ve TARTISMA

Meteoroloji  Genel Miudirliginden elde edilen

Batman ili iklim degerleri incelendiginde aralik, ocak
ve gsubat aylarinda hava sicakliginin 7°C’nin altina
dustigi gorilmektedir. Bu kosullarda Batmanda
kurulacak seralarda Aralik-Subat doéneminde tum
giin 1sitma, Mart ve Kasim aylarinda sadece gece
saatlerinde 1sitma, Ekim, Nisan ve Mayis aylarinda
havalandirma, Eylil ve Haziran aylarinda
havalandirma ve glnin belirli saatlerinde sogutma
yapilmas1 gerekmektedir. Temmuz ve Agustdd
aylarinda ise serada ortaya cikan ylksek sicakliklar
nedeniyle iiretim olanag: ortadan kalkmaktadir (Sekil
1).

Yapilan calismada, Batman ilinin saatlik iklim
degerleri kullanilarak gece ve gindiz farklh sicaklik
degerleri igin gerekli 1s1 giicii ve yillik 1s1 enerjisi
gereksinimi hesaplanarak ¢izelge 4’te verilmistir.

Cizelge 4'ten gorulecegi gibi farkli sicakhik
degerlerinde farkli sera tipleri i¢in hesaplanan
maksimum 1s1  glici  gereksinimleri  degisim

gosterirken, 1s1 perdesinin sizdirmazlik durumuna
gére hesaplanan maksimum 1s1 giici degerleri
degisim go6stermemektedir. Batman kogsullarinda
plastik seralar i¢cin maksimum 1s1 giicli gereksinimi
2489 W m? olarak hesaplanmigtir. Serada yan
duvarlarin c¢ift kat plastik orta ile kaplanmasi
durumunda bu deger 233.1 W m2 olmaktadir. Tek kat
camla kapli seralarda maksimum 1s1 gicl
gereksinimi ise 243.4 W m™2 olmaktadir. Cam serada
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181 giicinin tek kat plastikle kapli serada ihtiyag
duyulan maksimum 1s1 giiciinden biytik olmas: 6érti

malzemesi  ylzeyindeki sizdirmazhiklarin  koti

olmasindan kaynaklanmaktadir.

Batman Ili Uzun Yillik Ortalama Sicaklik ve Giinlitk Radyasyon Dederleri

Isitma Bolgesi

Mar,

Kas

Ginliik Toplam Radyasyon, kWh/m2Giin

A-Tum Gun Isitma

B-Gece
Istma

12 14

4 Eki
su/
3
iy :

C-Havalandirma

16

Sogutma Bolgesi

D-Havalandirma

+Sogutma

E-Uretim Yapilamaz

18 20 22

]
ks
ra
-

28 30 32 34 36

Giinlik Ortalama Sicaklik, *C

Sekil 1. Batman ilinin uzun yillik giinlik ortalama sicaklik ve giinliik toplam giines radyasyonu degerlerine
bagli olarak serada alinmasi gereken iklimlendirme 6nlemleri.

Figure 1. Climatization measures to be taken in the greenhouse depending on the long-year daily average
temperature and daily total solar radiation values of Batman province.

Seralarda kullanilan 1s1 perdeleri gerekli olan
maksimum 1s1 glicii gereksiniminde etkili degildir.
Bunun da nedeni giun icinde en yiiksek 1s1 giiciu
gereksinimine perdelerin acildigi  sabahin ilk
saatlerinde ihtiya¢  duyulmasidir. Ancak 1s1
perdelerinin tretim peryodu boyunca ortaya ¢ikan 1s1
gereksinimine etkisi buyiiktir. Catis1 tek kat yan
duvarlar1 c¢ift kat plastik ile kapli serada tretim
periyodu boyunca gereksinilen 1s1 enerjisi 261.1 k€W h
m?2 al (P5) olurken sizdirmazhg iyi olan 1s1 perdeli
serada bu deger 176.1 kW h m™ a'l olmaktadir (P8).
Is1 perdesi, plastik serada, 1s1 perdesinin sizdirmazlik
durumu “koti” ise %8.4, “orta” ise %21.4 ve “iyi” ise
%34.3 oraninda tasarruf saglarken, cam serada ise
sizdirmazlik durumu “kotii” ise %9, “orta” ise %22.8

bbb

ve “iyi” ise %36.7 oraninda tasarruf sagladigi
belirlenmigtir.
Seralarda yapilacak fizibilite hesaplamalarinda

maksimum 1s1 gliciniin hesaplanmasi yaninda sera
kurulacak  yerin  iklimine baghh  yilhk 1s1
gereksiniminin bilinmesi bliyiik 6nem arz etmektedir.
Cizelge 4'ten de goriilecegi gibi Uretim periyodu
boyunca ortaya c¢ikan en yiksek 1s1 enerjisi
gereksinimi plastik serada sicaklhigin giindiiz/gece
16/21 °C’de tutuldugu kogsullarda 281.4 kW h m?2 a!
(P1) olmaktadir. Serada iiretim periyodu boyunca
gereksinilen 1s1 enerjisi serada istenen sicaklik
degerlerine bagh olarak degismektedir. Enerji
tasarrufu  amaciyla gece  sicaklik  degerinin
distrilmesi onemli olctide 181 tasarrufu
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saglayabilmektedir. Batman kosullarinda gece
sicakliginin 2 °C dugtrialdigi serada 1s1 enerjisi
gereksinimi %16 azalarak 237.5 kW h m?2 al (P1)
olmaktadir. Batman iklim kosullarinda cam serada
en yiliksek 1s1 gereksinimi 273.1 kW h m?2 a! (C1)
olmaktadir. Aym sekilde cam serada gece sicaklig1 2
°C diigiiriildiigiinde bu deger 230.4 kW h m2 al (C1)
olmaktadir. Bu durum, cam ve plastik serada 1is1
enerjisi  gereksinim oranminda %15.6 tasarruf
saglamaktadar.

Seralarda 1s1 kaybi, 6rtii malzemesinin gegirgenligine
baglidir. Plastik serada yan duvarda ¢ift kat plastik
kullanilmasi durumunda %7.0, ¢ift kat sert plastik
(16 mm) kullanmilmasi durumunda %9.1 oraninda 1s1
tasarrufu saglanabilmektedir.

Seralarda maksimum 181 glctinin belirlenmesi
kurulacak 1sitma sistemlerinde kullanilacak kazan
kapasitelerinin belirlenmesi igin gereklidir. Ancak
hesaplanan maksimum 1s1 giicii degerlerine yilin kag
saatinde ihtiya¢ duyuldugunun bilinmesi 1sitma
sistemlerinin kapasite tayinlerinde biyik 06neme
sahiptir. Yapilan calismada gatis1 tek plastik ve yan
duvarlar c¢ift kat PC ile kapli orta derecede 1s1
perdesi yalitimina sahip sera i¢in hesaplanmig 1s1
gliici degerleri ve yilin kag¢ saatinde bu degerlere
ihtiya¢ duyuldugu Cizelge 5’te verilmistir.
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Cizelge 4. Batman ili iklim kosullarinda diizenli olarak 1sitilan seralar igin gerekli 1s1 glicli ve tretim periyodu
boyunca ihtiyac¢ duyulan 1s1 enerjisi gereksinimi degerleri.

Table 4. The heat power required for regularly heated greenhouses under the climate conditions of Batman
province and the heat energy requirement values needed during the production period.

Sicaklik 21/16 °C Sicaklik 21/14 °C
Senaryo Maksimum. I§1 Gucu Is1 Ene.arj.isi. Maksimum. I§1 Gucu Is1 Enerfisi Gereksinimi
Gereksinimi Gereksinimi Gereksinimi 2ol
W m kW h m2a'l W m? kWh m*a
C1 273.1 243.4 230.4
C2 248.4 242.2 209.6
C3 943.4 210.7 242.2 179.9
C4 172.9 242.2 150.3
P1 281.4 248.9 237.5
P2 257.7 2417.8 217.2
P3 248.9 221.3 247.8 188.5
P4 184.8 2417.8 159.8
P5 261.1 233.1 219.9
P6 240.1 232.0 201.9
P7 9233.1 208.1 232.0 176.7
P8 176.1 232.0 151.4
P9 255.8 229.0 215.3
P10 235.5 2217.8 197.9
P11 299.0 204.6 227.8 173.6
P12 173.7 227.8 149.2

Cizelge 5. Farkli donanimlara sahip seralarda farkli 1s1 giiciine ihtiyac duyulan siireler (saat).
Table 5. The times required for different heat power in greenhouses with different equipment (hour).

Is1 Giicti Gereksinimi Sicaklik 21/16 °C Sicaklik 21/14 °C
W m?2 Saat (P9) Saat (P11) Saat (P21) Saat (P23)

0 3732 3728 3481 3473
10 3353 3295 3042 2972
20 3101 2951 2801 2651
30 2824 2623 2514 2295
40 2572 2279 2243 1917
50 2296 1913 1957 1572
60 2034 1575 1687 1235
70 1738 1212 1413 925
80 1481 911 1149 629
90 1200 615 906 425

100 954 411 677 301
110 731 287 472 219
120 517 183 328 155
130 347 130 237 113
140 233 90 156 79
150 156 64 107 63
160 99 51 77 51
170 61 30 44 30
180 31 16 21 15
190 16 10 11 9
200 6 5 6 5
210 3 2 3 2
220 2 1 2 1
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Cizelge 5'ten de goriilecegi gibi ¢atisi tek kat PE, yan
duvarlar cift kat PC ile kapl serada (P9) sicakligin
uretim periyodu boyunca glndiiz/gece 21/16°C’de
tutulmak istenmesi durumunda gereksinilen 1s1 giicli
220 W m2 olmaktadir. Ancak ¢izelgeden de goriilecegi
gibi bu 1s1 giiciine yilin sadece 2 saatinde ihtiyag
duyulmaktadir. Serada 160 W m2 1s1 glicine sahip
1sitma sisteminin kurulmasi durumunda yilin sadece
99 saatinde sicaklik istenilen degerlerin altinda
seyredecektir.  Belirtilen nedenle serada 1s1
gereksiniminin %80’in1 karsilayacak ana kazan ve

bitkileri dona karsi koruyacak ikincil bir kazanin
segilerek 1sitma sisteminin planlanmasi daha saglikli
olacaktir.

Seralarda kurulacak 1sitma sistemlerinde fosil enerji
kaynaklarimin  kullanilmas1  durumunda  yakit
depolama kapasitesinin belirlenmesi i¢in aylik 1s1
enerjisi gereksiniminin bilinmesi gereklidir. Yapilan
calismada Batman ili iklim kogullarinda farkh
donanimlara sahip seralarin aylik 1s1 enerjisi
gereksinimleri Cizelge 6’da verilmigtir.

Cizelge 6. Batman ili aylara gore 1s1 gereksinim degerleri (Sicaklik 21/16 °C).
Table 6. Heat requirement values by month in Batman province (Temperature 21/16 °C).

Sera

Is1 Gereksinimi, kWh m2ay!

Tipi  Oca Sub Mar Nis May

Haz

Tem  Agu Eyl Ekm Kas Ara

Sera i¢i sicakligr gindiiz 21 °C, gece 16 °C

C1 76.2 47.9 26.5 15.8 6.0 1.1 0.1 0.0 0.9 9.2 33.5 56.0
C2 69.8 43.9 23.9 14.1 5.5 1.0 0.1 0.0 0.8 8.2 30.3 50.7
C3 60.3 374 20.2 11.7 4.7 0.9 0.1 0.0 0.7 6.9 25.0 42.7
C4 50.8 30.9 16.5 9.3 3.9 0.8 0.1 0.0 0.6 5.7 19.7 34.7
P1 77.6 49.1 27.5 16.7 6.3 1.0 0.0 0.0 0.9 9.7 35.0 57.5
P2 71.5 45.3 25.0 15.0 5.8 1.0 0.0 0.0 0.9 8.8 31.9 52.5
P3 62.4 39.1 21.4 12.6 5.0 0.9 0.0 0.0 0.8 7.5 26.7 44.8
P4 53.3 32.8 17.8 10.3 4.2 0.7 0.0 0.0 0.7 6.3 21.6 37.1
P5 71.7 45.5 25.5 15.5 5.9 1.0 0.0 0.0 0.9 9.1 32.6 53.4
P6 66.3 42.1 23.3 14.1 5.4 0.9 0.0 0.0 0.8 8.2 29.9 49.0
P17 58.3 36.6 20.2 12.0 4.7 0.8 0.0 0.0 0.7 7.1 25.4 42.2
P8 50.3 31.2 17.0 9.9 4.0 0.7 0.0 0.0 0.6 6.0 20.9 35.4
P9 70.2 44.6 25.0 15.2 5.8 0.9 0.0 0.0 0.9 8.9 32.0 52.3
P10 64.9 41.3 22.9 13.8 5.3 0.9 0.0 0.0 0.8 8.1 29.4 48.1
P11 57.2 36.0 19.8 11.8 4.7 0.8 0.0 0.0 0.7 7.0 25.0 41.5
P12 49.5 30.7 16.8 9.8 4.0 0.7 0.0 0.0 0.6 5.9 20.7 35.0
Sera i¢i sicakligi guindiz 21 °C, gece 14 °C
C1 69.3 42.3 20.9 11.3 3.7 0.7 0.1 0.0 0.5 5.8 26.9 48.9
C2 63.4 38.9 18.9 9.9 3.4 0.7 0.1 0.0 0.5 5.1 24.4 44.3
C3 55.2 33.5 16.2 8.4 3.1 0.6 0.1 0.0 0.4 4.5 20.3 37.6
C4 47.0 28.1 13.6 6.9 2.7 0.6 0.1 0.0 0.4 3.8 16.3 30.9
P1 70.6 43.4 21.8 12.0 3.9 0.6 0.0 0.0 0.5 6.2 28.2 50.3
P2 64.8 40.1 19.8 10.7 3.6 0.6 0.0 0.0 0.5 5.5 25.8 45.9
P3 57.0 34.9 17.2 9.1 3.2 0.5 0.0 0.0 0.4 4.8 21.8 39.4
P4 49.2 29.7 14.6 7.6 2.9 0.5 0.0 0.0 0.4 4.2 17.8 33.0
P5 65.1 40.1 20.2 11.2 3.6 0.5 0.0 0.0 0.5 5.7 26.3 46.6
P6 60.0 37.2 18.4 10.0 3.4 0.5 0.0 0.0 0.4 5.1 24.1 42.7
pP7 53.2 32.7 16.1 8.6 3.0 0.5 0.0 0.0 0.4 4.5 20.6 37.0
P8 46.3 28.1 13.8 7.3 2.7 0.5 0.0 0.0 0.4 4.0 17.1 31.3
P9 63.7 39.3 19.8 11.0 3.5 0.5 0.0 0.0 0.4 5.6 25.8 45.7
P10 58.8 36.5 18.0 9.8 3.3 0.5 0.0 0.0 0.4 5.0 23.7 41.9
P11 52.1 32.1 15.8 8.5 3.0 0.5 0.0 0.0 0.4 4.5 20.3 36.4
P12 45.5 27.6 13.6 7.2 2.7 0.5 0.0 0.0 0.4 3.9 16.9 30.9
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Cizelge 6'dan da goraldiga gibi Batman ili
seralarinda Ocak, Subat, Mart, Kasim ve Arahk
aylar1 olmak iizere alt1i (6) ay 1sitma yapilmasi
gerekmektedir. Batman ilinde en yiliksek 1s1 enerjisi
gereksinimi, plastik serada ocak ayinda 77.6 kW h m-
2 (P1, gece sicakligr 16 °C) ve 70.6 kW h m2 (P1, gece
sicaklign 14 °C) olarak hesaplanmistir. Bu deger
ilerleyen aylarda havalarin isinmasina bagl olarak
azalmakta, Nisan ayindan sonra seralarda isitma
gereksinimi ortadan kalkmaktadir. Is1 gereksinim

birine yakin degerler icermektedir. Ocak ayinda her
iki 6rtli malzemeli seralarda 1s1 perdesi kullanilmasi
durumundan 1s1 gereksinim degerinde cam serada
%8.4 (C1,C2), plastik serada %7.8 (P1, P2) tasarruf
saglanmaktadir. Tasarruf oranlar1 sera i¢i gece
sicakhigini 2 °C azaltilmasi durumunda cam serada
%8.5 (C1, C2), plastik serada ise %8.2 (P1, P2) olarak
bulunmustur. Bagka bir ifade ile 2 °C sicakhik
azalmasi cam seradaki tasarruf oranini %0.1, plastik
serada ise %0.4 oraninda arttirmaktadir.

degerleri, cam ve plastik 6rtii malzemeli seralarda bir

Cizelge 7. Batman iklim kosullarinda serada sicakligin giindiiz/gece 21/16°C’de tutuldugu kogsullarda gece
saatleri icin aylik ve yillik toplam 151 enerjisi gereksinimi (kW h m2a)
Table 7. Under Batman climatic conditions, where the temperature is kept at 21/16°C during the day/night in
the greenhouse, the monthly and annual total heat energy requirement for night hours (kW h m2al).

Is1 Gereksinimi, kW h m2a‘!

Sera Tipi Ocak Subat Mart Nisan Kasim Aralik Yallik
Sera i¢1 sicakligr gundiiz 21 °C, gece 16 °C
C1 50.3 34.2 19.3 12.6 28.7 42.6 187.6
C2 44.6 30.3 17.0 11.1 25.5 37.7 166.3
C3 35.1 23.8 13.3 8.8 20.2 29.7 130.9
C4 25.5 17.3 9.6 6.4 14.9 21.7 95.4
P1 52.1 35.7 20.4 13.5 30.2 44.4 196.2
P2 46.6 32.0 18.2 12.0 27.1 39.8 175.7
P3 37.5 25.7 14.6 9.7 22.0 32.0 141.5
P4 28.5 19.5 11.0 7.3 16.8 24.3 107.4
P5 48.8 33.5 19.1 12.6 28.3 41.6 183.9
P6 44.0 30.2 17.2 11.4 25.6 37.5 165.9
P7 36.0 24.7 14.0 9.3 21.1 30.7 135.9
P8 28.0 19.2 10.8 7.2 16.5 24.0 105.8
P9 47.9 32.9 18.8 12.4 27.8 40.9 180.7
P10 43.3 29.7 16.9 11.2 25.2 36.9 163.2
P11 35.6 24.4 13.9 9.2 20.8 30.4 134.3
P12 27.9 19.1 10.8 7.2 16.4 23.8 105.3
Sera i¢i sicakligr gindiiz 21 °C, gece 14 °C
C1 43.4 28.6 13.7 8.1 22.0 35.5 151.4
C2 38.5 25.4 12.2 7.2 19.6 31.5 134.2
C3 30.3 20.0 9.5 5.6 15.5 24.8 105.7
C4 22.0 14.5 6.9 4.1 11.4 18.1 77.1
P1 45.0 30.0 14.7 8.8 23.4 37.2 159.1
P2 40.3 26.9 13.1 7.9 21.0 33.3 142.5
P3 32.5 21.6 10.5 6.3 17.0 26.8 114.9
P4 24.6 16.4 8.0 4.8 13.0 20.4 87.2
P5 42.2 28.1 13.8 8.3 21.9 34.8 149.1
P6 38.1 25.3 12.4 7.4 19.8 31.4 134.5
P7 31.2 20.8 10.1 6.1 16.3 25.8 110.2
P8 24.3 16.2 7.9 4.7 12.8 20.1 85.9
P9 41.5 27.6 13.5 8.1 21.5 34.2 146.5
P10 37.5 24.9 12.2 7.3 19.5 30.9 132.4
P11 30.8 20.5 10.0 6.0 16.1 25.5 108.9
P12 24.1 16.1 7.8 4.7 12.7 20.0 85.5

sicakligin 7-12°C arasinda bulunmasi durumunda,
seralarda sadece gece saatlerinde 1sitma yapmak
yeterlidir (Kittas ve ark. 2013). Yapilan calismada

Seralarda en yiiksek 1s1 enerjisi gereksinimi gece
saatlerinde ortaya c¢ikmaktadir. Gunlik ortalama
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1sitma ihtiyacimin ortaya c¢iktigi aylar igin giindiz
saatlerinde ortaya c¢ikan 1s1 enerjisi gereksinimi
hesaplanmigtir. Batman iklim kosullarinda i¢in gece
saatleri i¢in 1s1 enerjisi gereksinimi hesaplanarak
cizelge 7’de, gindliz saatleri ic¢in ise ¢izelge 8de
verilmistir.

Cizelge 7Tden gorulduga gibi Ocak ayinda gece
saatlerinde en yiiksek 1s1 gereksinimi plastik serada
52.1 kW h m2 (P1), cam serada ise 50.3 kW h m2 (C1)
olarak belirlenmigtir. Is1 perdesi kullanildiginda en
yiksek 181 gereksinimi degeri cam serada 44.6 kW h
m?2 olarak Ocak ayinda (C2), plastik serada ise 46.6
kW h m? (P2) olarak Ocak ayinda hesaplanmistir.
Gece sicakhiginin 2 °C azaltilmasi durumunda ise
gece saatlerinde en yiksek 1s1 gereksinimi plastik

serada 45.0 kW h m2 olarak Ocak ayinda (P1), cam
serada ise 43.4 kW h m?2 olarak Ocak ayinda (C1)
gerceklesmistir. Hesaplamalarda plastik sera 1s1
gereksinimi, cam sera 1s1 gereksinimine goére %3.6
daha fazla ¢gickmigtir.

Cizelge 8de goruldugi gibi 1s1 perdesi gindiz
saatlerinde toplanmis oldugu i¢in 1s1 perdeli ve 1s1
perdesiz durumlar i¢in 1s1 gereksinim degerleri ¢ok az
farklihk gostermektedir. Gilindiiz saatlerinde en
yiksek 1s1 gereksinim degeri cam ve plastik sera igin

259 kW h m? olarak Ocak aymda (C1, P1)
hesaplanmigtir. Gunduz saatlerinde 181
gereksiniminde meydana gelen degismeler yan
duvarda kullanilan farkli 6rtii malzemelerinden
kaynaklanmaktadir.

Cizelge 8. Batman iklim kosullarinda serada sicakligin giindiiz/gece 21/16°C’de tutuldugu kogullarda giindiiz
saatleri icin aylik ve yillik toplam 1s1 enerjisi gereksinimi (kW h m2a'!)
Table 8. Monthly and annual total heat energy requirement for daylight hours under Batman climate conditions
where the temperature in the greenhouse is kept at 21/16°C day/night (kW h m?a?)

Is1 Gereksinimi, kW h m2a’!

Sera Tipi Ocak Subat Mart Nisan Kasim Aralik Yillik
Sera i¢i sicakligi gindiiz 21 °C, gece 16 °C
C1 25.9 13.7 7.2 3.2 4.9 13.4 68.3
C2-C3-C4 25.3 13.6 6.9 2.9 4.8 13.0 66.5
P1 25.5 13.4 7.1 3.2 4.8 13.1 67.2
P2-P3-P4 24.9 13.3 6.8 2.9 4.8 12.8 65.5
P5 22.9 12.0 6.4 2.9 4.4 11.8 60.4
P6-P7-P8 22.3 12.0 6.2 2.7 4.3 11.4 58.9
P9 22.2 11.7 6.2 2.8 4.2 11.4 58.7
P10-P11-P12 21.6 11.6 6.0 2.6 4.2 11.1 57.1
Sera i¢i sicakligr gindiiz 21 °C, gece 14 °C
C1 25.9 13.7 7.2 3.2 4.9 13.4 68.3
C2-C3-C4 24.9 13.5 6.7 2.8 4.8 12.8 65.6
P1 25.5 13.4 7.1 3.2 4.8 13.1 67.2
P2-P3-P4 24.5 13.3 6.6 2.8 4.8 12.6 64.6
P5 22.9 12.0 6.4 2.9 4.4 11.8 60.4
P6-P7-P8 22.0 11.9 6.0 2.5 4.3 11.3 58.0
P9 22.2 11.7 6.2 2.8 4.2 11.4 58.7
P10-P11-P12 21.3 11.5 5.8 2.5 4.2 10.9 56.3
SONUC ve ONERILER acildigr sabahin ilk saatlerinde ortaya ¢ikmasindan

Seralarda 1s1 glici ve 1s1 enerjisi gereksinimi, bolge
iklimine, Orti malzemesine ve enerji tasarrufu
amaciyla kullanilan donanima bagli olarak farklilik
gostermektedir.  Yapilan bu  ¢alismada, 1s1
perdelerinin sizdirmazligina ve o6rti malzemesinin
ozelliklerine bagli olarak cam ve plastik sera ig¢in
saatlik iklim degerleri kullanilarak 1s1 glicli ve tiretim
periyodu boyunca ortaya ¢ikan 1s1 enerjisi gereksinimi
hesaplanmigtir.

Serada kurulacak 1sitma sisteminin kapasite tayini
icin gerekli olan maksimum 1s1 glici 181 perdesine
bagli olarak degisim gostermemistir. Bunun da
nedeni maksimum 1s1 glclinin 1s1 perdelerinin

653

kaynaklanmigtir. Ancak hesaplamalar sonucunda
elde edilen maksimum 1s1 giicline yilin sadece birkag
saatinde ihtiya¢ duyulmasi1 nedeniyle serada tek bir
kazan yerine iki kazanin sec¢ilmesi ve ana kazanin 1s1
gereksiniminin %80’ini, ikincil kazanin ise bitkileri
dona kargi koruyacak kapasitede olmasina dikkat
edilmelidir.

Uretim periyodu boyunca ortaya cikan 1s1 enerjisi

gereksinimi  serada  kullanilan 1s1  perelerinin
sizdirmazhigina bagli olarak degismektedir. Is1
perdelerinin sizdirmazliginin iyl olmasi anlamh

oranda enerji tasarrufuna olanak saglamaktadir.

Yapilan bu calismada, en yiiksek 1s1 gereksinim
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degeri plastik serada (77.6 kW h m2 Ocak ay1, P1)
oldugu gorilmustir. Is1 perdesinin kullanildig:
durumda en yuksek 1s1 gereksinim degeri plastik
serada (71.5 kW h m2 Ocak ay1, P2) hesaplanmistir.
Bu sonuglar 1s1 perdesinin cam serada daha iy1 sonug
verdigini  gOstermistir. Ayrica 1s1  perdesinin
sizdirmazlik durumlarinda en 1iyi sonu¢ “iyi”
durumunda ortaya ¢ikmigtir.

Sonug¢ olarak Batman ili i¢in modern seralarda 1isi
gereksinim maliyetinin en diisiik degerde olmasi i¢in
seralarda ortii malzemesi olarak cam malzeme
kullanilmas1 oOnerilmektedir. Bununla birlikte 1s1
gereksinim maliyetini azaltmak i¢in serada, 1s1
perdesi uygulamasinin yapilmasi kesinlikle
onerilmektedir. Ayrica plastik sera yapilmasi
durumunda, yan duvarlarda kesinlikle tek kat plastik
kullanilmamasi bunun yaninda ya ¢ift kat plastik ya
da c¢ift kat sert plastik (16 mm) kullanilmas:
onerilmektedir.

Ayrica Batman ili i¢in Cizelge 2’de verilen jeotermal
enerji potansiyelinin seralarda kullanilmasi
durumunda boélgede seracilik faaliyetleri rahatlhikla
yapilabilecek ve bolge ciftcisinin Urettigi Urtinlerle
pazarda rekabet edebilmesi saglanabilecektir.

Aragtirmacilarin Katk: Orani Beyan Ozeti

Yazar(lar) makaleye esit oranda katki saglamis
olduklarini beyan eder.

Cikar Catigmas1 Beyan1

Makale yazar(lar)1 aralarinda herhangi bir cikar
catismasi olmadigini beyan ederler.
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ABSTRACT

The present study investigates how grain prices have been affecting
food inflation in the wake of the recent pandemic and the ongoing
Russia-Ukraine conflict. This study examines the effects on inflation
of the limitations on exports of wheat, barley and corn products by
Russia and Ukraine on the food inflation in Asia and North Africa by
using cointegration test. Drawing upon monthly data from the
2000:01-2020:08 period, the study reveals that the food price index
and grain prices in both Asia and North Africa are cointegrated in
the long term, and that in both country groups wheat price increases
in particular are triggering an increase in food prices.
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Tahil Fiyatlarimin Gida Enflasyonu Uzerindeki Etkisi: Rusya-Ukrayna Catigsmasinda Ileriye Yénelik

Bir Degerlendirme

OZET

Bu calismada son donemde yasanan Pandemi ve Rusya-Ukrayna
catismas1 odaginda hububat fiyatlarinin gida enflasyonunu nasil
etkiledigi arastirilmistir. Bu amacgla Rusya ve Ukrayna’nin en fazla
ihrac ettigi bugday, arpa ve misir Uriinlerinin Asya ve Kuzey Afrika
ulkelerinin gida enflasyonu tzerindeki etkileri esbiitiinlesme testi ile
incelenmigtir. Calismada 2000:01-2020:08 doénemi ayhk veriler
kullanilmigtir. Elde edilen bulgulara gére, hem Asya hem de Afrika
ulkelerinin gida fiyat endeksi ile hububat fiyatlar1 uzun dénemde
esbiitiinlesik ¢ikmiglardir. Ozellikle bugday fiyat artiglar1 her iki
ulke grubunda da gida fiyat artisim1 yukar: yonli tetiklemektedir.
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INTRODUCTION situation exasperates the already insufficient grain

Global economies, including those of developed
nations, have entered an inflationary process that
does not seem likely to regress in the near future.
While there are many factors contributing to this, two
in particular stand out: food prices and energy prices.
The increase in food prices since 2000 has been driven
by five main agricultural commodity groups, one of
which is grain products, the gradual decrease in the
global supply of which has forced food prices upwards.

The Russia-Ukraine conflict that broke out in
February 2022 has led to an increase in the price
particularly of grain products. These two countries
hold an important place in the global trade of some
grain products, being responsible, for example, for
some 30 percent of the global wheat exports, and this

reserves around the world, forcing prices upward.

The present study investigates the effect of grain
price increases on food inflation, and looks for an
answer to the question of how the recent pandemic
and the Russia-Ukraine conflict will reflect on grain
prices and inflation in the future. To this end, the
first part of the study evaluates the effect of food
prices on inflation since 2000, followed in the second
part with a discussion of the effects on grain prices of
the COVID-19 pandemic and the 2022 Russia-
Ukraine conflict. After reviewing existing literature
addressing this issue, the effect of grain prices on food
inflation in Asia and North Africa is analyzed
econometrically with time-series tests, and the
obtained results are interpreted and suggestions are
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presented in the final section.

Reflection of The Increase in Food Prices After 2000
on Inflation

Global food prices have witnessed a rise in volatility
since 2000 that has been attributed to four main
factors  (Mittal, 2009:3): stalled agricultural
production growth, decreased global grain stocks,
rising energy prices and increasing demand from
emerging economies.

The rise in global food prices is depicted in Figure 1,
in which it can be seen that nominal food prices
witnessed a sharp rise in the 1970s. After following a
calmer upward trend until the 2000s, a further rapid
increase was seen in 2003, and the nominal increase
in food prices in 2008 and 2011 reached a 30-year
high. The World Food Price Index increased by
109.3% in the 2003-2011 period (Caskurlu, 2011),

with strong price increases witnessed particularly in
oils and fats, as well as grains. The price indices for
these commodity groups in March 2008 were almost
triple of those seen in the 1998-2000 period
(UNCTAD, 2008).

The 2020 pandemic period created a shock in the
commodity markets by affecting both supply and
demand. When compared to other sectors, the
agricultural commodity group was the least affected
by the pandemic, with the only commodity in demand
at the time being agricultural stock due to the severe
limitations on outdoor mobility imposed around the
world for 3-6 months. The agricultural commodity
group is considered to be affected in terms of
agricultural products and transportation costs used in
industry and biofuels during the pandemic (Rajput et
al. 2021).

FAO Food Price Index in nominal and real terms

Nominal

* The real prce indlex is the nominal price index deflated by the YWork] Bank Manufactures Unit Value Incex (MUY

Figure 1° Nominal and Real World Food Price Index
Sekil 1°: Nominal ve Reel Diinya Gida Fiyat Endeksi
Source: FAO, https://www.fao.org/worldfoodsituation/foodpricesindex/en/, accessed on 04.28.2022

It is stated that the changes that occurred in the
supply and demand of agricultural products were
attributable to such factors as the increase in
droughts and floods brought on by climate change,
and led to an increase in food prices after 2000 (Ott,
2014). In addition to this, the doubling of the prices of
the energy-intensive components of production,
including fertilizers and fuel, between 2002 and 2007,
increased production costs (Mittal, 2009) and caused
a decrease in agricultural production. The situation
was made worse by the increase in both the demand
and prices of such products when grain became a
source of energy with the use of agricultural products
in biofuel production. High crude oil prices and new
energy and agricultural policies, i.e. biofuel mandates
in the United States and the European Union, have
led to a partial integration of the agriculture and
energy markets (Ott, 2014). After 2020, new reasons
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for the rise in food prices were added to the problems,
including the pandemic, sanctions between countries,
problems in the supply chain and imbalance in
supply-demand.

The United Nations Food and Agriculture
Organization (FAO) announced in March 2022 that
the food price index had reached its highest level in
the last 30 years. According to FAO data, the food
price index increased by 17.9 points (12.6%) to reach
159.3 in March 2022 over the February figure, while
the grain price index — one of the factors contributing
to the food price index — increased by an average of
170.1 points in March, by 24.9 points (17.1%)
compared to February, reaching its highest level on
record since 1990. The increases were blamed on the
interruptions to exports brought about by the
Ukraine-Russia  conflict (FAO, 2022, https:/
www.fao.org/ worldfoodsituation/foodpricesindex/en/).
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An important characteristic of agricultural prices is
the sharp fluctuations they experience over time
when compared to non-farm prices, as in agricultural
production supply cannot adapt immediately to
changes in demand. Furthermore, flexibility in the
demand for most agricultural products is so low that
a small change in supply while demand remains
constant or a small change in demand when supply
remains unchanged can lead to a large change in
prices (Sasmal, 2015:31).

The share of food products in the consumer’s basket is
larger in developing countries than in developed
countries, with food expenditures in developing
countries representing approximately 60—80 percent
of consumer expenditures (UNCTAD, 2008), and so
crises related to food products have a stronger effect
on developing countries. The recent rise in food prices
thus affected developing countries the most,
particularly those with low-income food deficits
(Maros & Martin, 2008).

World Grain Analysis and The Effects of The
Ukraine-Russia Conflict

The total global grain production in 2021/22 is
estimated to have reached a record level of 2.287
million tons, corresponding to an annual increase of
3%, and this increase has been attributed to an

Table 1. Global Grain Figures (million tons)
Cizelge 1. Diinya Hububat Bilgileri (milyon ton)

increase in corn production. According to
International Grains Council (IGC) data, a recent
increase in the IGC Grains and Oilseeds Index (GOI)
in March 2022 reached to the highest level in its 22-
year history. It is claimed that the damage to logistics
and infrastructure linked to Russia’s military action
in Ukraine will have immediate and potentially long-
term consequences on the global trade of grain and
oilseed, and the supply to such sensitive areas as
Africa, the Near East and Asia (IGC, 2022a). When
the conflict in the Black Sea region is taken into
consideration, it has been estimated that the global
grain supply will shrink by 1%, despite the increase
in production. It is further claimed that total grain
production will decrease by 13 million tons in
2022/23, predominantly due to decreases in the
production of corn, wheat and sorghum (IGC, 2022b).
World grain information is shown in Table 1, 2.

Russia and Ukraine are among the leading producers
of agricultural commodities such as barley, wheat and
corn in particular in the world. Russia and Ukraine
together account for approximately 30% of global
wheat exports, 20% of corn, mineral fertilizers and
natural gas, and 11% of oil (OECD, 2022a). In 2021,
they were among the world's three largest global
exporters of products such as wheat and corn.

2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 2021/22* 2022/23*
Production 2.092 2.058 2.187 2.142 2.139 2.185 2.221 2287 2275
Consumption 2.045 2.013 2.126 2.152 2.164 2.190 2.236 2281 2302
Trade 322 346 353 369 364 395 427 416 407
Stock 553 598 658 648 625 617 601 608 581
Source: IGC, https://w.ww.igc.int/en/gmr_summary.aspx#
*Estimated values.
Table 2. World's Largest Wheat Exporters and Importers (Thousand tons)
Cizelge 2. Diinyanin En Biiyiik Bugday Ihracatcilar ve Ithalatgilar: (Bin ton)
Exporter Countries Export season Importer Countries Import season
2021-2022 2022-2023* 2021-2022 2022-2023*
Russia 33.000 39.000 Indonesia 11.000 11.200
EU 31.000 36.000 Egypt 12.000 11.000
Australia 27.000 25.000 Turkiye 9.300 10.000
Canada 15.500 24.000 China 9.700 9.500
USA 21.750 21.000 Algeria 7.800 7.900
Argentina 16.000 14.000 Bangladesh 7.500 7.500
Ukraine 19.000 10.000 Morocco 5.200 7.000
Kazakhstan 7.000 8.000 Nigeria 6.200 6.500
India 10.000 8.000 Philippines 6.300 6.300
Tirkiye 6.500 6.750 Iran 7.200 5.500

Source: US Department of Agriculture
*Estimated figures.
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The above table shows the world's largest exporters
and importers of wheat for 2021, with Russia and
Ukraine ranking 1st and 7th respectively. The leading
importer countries are in Asia and Africa.

The conflict that broke out between Russia and
Ukraine at the beginning of 2022 has raised concerns
regarding the harvests of these products, meaning
export quantities are uncertain. The inability to get to
their fields to harvest their crops may result in
decreased  productivity, restricted agricultural
production and, subsequently, a global supply deficit.
This shortfall in supply is bringing about a rise in the
prices of commodities in which the two countries have
an important export share, and the magnitude of this
rise will be determined by the supply elasticities of
the alternative suppliers, and the relative demand
elasticities of the commodities. It is expected that this
situation will also trigger an increase in food and
fertilizer prices attributable to the 2020 COVID-19
pandemic. According to FAO estimations, the increase
in the prices of the commodities that are exported by
the two countries may increase the global supply gap
of food and feed prices by 8% to 22% (FAO, 2022b).

The agricultural sector is labor-intensive, and has
high energy demands in developed regions, directly
through its use of gas, fuel and electricity, and
indirectly through the wuse of such agricultural
chemical products as fertilizers and pesticides. When
considered from this point of view, the conflict in
which Russia is engaged has also triggered rises in
energy prices, given its important contributions to the
energy market, and these high energy prices lead to
high input prices, and consequently, to increases in
food prices.

The impact of the conflict differs from region to region
and from country to country. In particular, the
European countries with borders with Russia and
Ukraine and those with close economic relations are
more affected. Explanatory simulations show that
global inflation may increase by close to 2%
percentage points in the first full year following the
onset of conflict (OECD, 2022b), as depicted in Figure
2.

LITERATURE

The relationship thought to exist between
agricultural prices, food prices and the consumer
price index is also supported statistically. Since food
prices have a significant share in inflation, they have
been the subject of many academic studies. In
addition to the studies of how food prices affect
inflation, there are also studies taking oil prices and
exchange rates into account, and studies evaluating
food prices more specifically and clarifying the
relationship between grain prices and inflation.
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B Russia domestic demand + financial shocks
m Commodity prices
@ Total

%
3.0

Euro area OECD United World World
States excluding
Russia

Figure 2. Impact on inflation in the first full year
Sekil 2. Ilk tam yilda enflasyon tizerindeki etkisi
Source: OECD, 2022b: 7

Akgelik and Tuger (2015) investigated the
relationship between grain prices and domestic prices
through a VAR analysis of the Turkish context, and
noted that a 10 percent increase (decrease) in grain
prices resulted in an average increase (decrease) of
0.084 points in consumer inflation.

Furceri et al. (2016) analyzed the effect of global food
prices on domestic inflation on a large group of
developed and developing countries, and concluded
that a 10% increase in global food prices would lead to
an increase in domestic inflation in developed
economies by approximately 0.5 percentage points a
year later. They found this effect to be greater in the
period prior to 1980, as after 1980 the magnitude of
the effect dropped to 0.25% and its permanence
decreased, with no effect remaining one year later.
They attributed this situation to the absence of
significant food shocks in the 1980s and 1990s, the
decrease in the share of food in the consumption
basket, changes in the structure of economies (such as
greater wage flexibility preventing a wage-price
spiral), and the increase in the credibility of monetary
policy to overcome changes in inflation expectations
as a result of unexpected increases in inflation due to
events such as food price shocks. They also analyzed
the differences between developed and developing
countries by using a second dataset, and concluded
that global food price shocks have a much greater
effect on the developing economies than on developed
economies that they attributed to the high share of
food in the consumption baskets of developing
countries and the low reliability of implemented
monetary policies.

Kaltalioglu and Soytas (2011) discussed the increase
in food prices and the relationship with oil prices, and
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concluded that the recent increase energy demand
may have an effect on the price of food products used
in energy generation and the price of oil, but reported
that oil prices are not linked to food prices.

In their study, Lee and Park (2013) made a
comprehensive evaluation of the transfer of global
food prices and volatility to national food prices and
their volatility in the 2000—2011 period. The obtained
findings revealed that higher economic growth rates,
the appreciation of the local currency, greater
political stability and higher income levels lead to
lower inflation in domestic food prices.

Tule et al. (2019) reviewed the role of agricultural
commodity prices in the forecasting model of inflation
in Nigeria, both theoretically and methodologically,
and concluded that agricultural commodities were
better able to forecast both headline and food inflation
than the Random Walk theory, being the reference
model for forecasting for inflation literature.

Ciner (2011) studied both simultaneous and causal
connections between commodity prices and consumer
inflation between 1983 and 2010, and determined a
long-term causal relationship between the two.

Varlik and Yesil Balikcioglu (2021) studied the effect
of food prices on inflation in the fragile five countries,

Table 3. Explanation of Variables
Cizelge 3. Degiskenlere Ait Agiklamalar

adopting a dynamic and static panel data analysis
approach to the assessment of the 2013—2020 period.
The Fragile Five countries have determined that the
transition effect from the FAO food price index to the
FAO consumer price index is 22%, based on the static
panel findings, and 18% according to the Arellano-
Bond dynamic panel findings.

Nazlioglu and Soydas (2012) studied the relationship
between the prices of 24 agricultural commodities and
the oil and dollar exchange rates, and carried out
panel cointegration and causality tests based on
monthly data from between 1980 and 2010. They
reported the effect of oil prices on agricultural
commodity prices to be strong, and that an increase in
oil prices led to an increase in domestic agricultural
commodity prices in globally integrated markets.

Jalil and Zea (2011) investigated the effect of
international food-price shocks on local inflation in
Brazil, Chile, Colombia, Mexico and Peru after 2000.
Carrying out an impulse-response analysis using a
cointegrated VAR approach, they determined that it
takes between one and six quarters for international
food inflation shocks to spur domestic headline
inflation, depending on the country.

Abbreviation Name of the variable

Source

Wheat Global wheat price

Corn Global corn price Word Bank Commodity Price Data (The Pink Sheet)
Barley Global barley price

01l Crude oil price

Africa Food price index of North African countries

Asia Food price index of Asian countries FAOSTAT

MATERIALS and METHODS the model as an important cost item in agricultural

Fluctuations in agricultural commodity prices were
observed after 2000, and the fluctuations in grain
prices spurred by the 2008 global food crisis continued
into the 2020 COVID-19 pandemic and the 2022
Russia-Ukraine  conflict  period. This  study
investigates the effect of grain-price increases on food
inflation, analyzing the effect of changes in the prices
of selected grain products! on food inflation in the
North African and Asian nations that are Russia and
Ukraine’s largest grain export markets through the
adoption of a time-series approach based on monthly
data from the 2001:01-2020:08 period.Price of oil,
which 1s export product of Russia, is also included in

! Wheat, barley, corn, rice, rye and oats are included in the
Grain group. In the present study, the most exported grain
products of the two countries (barley, wheat and corn) were
taken into consideration to understand the effects of the
Russia-Ukraine conflict.
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production. Two separate models have been created
for the Asian and North African country groups, and
the logarithms of all variables have been taken and
added to the model. Explanations of the variables are
provided in Table 3.

In a time-series analysis, a stationarity test should
first be performed. Stationarity is expressed for
situations in which there is fluctuation around a fixed
mean and where the variance of the fluctuation
remains constant, particularly during the time
(Seviiktekin and Nargelegekenler, 2010). In time
series that are not subjected to a stationarity test, a
spurious regression problem may occur, confusing the
relationships between variables (Granger and
Newbold, 1974). The unit root test applied to the
series 1s presented in Table 4.

In the study, an ADF unit root test was applied to
test the stationarity of the variables. According to the
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test results, all the variables aside from the Asian
food price index contain a unit root in the level value,
and so the variables are not stationary. A finding the
difference process was applied to make the series
stationary, and the series became stationary at the
first difference I (1).

Table 4. ADF Unit root test
Cizelge 4. ADF Birim kok testi

Before moving on to the cointegration analysis, a VAR
model was established and tested to ascertain
whether or not it satisfied the stability conditions. For
this reason, the VAR model was first established and
the length of the delay was determined. The optimum
length of the delay is presented in Table 5.

Variables ADF unit root test

No. of observations: 236 1(0) 1(1)

Wheat t-statistics -2.531130 -11.80522
Prob 0.1096 0.0000%

Barley t-statistics -1.963361 -10.45917
Prob 0.3030 0.0000%

Corn t-statistics -1.980689 -11.68983
Prob 0.2953 0.0000%

Oil t-statistics -2.695147 -10.30153
Prob 0.0765 0.0000*

Africa t-statistics -2.719461 -17.01066
Prob 0.0722 0.0000*

Asia t-statistics -3.206628 -
Prob 0.0208

Table 5: Determining the Length of Delay

Cizelge 6. Gecikme Uzunlugunun Belirlenmesi

Delay FPE AIC SC HQ Autocorrelation LM test result

VAR: Africa

1 1.83e-11 -10.53484 -10.08361* -10.35279 0.0875

2 1.38e-11* -10.81523* -9.987973 -10.48146* 0.2371

3 1.47e-11 -10.75204 -9.548761 -10.26655 0.2180

VAR: Asia

1 1.76e-09 -8.807483 -8.506663* -8.686111 0.0775

2 1.47e-09* -8.984286* -8.442810 -8.765817* 0.3509

3 1.56e-09 -8.928873 -8.146741 -8.613306 0.7980

As can be understood from Table 5, among the four
information criteria, FPE, AIC and HQ show a length
of the delay of two. The detected length of delay
should provide for all known assumptions of the error
term (Tar1, 2011). VAR (2) was established and tested
for compliance with the characteristic polynomial
roots and autocorrelation stability conditions. All
inverse roots were located inside the circle (Annex 1),
and no autocorrelation issue was identified in the
model. The results of the autocorrelation test are
presented in Table 5.

Cointegration refers to the statistical presentation of
the long-term relationship between economic
variables. Whether or not a long-term relationship
exists between two or more non-stationary variables
depends on the cointegration state of the variables. A
cointegration analysis is based on the assumption
that there may be a long-term relationship between
the series, even in non-stationary cases, and this
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relationship can be in a stationary structure in which
the variables are in equilibrium and act together in
the long-term. The Johansen cointegration test is
preferred, as there may be more than one
cointegration relationship when there are more than
two variables, and more than one cointegrated
situation may be revealed among the variables by
developing a multi-equation approach (Seviiktekin &
Nargelecekenler, 2010). Studies conducted to date
have shown that the dJohansen cointegration
technique provides stronger results than other
methods in cases where there are more than two
variables in the model (Gonzalo, 1994).

The results of the Johansen cointegration test applied
to the series are presented in Table 6, revealing a
cointegration relationship between the variables in
both models. Liitkepol et al. (2000) reported the
powers of the Eigenvalue and Trace tests to be close
to each other, although in some cases the Trace test is
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superior, indicating the existence of a long-term
relationship between variables.

The cointegration vector data are presented in Table
7. There are two different interpretations of the long-

Table 6. Johansen Co-Integration Test Results
Cizelge 6. Johansen Es Biitiinlesme Test Sonuglari

term equation. While the coefficients obtained from
the equation are interpreted in some studies, only the
sign of the coefficients is interpreted in others
(Juselius, 1999).

Trace statistic Prob Max-Eigen Statistic Prob
Africa
r=0*  77.21627 0.0479* 38.11834 0.0194*
r<1  39.09793 0.5161 15.44527 0.7848
Asia
r=0*  64.41064 0.0046* 37.04369 0.0033*
r<1 27.36696 0.2707 13.99012 0.4629
r=0*  Trace statistic Critical value 76.97277 Max-Eigen Statistic Critical value 34.80587
r<i1 54.07904 28.58808
The * sign indicates that it is significant at level 5%.
Table 7. Normalized Co-integration Coefficients
Cizelge 7. Normalize Edilmis Esbiitiinlesme Katsayilari
Barley (-1) Wheat (-1) Corn (-1) 0il (-1) VECM
Africa (-1) -11.85367 -144.7113 85.77981 30.10903 -0.001874
(17.5050) (23.9359) (22.1979) (10.2975) (0.00089)
[-0.67716] [-6.04579]* [3.86433]* [2.92391]* [-2.10148]**
Asia (-1) -0.866121 -10.02924 6.026312 1.394536 -0.033371
(0.98852) (1.34086) (1.25633) (0.57949) (0.01472)
[-0.87618] [-7.47973]* [4.79676]* [2.40648]** [-2.26682]**

Note: Values in brackets give standard deviations, and the values in square brackets give t statistical values. *
indicates significance at a 1% level. ** sign indicates significance at a 5% level.

The long run equation can be written as:

Africa = 11.85 Barley + 144.71 Wheat - 85.77 Corn —
30.10 Oil

Asia = 0.86 Barley + 10.02 Wheat -6.02 Corn — 1.39
Oil

Considering the normalized long-term equations:

-The African food price index is effected positively by
wheat and barley prices, and negatively by corn and
oil prices. The sign of the barley and wheat
coefficients was consistent with expectations, and the
coefficient of wheat was found to be statistically
significant. Although the coefficient of corn and oil
prices was found to be significant, the sign was
opposite to what was expected. The variable that
most affects the African food price index was found to
be wheat price.

-The Asian food price index is effected positively by
wheat and barley prices, and negatively by corn and
oil prices. The sign of the barley and wheat
coefficients was consistent with expectations and the
coefficient of wheat was found to be statistically
significant. Although the coefficient of corn and oil
prices was found to be significant, the sign was
opposite to what was expected. The variable that
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most affects the Asian food price index was found to
be wheat price.

After a long-term analysis, error correction models
were estimated with the dependent variables being
the food indexes of Asia and Africa, in order to assess
the short-term dynamics among the variables. The
presence of deviations from the long-term equilibrium
and how dewviations converge to the means in each
period are being investigated. The VECM (Vector
Error Correction Model) estimation results are
presented in Table 7.

For the VECM model to be significant, the coefficient
of the error term should be negative and statistically
significant. The statistical significance of the
coefficient indicates the presence of deviations, while
its negative sign indicates the operation of the error
correction mechanism and the convergence of
deviations towards the long-term value. The value of
the coefficient indicates the rate at which short-term
imbalances can be corrected after a certain period
(Tar1, 2011:435). The ECT(-1) coefficient is found to be
-0.0018 for the food price index of Africa and -0.0333
for the food price index of Asia. The error term
coefficients are found to be both negative and
statistically significant as desired. This situation
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indicates that the error correction mechanism is
operating in our model and deviations are converging
towards equilibrium.

CONCLUSION

The present study assesses the effect of grain prices,
which have contributed significantly to the increase
in food prices in recent times, on food inflation. It
further seeks an answer to the question of how the
recent pandemic and the Russia-Ukraine conflict will
be reflected in grain prices and inflation. To this end,
the influence of three grain products exported by
Russia and Ukraine on food inflation in Asia and
North Africa were examined with a cointegration test,
making use of monthly data for the 2000:01-2020:08
period. Russia and Ukraine’s contributions to the
global grain sector consist primarily of barley, wheat
and corn, leading to their selection as the focus of the
present study. The scope of the study was restricted
to North African and Asian countries due primarily to
their import of grain from the two countries, making
them the countries that will be most affected by
disruptions in the supply chain.

The application of the Johansen cointegration test
revealed grain products and the food price index of
the countries to be cointegrated in the long-term.
When the obtained results are evaluated, wheat
prices can be seen to have a positive effect on food
inflation in Asian and North African countries.
Consequently, increases in wheat prices increase food
inflation in the country groups, and the grain product
that mostly drives food inflation is wheat. While
increases in barley prices have a positive effect on
food inflation in the countries, the difference is not
statistically significant. Increases in corn prices, in
contrast, have a negative effect on food inflation in
the country groups, which can be attributed to the
fact that the countries covered in the analysis import
wheat rather than corn from Russia and Ukraine.
Furthermore, the increases in oil prices have a
negative effect on food inflation in the country groups,
and this statistically significant result can be
attributed the low dependence of Asian and African
countries on oil and the limited oil trade with Russia.

Under the effects of the Ukraine-Russia conflict,
imports of basic food products have decreased and
energy prices have increased, with a knock-on effect
on other costs and prices. While some countries have
sought to obtain similar products from different
countries, the higher transportation costs of
alternative suppliers and the different quality of the
obtained products expedite the increase in food prices.
Food prices have risen as an effect of the pandemic,
and as a result of the Russia-Ukraine conflict. The
increase in the prices of products such as wheat,
barley and corn, which have already reached a certain
level, is a greater issue in low-income countries where
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the share of food in consumption expenditures is high.
Based on the results of the empirical analysis, it can
be said that food price increases will continue in the
future in line with the rising prices of grain. To
address the issue, Tirkiye is involved in a grain
corridor project in a bid to secure the transportation
of grain products to the required regions. This project
that will mitigate the supply issue to a certain extent,
and can be expected to have a positive effect on food
prices.
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ABSTRACT

Coconut is an important crop with numerous economic uses.

Agricultural Economy

However, it is not clear how coconut production has performed Research Article

overtime considering policy inconsistencies within the Nigerian

agricultural space. The study therefore measures growth rates, Article History

patterns of growth, sources of production growth and instability from Received :20.06.2023
a policy standpoint centered on the Structural Adjustment Accepted 116.10.2023
Programme (SAP). Data used for the study covers 1961 — 2017,

broken into three sub-periods. The findings reveal slow and stagnant Keywords

pace of growth across the Pre-SAP, SAP, post-SAP periods. To this Coconut

end, in a bid to reverse this trend, the study recommends investment Decomposition

Growth rate
Growth pattern
Instability

in the coconut sector from government and private sector as well as
providing favourable long-term land leases. There is a further need
to address research and innovation in the coconut ecosystem, support
input suppliers, strengthen marketing and transportation
opportunities, and provide training on maintenance and protection of
coconut from diseases and adverse environmental conditions. In
addition, there is need to manage post-harvest losses through proper
bagging and packaging which ultimately will enhance processing
coconut into a variety of consumer products. These initiatives should
accelerate the growth performance of coconut considering the
immense benefit coconut offers.

To Cite: Antia-Obong, EA., Eno, WC., & Obot, AP (2024). Analysis of Coconut Production Trends under Three Policy
Phases in Nigeria. KSU J. Agric Nat 27(3), 665-673. DOI: 10.18016/ ksutarimdoga.vi.1309549.
INTRODUCTION

Coconut is a perennial crop that is mostly grown in
tropical regions. According to FAO (2021) the largest
producer of Coconut in the world by 2019 was
Indonesia and on the African continent, Tanzania
ranked 1st position, followed by Ghana, Mozambique
and Nigeria. Global coconut products were valued at
$12billion in 2018 and the market was expected to
grow at a compound annual growth rate of 13.6 %
valued at $31 billion by 2026 (Research & Markets,
2019). This increase is driven by the food, health and
cosmetic attributes of coconut that is in high demand
by industries producing coconut water, coconut flour,
coconut milk, coconut oil and coconut chips amongst
others. Also, coconut has been finding new markets in
baby soaps and creams as an enhancer for dry skin
and eczema because of its soothing properties
(Iftikhar, 2020). Thus, coconut products are perceived
as natural alternatives for the health and lifestyle
conscious consumers; and these segments of
consumers continue to grow globally as more
awareness is created on natural alternatives to
chemically processed foods, drinks and body lotions.

According to Voice of Nigeria (2021), the Nigerian
coconut market could be worth over $6 billion and the
possibility of harnessing more value from the crop can
easily be achieved due to the many economic uses
derived from the crop. However, coconut potential is
still not fully tapped, considering that virtually all
parts of the crop are of economic value. Furthermore,
compared with rice and oil palm, coconut producers
receive little attention from government (Izuaka,
2020). In addition, despite the increasing importance
of coconut, there is no research institute that is
majorly dedicated to coconut which is not the case for
oil palm, cereals and rubber that have dedicated
research institutes. At best, coconut is grouped into a
general research pool with no clear attention given to
the crop; as such there is still no clear policy
direction on coconut development in Nigeria.

These challenges require a refocus on coconut
considering the huge market potential the crop
provides. To this end, there is need to understand the
trends (changes) in coconut production from a policy
standpoint since these insights are likely to show
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production patterns and help direct policy to where
improvements can be made.

Growth rate, patterns of growth, sources of
production growth and instability are indicators used
to capture trends. Accordingly, growth rates are an
important means of assessing the production
performance of an agricultural commodity or
commodities within the geographical boundaries of a
country or region over a period of time (Kalidas, et al,
2020). This performance can occur at a positive
(increasing) or negative (decreasing) rate; it therefore
serves as a pointer to the general ‘production health’
of the commodity in question. However,, the growth
rate alone does not indicate the pattern or pace of
growth. Sadiq, et al, (2020) note that the pace of
growth can take any of the following patterns:
acceleration (rapid growth), deceleration (slow
growth) and stagnation (inertia). Acceleration implies
positive and statistically significant growth, while
deceleration means negative and statistically
significant growth. Conversely, stagnation can be
either negative or positive but no statistically
significant growth.

Furthermore, production growth due to the yield
effect is desirable instead of the effect of area, since
production is achieved by using less land. In addition,
instability in production is a pointer to price
fluctuations, which causes 1inconsistent and
undesirable returns to farmers. Therefore, a stable
production environment is a desirable outcome.

The prevailing policy environment at the time more
often than not drives these outcomes, since changes in
growth rates do not just happen by chance. Therefore,
in the context of this study, the agricultural policy
environment in Nigeria is used as a measure to
capture the performance of coconut in a bid to identify
policy periods that enhanced positive outcomes in
coconut production, area and yield.

The Pre-Structural adjustment programme [hereafter
referred to as SAPl, SAP and Post-SAP periods are
used as basis for delineating the policy periods. While
these policy periods appear to be distinct, they
overlap, as it is impossible for a policy regime to not
stretch beyond the defined demarcations set out in
the study. Nevertheless, these demarcations
overwhelmingly capture policies that dominate a
period which justifies the use of Pre-SAP, SAP and
Post-SAP.

For the Pre-SAP period which covers a space of 25
years (1961-1985) saw the independence of Nigeria
from British rule and was also a period that
agriculture was the main stay of the Nigerian
economy as exports of cash crops formed the bulk of
foreign exchange earnings. This period witnessed a
civil war Dbetween 1967-1970, the attendant
difficulties of importing due to a war further led to
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stronger emphasis on agriculture. However, by the
mid to late 1970’s the oil industry started displacing
agriculture as the major foreign exchange earner and
with this came the gradual neglect of the agricultural
sector. Notwithstanding, the pre-SAP period
witnessed agricultural reforms particularly the direct
involvement of government in agriculture through
price and non-price mechanisms; such as the use of
marketing boards responsible for fixing guaranteed
minimum prices that ensured ready markets for
farmers. Furthermore, the imposition of trade
barriers (tariffs, ban, and quota) discouraged imports,
which ultimately encouraged domestic agricultural
production (Edeme, et al, 2020). Extensive use of
input subsidies was prevalent during the period and
this further cemented government involvement in the
sector.

The SAP policies generally covered the years 1986-
1998 and were broadly centred on deliberately
integrating Nigeria into the global capitalist world.
To accomplish this, it entailed liberalizing the
economy through the removal of trade restrictions
and the promotion of open borders for trade In
addition, price control was removed, by so doing,
government withdrew from the price controlling
mechanism to allow market forces operate.
Furthermore, SAP policies emphasized removal of
input subsidies in a bid to align with the ideals of a
free market economy.

The post-SAP period heralded the present democratic
dispensation and is a mix of both pre-SAP and SAP
policies and was aimed at sieving the best from both
policy periods. Accordingly, import protection on most
agricultural products was reintroduced. SAP policies
also welcomed government intervention in agriculture
in the area of input subsidies, single digit interest on
government backed credit schemes such as anchor
borrower’s schemes; these measures offer some level
of protection as well as competitiveness to farmers.

At present, it is not clear how coconut production has
performed overall and in each policy period because
the varied policy measures are likely to influence the
growth and development of coconut. From a policy
standpoint, Antia-Obong (2019) acknowledges that
growth and development rarely occur by chance, but
are often driven by policies aimed at achieving
increasing growth and development overtime. By
implication, agricultural policies are intended to
influence positive growth in production; however this
is not always the case.

Accordingly, the general objective of the study is to
examine the trends in coconut area, production and
yield in a bid to identify the periods where coconut
yield and production experienced increasing and
accelerated growth alongside periods with stable and
expanding yield contribution to production. By so
doing, policy periods that support these measures can
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be recommended. The study therefore has the
following specific objectives:

To determine the growth rates in coconut area,
production and yield in the pre-SAP, SAP, post-SAP
and pooled periods.

To determine the growth pattern in area, production
and yield of coconut in the pre-SAP, SAP, post-SAP
and pooled periods.

To determine the sources of production growth in the
pre-SAP, SAP, post-SAP and pooled periods.

To determine the level of instability in area,
production and yield of coconut in the pre-SAP, SAP,
post-SAP and pooled period.

The remainder of this study is structured as follows;
the next section presents the materials and methods,
followed by the results section, the discussion section
follows after and lastly conclusions to the study are
given.

MATERIALS and METHODS

Data Source

Secondary data obtained from the Food and
Agriculture  Organization  statistical database

(FAOSTAT) was used in the study.

The dataset for this study was divided into three
periods to ease comparison of policy periods and
covers pre-SAP era (1961 - 1985), SAP era (1986 -
1998), post-SAP era (1999 - 2017) and the pooled
period from 1961-2017 gives a holistic perspective to
the study. STATA 15 statistical software was used for
analysis.

Modelling Growth Rates

Growth rate is a linear measure, which does not
capture effect of compounding; it is calculated over an
interval or period i.e. at a point in time. The log-linear
model is generally used for this purpose, the
regressand takes the logarithm form and the
regressor is time variable which can take values from
one to infinity (Godara & Krishan 2020; Sharma et
al, 2017).

The log-linear model generally takes the
mathematical form:

LnYt,,, =b, +bt+ e (1)
Where InYt: = Natural logarithm of Coconut

production measured in tonnes

Where InYt:= Natural logarithm of Coconut yield
measured in hg ha'!

Where InYts= Natural logarithm of Coconut area
harvested measured in hectares

bo = estimated constant regression line
b1 = estimated growth coefficient

t = linear time trends for each period
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e = error term
Percentage growth rate is obtained as follows:
Growth rate = b1 * 100 (2

Equation 2, gives the average instantaneous
percentage growth rate over a specified period. The
slope of the log-linear model measures the relative
change in the dependent variable for a given absolute
change in the value of the independent variable
(Antia-Obong & Otung, 2019).

Compound Growth Rate

Compound growth rate is a nonlinear measure, in
other words, the effect of compounding takes into
account variability or volatility that have occurred
overtime (Jagannath et al, 2013), the compound
growth rate is expressed as follows:

CGR = (antilog b1-1) * 100 3
Otherwise expressed as:
CGR = (eb’ — 1) * 100 (4)

Where;
CGR = Compound Growth rate of coconut.
b1 = estimated growth coefficient or slope.

e = Euler's exponential constant, given a value of
2.71828

Modelling Patterns of Growth

Three patterns of growth, namely; acceleration,
deceleration and stagnation, are explored (Kappil, et
al, 2021).

A log-quadratic model is fitted for this purpose as
follows:

For Coconut production in tonnes, yield in hg ha! and
area harvested in ha:

LnYt,,s =b, + bt +b,t” +e (5)

For equation (5), the quadratic time variable
t? enables measurement of acceleration, deceleration
and stagnation. Therefore, the coefficient of interest
for the quadratic model is b, .

Accordingly,

1. Acceleration is observed, when b, is positive and
statistically significant.

2. Deceleration is observed, when b, 1is negative and
statistically significant.

3. Stagnation is observed, when b, is either negative
or positive but not statistically significant.

Sources of Production Growth

Decomposition analysis is used to capture the sources
of production growth, the procedure has been used in
Ikuemonisan et a/ .( 2020 and Antia-Obong &
Bhattarai (2012), so does not need to be repeated
here.
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The equation is expressed thus; Cov = Standart deviation . |4, (7)
Ay, * AY Y,, * AA mean
Uy e 8Y) gy U)o
AP AP
(vield effect) (area effect) CDV = Cov * \/1 - Adjusted R? (8)
(AA = AY) a
P «100 (6)
RESULTS and DISCUSSION

(Interaction effect)
Where;
P = Production growth
AP (Change in Production) = (P — Psy)
AY (Change in yield) = (Yzy - Ya,)
AA (Change in area) = Ay — Asy

Aby, Yoy and Py are the base year for area, yield and
production of coconut.

Acy, Yo and Py are the current year for area, yield
and production of coconut.

Accordingly, the area effect, yield effect and
interaction effect share percentage contribution
towards production growth with each source

contributing different percentage levels to production
growth.

Instability in Coconut Production

The coefficient of variation (CoV) equation 7 and
Cuddy Della Vella analysis (CDVa) equation 8 are
used to capture instability in production, yield and
area. The CoV is heavily critiqued because it tends to
overestimate instability (Kumar, et al.,
2017;Ikuemonisan, et al, 2020;Chavhan, et al,
2020). As such, it is necessary to use CoV with other
measures of instability, for this study, CDVa 1is
employed because CDVa removes the problem of
overestimation and by so doing, provides a more exact
measure of instability (Sethi et al, 2022). The CDVa
de-trends the coefficient of variation (CoV) by using
the adjusted A2 obtained from the trend equation for
each of the periods in area, yield and production.

The CoV and CDVa are expressed as follows:

Growth Rates in Area, Yield and Production

The pre-SAP period shows that area, production and
yield experienced positive growth rates and were all
statistically significant at the 1 % level as observed on
table 1. The result for coconut production growth rate
was 0.75 points higher than yield and 0.15 points
higher than area. In Nigeria, different crops have
experienced positive growth rates in Pre-SAP period.
For instance, Antia-Obong & Otung 2019 found
positive growth rates (p > 0.01) for beer of barley
production. In addition, Sadiq (2014) found area,
production and yield of rice in the pre-SAP period to
had positive (p > 0.01) growth rates but the pre-SAP
period in that study was from 1970-1985, which is
nine years short of the current pre-SAP period for this
study. On the contrary, Sadiq (2014) witnessed
negative growth rates in area, yield and production
for groundnut in the pre-SAP period. In addition,
Ibitoye et al. (2017) observed negative growth rate in
cotton production between 1960-1985.

The SAP period shows a negative growth rate in area,
while yield and production have positive (P<0.01)
growth rates. This means that as yield and
production were increasing, area harvested was
decreasing although not at a statistically significant
level. This finding is at variance with studies
conducted in Nigeria; wherein in the SAP period,
Nmadu et al (2015) found area harvested for yam
had positive and significant growth rates. In the same
study, cassava area and production had positive and
significant growth rates with yield decreasing. This
was also the case for groundnut (Sadiq et al 2020),
rice (Sadiq 2014) and cotton production (Ibitoye et al
2017).

Table 1. Percentage growth rates and compound growth rates of area, yield and production of coconut in Nigeria

from 1961-2017

Periods Area Yield Production
Pre-SAP 0.75%%* 0.15%%* 0.90%%**
(1961-1985) (0.002) (0.000) (0.002)
SAP -0.46 4,32%%% 3.85%%*
(1986-1998) (0.006) (0.007) (0.003)
Post-SAP 0.38%%* 3.29%* 3.68%%*
(1999-2017) (0.001) (0.002) (0.002)
Pooled 0.51%%* 1.93% ¥ 2.45%%*
(1961-2017) (0.001) (0.001) (0.001)

Note: *** represents p < 0.01; figures in parentheses are standard errors.

Source: Own editing based on data

The findings for the pre-SAP period are similar in

terms of having positive growth rates and being
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statistically significant at the 1% level. The
magnitude of the growth rates show that production
was 3.61%, followed by yield at 3.29% and area at
0.38%. The gap in the growth rates showed that
production was 0.37 % higher than yield and 3.23 %
higher than area showing that lower positive growth
rate in area translated to a high grow rate in yield
and an even higher growth rate in production. In the
context of studies conducted in Nigeria, Antia-Obong
& Otung (2019) also found positive growth rate for
beer of barley production for the post-SAP period
1999-2014. The results obtained are similar to the
study done by Sadiq (2014) where in area, yield and
production had positive growth rates for the period
1995-2013. However, in the case of yam and cassava,
area and production showed positive growth rates
with yield having declining growth rate (Nmadu et
al., 2015).

The entire period covering 57 years experienced
increasing growth rates in area, yield and production.
In other words, the only negative growth rate, which
was with respect to area harvested for the SAP period
did not overwhelm the positive growth rates for the
pre-SAP and post-SAP periods, hence the pooled
period experienced positive and statistically
significant growth rate. While most studies in Nigeria
(Antia-Obong et al, 2019; Ibitoye et al, 2017) for the
entire period tend to show similar results with
positive growth rates for area, yield and production.
However, the study by Nmadu et al (2015) on
cassava in Nigeria is an exception where in the entire
period covering 27 years witnessed a decline in yield
growth rates and an increase in area and production
growth rates which is possibly as a result of the
shorter period covered in their study.

Patterns of Growth

The findings from Table 2 show that growth pattern
for the pre-SAP period was stagnated which means
that the rate of growth was sluggishly unnoticeable.
In other words, pace of growth witnessed in area,
yield and production for the pre-SAP period was at a
standstill i.e. slow to the point of being negligible.
Previous studies on patterns of growth on pre-SAP
area, yield and production are mixed. For instance,
Sadiq et al (2020) found that for the pre-SAP period
groundnut harvested area and production was
decelerating (slow rate of growth) and yield was
accelerating (fast rate of growth). While for the same
period, Sadiq (2014) found area, yield and production
of rice to be accelerating.

The findings show pattern of growth in area and yield
to be stagnant, while production was decelerating
which means that the rate of SAP era coconut
production was occurring at a slow rate, whilst rate of
growth for area and yield was negligible.

The deceleration in production seems to be justified in
this context, since area and yield contribute to
production and both experienced stagnation in pace of
growth which invariably influenced pace of
production growth. There was deceleration in area,
yield and production for the period. In other words,
growth rate was slow across area, yield and
production. This finding is not consistent across post-
SAP periods. In the case of rice production and yield,
there was accelerated growth, while growth rate in
area was slow (Sadiq, 2014). Groundnut growth rate
slow for area and yield with production growth rate
stagnated (Sadiq et al, 2020).

Table 2. Patterns of growth for area, yield and production of coconut in Nigeria for 1961-2017 period

Periods Area Yield Production
Pre-SAP -0.0002 -0.0001 -0.0002
(1961-1985) n=25 (0.0004) (0.0001) (0.0004)
(Stagnation) (Stagnation) (Stagnation)
SAP -0.0011 -0.0007 -0.0018**
(1986-1998) n=13 (0.0019) (0.0021) (0.0007)
(Stagnation) (Stagnation) (Deceleration)
Post-SAP -0.0009%** -0.0007** -0.0016%**
(1999-2017) n=19 (0.0002) (0.0003) (0.0003)
(Deceleration) (Deceleration) (Deceleration)
Pooled -0.0000 0.0004*** 0.0004%**
(1961-2017) N=57 (0.0000) (0.0000) (0.0000)
(Stagnation) (Acceleration) (Acceleration)

Note: *** represent p < 0.01, ** represent p < 0.05, figures in parentheses are standard errors.

Source: own editing based on data

For the entire period under study, growth rates in
yield and production were accelerating with area
stagnated. In a similar study on yam and cassava,
Nmadu & Baba( 2015) found that area, yield and

production growth rates of yam occurring at a slow
rate, while cassava yield and production growth rates
stagnated and that of area decelerated.
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Decomposition of Coconut Production in Nigeria

From Table 3, the source of production growth in the
pre-SAP show that area harvested contributed the
most to production at 67.86 %, followed by yield at
26.08 %, the combined effect of area and yield
contributed the least to coconut production for the
pre-SAP period at 6.06 %. In the SAP era, a massive
91.95 % was contribution of yield to production
growth, leaving area effect with 5.65 % and
interaction effect with the least contribution of 2.40 %
to production growth.

In the post-SAP period, the highest contribution to

production growth was made by yield with 80.09
percent, followed by area with 11.97 percent, and the
least contribution was made by interaction effect with
7.93 percent. For the entire period, the effect of yield
dominated with 61.4%, followed by interaction effect
with 24.39% and area effect having 14.2% as the least
contribution to production growth. Clearly, it is
observed that for the entire 57 years of period, yield
effect contributed more than double the effect of area
towards entire production growth while the
interaction effect of yield and area contributed less
than half of the yield.

Table 3. Percentage decomposition of area, yield and their interaction towards increasing Coconut production in

Nigeria

Periods Area effect Yield effect Interaction effect Total %
Pre-SAP 67.86 26.08 6.06 100
(1961-1985) n=25

SAP 5.65 91.95 2.40 100
(1986-1998) n=13

Post-SAP 11.97 80.09 7.94 100
(1999-2017) n=19

Pooled 14.20 61.41 24.39 100

(1961-2017) N=57

Source: own editing based on data

Instability in Area, Yield and Production

The Cuddy Vella Della (CDVa) instability figures in
general show lower instability in the sub-periods and
pooled period than that of coefficient of variation
(CoV) which as already stated, CoV tend to over

estimates instability index , hence the study reports
results for CDVa.

Table 4. Instability index for area, yield and production

In general, each period under investigation exhibited
different instability across area, yield and production.
From Table 4, CDVa less than 15 indicates low
instability and all CDVa figures were below 15 which
implies that price of coconut has been stable over
time.

Periods Area Yield Production
Pre-SAP CoV 9.41 1.68 10.09
(1961-1985) n=25 CDVa 7.86 1.33 7.96

SAP CoV 7.74 19.28 14.74
(1986-1998) n=13 CDVa 7.89 9.30 3.71
Post-SAP CoV 3.69 18.17 19.85
(1999-2017) n=19 CDVa 3.13 4.29 5.18
Pooled CoV 10.45 36.85 44.38
(1961-2017) N=57 CDVa 6.77 13.71 13.38

Source: own editing based on data

This price stability is possibly due to the current state
of coconut wutilization in Nigeria, where in
consumption is mostly direct to consumers with
limited value addition or industrial application that
would require large volumes enough to distort the
general price level.

In the pre-SAP period, although production index was
lower than 15, it was the most unstable period,
followed by area and with yield being the least
unstable. For the SAP period, yield was the most
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unstable, followed by area and production the least
unstable. The post-SAP period showed that
production was the most unstable, followed by yield
and area. Moreover, the pooled period indicates yield
to be the most unstable, followed by production and
lastly area the least unstable.

General Discussion

While the pre-SAP witnessed positive and
statistically significant growth rates, unfortunately,
the pattern of growth translated to stagnation. This is
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instructive and brings to the fore, the importance of
not only relying on growth rates in policy formulation;
because it is clearly seen from the results that this
may be misleading because patterns of growth expose
the character of the growth process and a stagnated
growth pattern more often than not reveals structural
weaknesses which implies a situation of growth
without development. By implication, pre-SAP
policies supported increase growth whilst neglecting
actual coconut development which would have in
general accelerated coconut production. In other
words, pre-SAP policies worthy of note such as;
import restrictions through tariffs, ban, quota, the
use of marketing boards by government agencies
which guaranteed markets for agricultural produce as
opposed to relying on the free market, amongst others
only led to increasing growth rate without a
corresponding increase in pace of growth.

With respect to source of output growth, area
contributed the most to production; implying that the
area dedicated to coconut cultivation was expanding
during this period. This finding is not surprising,
because during this period Nigeria emerged from
independence and agriculture was the main stay of
the economy coupled with the civil war of the mid
1960’s led to the country looking more favourably
towards agriculture of which coconut focused
prominently. With the increase in area for coconut,
effect of yield was somewhat elevated for this period.
The combined effect of area and yield contributed the
least to production; possibly due to the already
pronounced stand-alone effect of area and yield on
production growth.

For the same period, instability was generally low,
with yield being the least unstable and this is
expected considering that yield is a function of
production over the area which experienced low
instability. The results points to low disruption in
coconut production in the sense that coconut being a
perennial crop, at maturity yield tends to be stable
overtime hence, low instability in yield is expected.
Furthermore, at this stage of cultivation the coconuts
are young and yields are optimum.

The SAP period covers 13 years and featured
curtailment of government credit support to
agriculture and removal of government managed
marketing boards. By doing so, government
intervention in agriculture was relaxed towards
deliberate market liberalisation and deregulated
markets where in market forces determined the
trajectory of economic activities. To this end, growth
rate in area decreased, whilst growth rates in yield
and production increased. This result suggests that
during the SAP period, expansion in area decreased,
while yield and production continued to increase.
Again, the perennial nature of coconut may likely
explain this result, since decrease growth rate in area
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did not lead to decrease in yield and production. It
can be adduced that the already cultivated area
continued to produce increasing yield and production
without the need to increase area. According to
Coconut life Cycle (2021) a typical coconut tree can
take 3 to 8 years to bear fruits and can continue
bearing fruits up to 100 years. This finding suggests
that coconut continue to yield on already cultivated
land for long periods of time due to the nature of the
crop without need to expand area however, over time
growth rates of yield begin to fall as the crop ages.

Not surprising, with a negative growth in area, the
pace of growth with respect to area stagnated, the
pace of yield growth also stagnated which indicates
that a decreasing and stagnated growth in area
resulted in stagnation in yield even though growth
rate in yield was positive. With stagnation in both
area and yield, production experienced slow pace of
growth (deceleration), which means that growth rate
in production was decelerating at an increasing rate
of growth bearing in mind that production growth
was positive.

Yield effect contributed the most to production growth
with nearly entire production (92%) contributed by
yield growth. This finding is instructive because it
buttresses the point that coconut at maturity ‘takes a
life of its own’ without necessarily having to increase
area to boost yield. Of course, this is due to the
perennial nature of coconut, therefore, it is difficult to
assert if SAP policies enhanced yield or if it is a case
of nature and nurture. Howbeit, since it was during
the SAP period that yield contributed nearly entirely
to production growth, SAP polices are ascribed to the
outcome. However, the large yield effect also
generated the most unstable period, as earlier noted;
instability was generally (<15) as such is not a cause
for concern.

The Post-SAP period witnessed on average positive
growth rates in area, yield and production, but these
growth patterns occurred at a slow pace
(deceleration). In other words, growth rate in area,
yield and production was decelerating at an
increasing rate. The character of growth helps to
identify strength and weaknesses in the growth
process in the sense that strength in this context
implies acceleration (fast pace) in growth, weakness
implies deceleration in growth rate (slow pace) and
stagnation implies inertia. This finding further
buttresses the point that coconut growth occurred
without corresponding structural developments that
would fasten the growth process.

In terms of contribution to production growth, yield
effect accounted for 80%; this means that productivity
of coconut played a bigger role in the production of
coconut than the effect of area or the interaction of
both area and yield. This finding to a large extent
mirrors that of SAP period however, in this case
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growth in area was positive which suggests that area
effect slightly increased during post-SAP period. The
implication is that area expanded during the Post-
SAP period. As earlier noted, instability was
generally low across area, yield and production which
means any changes occurring was smooth and fairly
erratic during the period. The findings show that
primary coconut sector thrives in a free market
economy; however as with agriculture in general,
government intervention is invaluable.

For the entire 57 years, growth rate was positive for
area, yield and production, which means that there
was increase in area, yield and production for the
entire period. Interestingly, the pattern of growth
showed stagnation for area, while yield and
production witnessed acceleration. This finding is
important because it means that as growth pattern in
area was in a state of inertia, growth pattern in yield
and production was moving at a fast pace. This
implies that coconut in Nigeria over 57 years tended
towards being efficient because area dedicated to
coconut did not move as fast as the yield and
production obtained from the area. In addition, yield
effect contributed the most to production growth and
was accompanied with low instability.

CONCLUSION

This study aimed at investigating the trends
(changes) and pattern of the changes in coconut
production over a 57 years of period divided into three
somewhat distinct and over lapping policy phases
that have a bearing on agricultural growth and
development in Nigeria.

The findings for the pre-SAP period showed stagnated
positive growth rates across area, yield and
production growth rates. The SAP period witnessed
stagnated decrease in area, stagnated increase in
yield and production was decelerating at an
increasing rate. The post-SAP period findings show
that area, yield and production was decelerating at an
increasing growth rate. The pooled period shows that
whilst area witnessed stagnated positive growth
rates, yield and production was accelerating at an
increasing rate. Taking into account totality of
situation, the pooled period shows that coconut sector
is moving in a positive direction since stagnation in
area was accompanied by acceleration in yield and
production.

However, the same cannot be said of the sub-periods,
at best the SAP period where declining area was met
with increase yield and production seems to hold
some promise. In addition, findings revealed that the
pre-SAP period was dedicated to area expansion with
yield expansion dominating the SAP, post-SAP and
pooled periods. Instability was generally low in all
sub-periods and the entire period, which is a pointer
to a stable price regime for coconut for the period.
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RECOMMENDATIONS

In general, the findings reveal structural weaknesses
in coconut production. Due to the slow and stagnated
pace of growth across the pre-SAP, SAP and post-SAP
periods. In a bid to reverse this trend, the study
recommends investment in the coconut sector from
the government and private sector. Firstly, hybrid
varieties of coconuts need to be replanted to secure
the future of coconut farms while also providing
favourable long term land lease. Furthermore,
farmers need to be continuously trained and
supported on new technologies. There is need to
address research and innovation in the coconut
ecosystem, support input suppliers, strengthen
marketing and transportation opportunities and
provide training on maintenance and protection of
coconut from diseases and adverse environmental
conditions. In addition, there is also the need to
manage post-harvest losses through proper bagging
and packaging which ultimately will enhance
processing of coconut into a variety of consumer
products. These measures will likely reverse the
structural weaknesses identified in the study, which
has hampered the pace of coconut production growth.
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ABSTRACT Food Science

Tirkiye, one of the first places where wheat was cultivated, is the gene

source of ancient wheat varieties that have attracted great interest in Research Article

recent years. In this study, Karakilcik wheat varieties (KWV) grown by

local producers in different provinces of Tirkiye for the production of Article History
"Karakilcik Bread" were collected. Some physical (foreign matter, Received 121.06.2023
hectoliter and thousand kernel weight, grain hardness, kernel size Accepted 118.10.2023
distribution and homojenity, and colour) and physicochemical (wet and

dry gluten, gluten index, falling number, zeleny sedimentation, and Keywords

delayed sedimentation) characteristics of these KWV were determined Ancient wheat

and compared with a modern bread wheat variety (MBWYV). The Gene center

hectoliter and thousand kernel weights of KWV varied between 26.0- Local variety

44.74 g and 60.43-70.80 kg hl-1, respectively. It was determined that Wheat quality
the KWV of Izmir, Canakkale, and Konya provinces had the largest and
most homogeneous grain structure, while the Antalya KWV had the
lightest and the Samsun KWV had the darkest grain color. The highest
wet and dry gluten values were measured in the KWV of Antalya
province, followed by MBWV and Konya province KWV. Significant
differences were determined between MBW and KWV in terms of
sedimentation and delayed sedimentation values (p<0.01). Falling
numbers were observed between 499.7 and 372.0 seconds, the highest in
Osmaniye and the lowest in Sakarya KWV. As a result, it has been
concluded that KWV grown in different provinces of Turkiye have
unique physical and physicochemical characteristics, with KWV grown
in Konya province being comparatively superior to both MBWYV and
other KWV. The results of this study will be beneficial for the
conservation, development, and sustainability of local varieties.

Tirkiyenin Farkh Illerinde Yetistirilen Yerel Karakilgk Bugday Cesitlerinin Bazi Fiziksel ve
Fizikokimyasal Ozellikleri

OZET Gida Bilimi

Bugdayn ilk ekildigi yerlerden biri olan Tirkiye, son yillarda biytk ilgi

gormeye baglayan atalik bugday c¢esitlerinin gen kaynagidir. Bu Arastirma Makalesi
calismada; Turkiye'nin farkhi illerinde yerel tureticiler tarafindan : ;
“Karakilggk Ekmegi” turetiminde kullanilmak tizere yetistirilen MalFale T,a 1'.1hge.51
Karakilgik bugday cesitleri (KBC) toplanmistir. Bu KBCnin baz Gelis Tarihi :21'06‘2023
fiziksel (yabanci madde, hektolitre ve bin tane agirhgi, tane sertligi, Kabul Tarihi :18.10.2023
iriligi ve rengi) ve fizikokimyasal (yas ve kuru gluten, gluten indeks, Anahtar Kelimeler
diisme sayisi, zeleny sedimantasyon ve gecikmeli sedimantasyon) Atalik bugday
ozellikleri belirlenmis ve modern bir ekmeklik bugday cesidi (MBC) ile
kargilastirilmigtir. KBC'nin hektolitre ve bin tane agirliklar1 sirasiyla
60.43-70.80 kg hl-1 ve 26.0-44.74 g arasinda degismistir. Izmir,
Canakkale ve Konya illerine ait KBCnin en iri ve homojen tane
yapisina, Antalya ili KBCnin en agik, Samsun ili KBC'nin ise en koyu
tane rengine sahip olduklari tesbit edilmistir. En yiiksek yas ve kuru
gluten degerleri Antalya KB(C’de o6lgtiliirken onu MBC ve Konya ili KBC
takip etmistir. Sedimantasyon ve gecikmeli sedimantasyon degerleri
bakimindan MBC ile KBC arasinda o6nemli farklar belirlenmistir

Gen merkezi
Yerel cesit
Bugday kalitesi
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(p<0.01). Diigme sayis1 degerleri 499.7-372.0 saniye arasinda, en yiiksek
Osmaniye en diusuk Sakarya KKBC'nde tespit edilmistir. Calisma
sonucunda elde edilen veriler farkl illerde yetistirilen yerel karakilgik

bugdaylarinin farklh
olduklarini,

fiziksel ve fizikokimyasal ozelliklere
test edilen tim o6zellikler bakimindan Konya ilinde

sahip

yetigtirilen karakilgik bugdayinin nisbeten daha tstiin oldugunu

gostermigstir. Yerel gesitlerin korunmasinda,

gelistirilmesinde ve

stirdirilebilirliklerinin saglanmasinda elde edilen bulgularin yararh

olacagi sonucuna ulagilmigtir.

To Cite : Ozkan, Kiibranur., & Giil, H., (2024). Some physical and physicochemical characteristics of local karakilgik
wheat varieties grown in different provinces of Tiirkiye. KSU J. Agric Nat 273), 675-685. https://doi.org/
10.18016/ksutarimdoga.vi.1317966

Ataf Sekli: Ozkan, Kiibranur., & Giil, H., (2024). Tiirkiyemin farkh illerinde yetistirilen yerel karakilgik bugday
cesitlerinin bazi fiziksel ve fizikokimyasal ozellikleri. KSU Tarim ve Doga Derg 27A3), 675-685.
httpsi//doi.org/10.18016/ksutarimdoga.vi.1317966

INTRODUCTION (2022) reported that the amount of phenolic

Wheat, the seeds of plants in the Graminaea family, compounds and the antioxidant activity in 10

is a significant crop used for both food and animal
feed. It is the second most widely grown crop globally,
following maize. The most recent statistics indicates
that global wheat production stands at 761 million
metric tonnes, with Tirkiye contributing 20.5 million
metric tonnes (FAO, 2023). Triticum aestivum, a
hexaploid species called bread wheat, accounts for
approximately 95% of the world’s wheat production,
while Triticum turgidum durum, a tetraploid species
called durum wheat, constitutes the remaining 5%
(Shewry & Hey, 2015a; Arzani & Ashraf, 2017).

Diploid (AA; 2n= 2x= 14) Einkorn (7riticum
monococcum L.), the tetraploid (AABB; 2n = 4x = 28)
emmer (7 turgidum var. dicoccum), and the
hexaploid (AABBDD; 2n = 6x = 42) spelled wheat (7!
aestivum var. spelta) are the ancient wheat varieties
(Arzani & Ashraf, 2017). Currently, these varieties of
wheat have limited usage and are cultivated only in
small regions due to cultural considerations or to
respond to the growing demand in health food
markets (Cooper, 2015; Shewry & Hey, 2015a).

The archaeological record indicates that wheat
originated in the Fertile Crescent, a geographic region
encompassing Tirkiye, Jordan, Palestine, Lebanon,
Syria, Iraq, and Iran. Tirkiye is the gene source of
wild wheat varieties and is the region where wheat
was first cultivated. Evidence of the domestication of
Einkorn wheat, also known as siyez wheat, can be
found in the southeast region of Tirkiye and dates
back to 9000 BC (Harlan & Zohary, 1966; Cooper
2015; Arzani & Ashraf, 2017; Atak, 2017). Cultural
forms derived from their wild relatives spread all over
the world from Anatolia (Karagoz, 2019).

The increasing consumer and commercial interest in
ancient wheat cultivars can be attributed to their
enhanced sustainability, better nutritional
composition, and the commonly held belief that they
offer superior health benefits (Arzani & Ashraf, 2017;
Dinu et al., 2018; Mefleh et al., 2019). Acun and Giil
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different local Karakilgik wheat samples cultivated in
Turkiye ranged from 14.62 to 2329.67 pg GAE g-1
and from 0.04 to 23.92%, respectively.

Multiple studies in the literature indicate that
ancient wheat varieties exhibit elevated levels of
phenolics (Montevecchi et al., 2018; Balli et al., 2022),
minerals such as zinc, iron, and copper (Golea et al.,
2022), protein, lipids, tocotrienols, lutein, total tocol,
and monounsaturated fatty acids (Hidalgo et al.,
2009) when compared to modern wheat varieties.
Additionally, they demonstrate a reduced rate of in
vitro carbohydrate digestion, higher protein digestion,
increased fibre content, better antioxidant activity,
and a greater amount of resistant starch in regard to
modern wheat cultivars (Curnd & Lacko-Bartosova,
2017). Sirakaya (2023) observed that emmer wheat
(Triticum dicoccum) displayed a greater protein
content in contrast with modern wheat. Conversely,
there are also studies that hold a contrasting
viewpoint, suggesting that there is minimal difference
between modern and ancient wheat types in terms of
biocomponents. In fact, certain components such
dietary fibre are even lower in ancient wheat (Shewry
& Hey, 2015b).

Modern or commercial wheat cultivars with improved
yield and quality characteristics have been
successfully developed through extensive breeding
efforts over many years. Although modern wheat
varieties have been beneficial in improving the
technological quality of the product, there has been a
growing interest in old wheat varieties in recent
years. This is primarily due to their higher nutrient
content, more adaptability to climate change, reduced
input requirements, resistance to pests and diseases,
and their suitability for organic farming (Dinu et al.,
2018, Bencze et al., 2020).

Local wheat varieties that have been grown in
Anatolia for centuries have been assigned several
names depending on factors such as spike features,
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kernel colour, awn characteristics, sowing timing, and
geographical origin. Kan et al. (2015) collected a total
of 1587 wheat village cultivars and identified 162
unique local cultivar names. White Wheat, Yellow
Wheat, Zerun, Karakilcik, Red Wheat, Siyez, Koca
Wheat, Sahman, Kirik, Topbas, and Uveyik wheat are
the cultivars that have been reported to have higher
cultivation areas among these varieties. Karakilgik
wheat (KW) got its name from the black colour of its
awns. The morphological, phenological, agronomic,
and qualitative properties of KW genotypes grown in
several areas in Turkiye have been found suitable for
utilisation in breeding programmes (Alkan, 2022).

Both local and wild wheat are important genetic
resources that have reached to this day, despite the
fact that they have been exposed to many adverse
conditions over the years, including drought, floods,
disease and pest infestation (Aktas et al., 2018).
Researching all attributes (including physical,
chemical, nutritional, etc.) of these genetic resources
and uncovering their superiority is essential for
protecting genetic resources and developing new
genotypes. Hence, this study involved the collection of
Karakilcik wheat varieties (KWV) cultivated by local
farmers across several regions of Tiirkiye, followed by
the assessment of the physical and physicochemical
characteristics of these wheat samples. Even so, a
comparison was made between the traits of KWV and
a modern wheat variety (MBWYV, Esperya) that is
currently extensively utilised in the manufacture of
bread.

MATERIAL AND METHODS
Materials

During the 2021 harvest season, KWV samples were
collected in various rural areas in Tirkiye, including
Antalya, Adana, Osmaniye, Sakarya, Samsun,
Isparta, Ankara, Izmir, Konya, and Canakkale. A
village with the highest production of Karakilgik
wheat (KW) was chosen from each province.
Specifically, the types of KW cultivated for making
"Karakil¢ik Bread" were collected. Local cultivation of
KWV in Tirkiye is restricted to a limited number of
provinces and a limited number of local producers.
Therefore, KWV samples were collected from the
village with the highest production in each province,
as well as from the farmer with the highest
production within that village. KWV were collected
from local producers using a representative method of
sampling to accurately represent the entire quantity
of wheat. The samples were then transferred to the
laboratory in cloth bags and stored under dry and cool
conditions. The MBWYV, known as "Esperya," was
acquired from the Hediye Flour Factory in Isparta
(Tiirkiye) for the purpose of comparing the features of
the MBWYV and KWV. For this study, a total of 11 (n
=11) wheat varieties were used as materials. These
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included 10 different KWVs collected from ten
different regions, as well as one MBWYV.

Physical Properties

General characteristics: Following the TS (Turkish
Standard) 2974 wheat standard (TSE, 2018), only a
handful of wheat samples were gathered and tested
for colour and smell during daylight by blowing
strongly, rubbing, and smelling. Furthermore, an
investigation was conducted to determine the
presence of viable storage pests in the wheat samples
(TSE, 2018).

Quantification of foreign materials: A 200 g sample of
wheat, which represents the entire mass of the wheat,
was taken. The amount of foreign matter in the
sample was then measured and classified according to
the TS 2974 wheat standard (TSE, 2018).

Measurement of hectoliter weight (HW): The mass of
one litre of wheat was determined using a hectoliter
measurement equipment, as specified in TS EN ISO
7971-3 (TSE, 2019). Subsequently, the samples were
categorised in accordance with the TS 2974 wheat
standard, with hectoliter weights as the basis (TSE,
2018).

Measurement of thousand kernel weight (TKW):
TKW was computed on a dry matter basis after
counting a total of five hundred kernels of wheat and
multiplying the result by two (Uluéz, 1965).

Grain hardness measurement: After halving the
wheat with the Grobecker cutting tool, cross-sectional
views were examined. The relative amounts of
vitreous (hard grain), floury (soft grain), and piebald
(if the glassy area has any localized starch spots)
wheat grains were ascertained (Elgiin et al. 2002).
Traditionally, vitreousness has been associated with
hardness and opagueness (flouriness) with softness
(Hoseney, 1986).

Testing for kernel size distribution and homogeneity:
To find out about the distribution of kernel sizes and
the homogeneity of wheat samples, 100 grams of
clean wheat was put through sieves with openings of
2.8 mm, 2.5 mm, and 2.2 mm for 3 minutes (Williams
et al. 1986). After the sifting period concluded, the
quantity of wheat left on each sieve was measured,
and the ratios were calculated. Homogeneity was
defined as the quantity of wheat left on two
consecutive sieves exceeding 75%.

Milling of wheat samples

Once the wheat samples were cleared of any foreign
materials, they were rinsed with tap water and
subsequently air-dried under ambient settings for a
period of 36 to 48 hours. Subsequently, the grains
were ground into whole-grain flour using a
laboratory-grade flour mill (Ekin Gida, Ankara).
Following the milling process, the whole grain flours
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were kept at an ambient temperature for
approximately one week. Subsequently, they were
transferred to sealed bags and refrigerated at a
temperature of +4 °C until further examination.

Analysis of colour

The colour of wheat samples and whole grain flours
was assessed using a Minolta CR 410 chroma metre
(MinoltaCo Ltd., Tokyo, Japan). Three measurements
were taken at distinct locations, and the colour
components were determined as follows: lightness L*
(lightness-darkness: 100=white-0‘black), a* (redness-
greenness: (+) red, (-) green), and b* (yellowness-
blueness: (+) yellow, (-) blue) (Peterson et al., 2001).

Analysis of the physicochemical properties

The whole grain flours obtained from milling were
analyzed using physicochemical methods, which are
briefly described below.

Wet and dry gluten content: The wet gluten content of
wheat cultivars was measured using AACC Method
38-10.01 (AACC, 2010). This method involves
physically combining a flour sample with water to
form a dough ball, which is subsequently subjected to
a washing process to separate starch and any soluble
substances. The residual gluten was collected and
then weighed to establish its wet gluten content. The
wet gluten sample was transferred to the glutamatic
system, where it was then dried until it reached a
stable weight. Subsequently, the sample was
subjected to cooling and then measured in terms of its
weight as dry gluten.

Gluten index value: The gluten index was determined
following the standards outlined in the AACC Method
38-12.02 (AACC, 2010). The wet gluten sample was
subjected to automated centrifugation at a speed of
6000 revolutions per minute for a duration of one
minute. The gluten index is a quantitative measure
that determines the percentage of wet gluten that
remains on the sieve after centrifugation. The gluten
index was determined by multiplying the weight of
the wet gluten retained on the sieve by 100 and
subsequently dividing it by the weight of the total
amount of wet gluten.

Zeleny sedimentation value: The Zeleny
sedimentation test was carried out following the
approved method defined in AACC Method 56-60.01
(AACC, 2010). In summary, a quantity of 3.2 grams of
whole wheat flour was carefully placed inside a
graduated cylinder with a glass stopper, which had a
volume of 100 milliliters. Afterwards, the techniques
outlined in the methodology were implemented, and
the analyses were performed utilizing the
sedimentation test equipment (Tekpa, Ankara,
Tiirkiye). Following the time analysis, the sediment
volume was quantified in milliliters using a cylinder.
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Afterwards, the sedimentation value was calculated
using the appropriate factor, which corresponds to a
moisture content of 14%.

Delayed Zeleny sedimentation value: The delayed
Zeleny sedimentation value was determined using the
methods published by Greenaway et al. (1965). The
conventional hydration period, typically lasting 5
minutes, was extended to 120 minutes by incubating
sedimentation tubes at 30°. The Zeleny sedimentation
value and the delayed Zeleny sedimentation value
were compared to identify any differences. If the
difference exceeds a threshold of 5 ml, it indicates
that the wheat has been affected by Sunn pest
damage.

The measurement of the falling number: The falling
number was determined using the standardized
approach specified by the AACC Method 56-81.03
(AACC, 2010), and the findings were reported in
seconds. To summarize, a quantity of 7 + 0.05 g of
whole wheat flour was measured and placed into a
falling number tube. A volume of 25 milliliters of
water at a temperature of 22 + 2 °C was introduced
into the tube and shaken until fully mixed. The entire
slurry was removed by employing a viscometer-
stirrer. Afterwards, the tube and viscometer-stirrer
were carefully placed inside the water bath of the
falling number device, and the equipment was
immediately started. After the test is finished, the
duration is observed and recorded in seconds.

Statistical analysis

The data collected on the attributes of the wheat
samples were analyzed using the "SPSS" statistical
software (SPSS, 2019) based on the random plots
experimental design with three replications. Analysis
of variance was performed on the obtained data. The
averages were compared using the Duncan multiple
test.

RESULTS and DISCUSSION

Physical properties

It has been established that both MBWV and KWV
meet the general characteristics outlined in the TS
2974 (TSE, 2018) wheat standard. The wheat samples
have been shown to possess unique colour and odour
characteristics and lack the presence of any live pests
commonly found in warehouses. Wheat should be free
of any odors other than its natural odor. The presence
of a fresh wheat odor or a warehouse odor is
considered a typical grain odor; however, dampness
and/or mold smells serve as indications of grain that
is in a disordered state. Foreign odors such as grass,
gas, onion, garlic, etc. are undesirable in wheat.

Upon analysis of the wheat samples for foreign
matter content, in accordance with the TS 2974
Wheat Standard (TSE, 2018), it was found that the
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MBWYV and KW-Osmaniye were part of the second
class, KW-Canakkale was part of the third class, and
the KWV grown in other provinces was classified as
low-quality bread wheat. The producer directly
obtained the KWV from the field in their harvested
state, which is the main reason for the elevated
presence of foreign matter in all samples. To clarify,
the KWS did not undergo any preliminary cleaning
procedures such as sifting or wind blowing. Another
potential factor is that the production of KW is
conducted by regional farmers in rural and small
regions. Typically, manual labor is employed for
harvesting in these limited regions instead of

Table 1. Physical properties of wheat samples?2
Cizelge 1. Bugday orneklerinin fiziksel ozellikleri

utilizing automated machinery for harvesting and
cleaning. Manual harvesting results in a significant
presence of foreign materials. Furthermore, KW is
cultivated naturally with a careful approach, typically
avoiding the wuse of pesticides. Hence, it is
unavoidable that the product would experience a rise
in the incidence of foreign substances, particularly
those resulting from the presence of weeds.

HW, TKW, and glassy, floury, and piebald grain
values of MBWV and KWV are given in Table 1. KWV
are identified by the names of the provinces from
where they are collected.

Sample Hectoliter Thousand kernel Vitreous Floury Piebald

weight weight (g) (%) (%) (%)

(kg)
MBWV? 71.22+1.05 29.374+0.01 6.00+0.00 65.332+£1.15 28.67v+1.15
KWe-Canakkale  70.532b+0.92 37.75v+0.76 42.67v+4.62 29.33de+1.15 28.00v+5.29
KW-Samsun 68.93c+£0.49 31.19¢4+£0.23 34.00c+3.46 30.00¢4+£6.43 36.002+5.03
KW-Antalya 60.43°+1.39 33.00¢£2.75 30.674+£3.06 24.004e+2.00 45.333+4.16
KW-Izmir 70.802b+0.26 39.52b+0.32 42.00+0.00 29.334+3.06 28.67v+3.06
KW-Isparta 69.100c+£0.89 26.00=3.12 30.00¢4+2.00 22.009¢+2.00 48.002+4.16
KW-Adana 68.60+0.72 28.53def+(.15 44.00v+2.00 20.00¢£6.93 36.002+2.00
KW-Ankara 70.732b+0.15 29.13det£0.26 26.004+3.46 40.00+7.21 34.002+2.31
KW-Konya 68.63¢+0.46 44.742+0.25 29.33¢4+2.31 40.00c+4.00 30.67v+2.31
KW-Osmaniye 69.000c+£0.44 26.72¢+0.23 59.332+3.06 13.34£3.06 217.33v+3.06
KW-Sakarya 66.534+0.47 28.443¢+0,28 17.33¢+£3.06 55.33+3.06 217.34+3.06

a@The mean values in the table for the same column and shown with the different superscript letters are
significantly different p<0.01. PMIBWYV: Modern Berad Wheat Variety (Esperya variety), cKW: Karakilcadk Wheat

There is no statistically significant difference (p >
0.01) in HW between MBWV and KW-Canakkale,
KW-Izmir, and KW-Ankara, as shown in Table 1. The
HW of KWV ranged from 60.43 kg hl-1 in Antalya to
70.80 kg hl-1 in Izmir. The TS 2974 Wheat Standard
classifies bread wheats according to their HW. Based
on this criteria, bread wheat with a HW of 78.0 kg or
more is classified as first class. If the HW falls
between 76.0 and 77.9 kg, it is classified as second
class. A HW between 73.0 and 75.9 kg is considered
third class. Bread wheat with a HW of 73 kg or lower
is defined as low-quality. According to the "T'S 2974
Wheat Standard,"” both the MBWV and KWV were
classed as low-quality bread wheat in terms of HW.
The significant presence of foreign matter is one of
the factors contributing to the low HW in all wheat
cultivars. When comparing the MBWYV with the KWV
from various provinces, it was observed that there
were variations in HW values (p<0.01). This is a
result that was expected. The reason for this is that
HW is significantly impacted by factors such as
genotypes, locales, sowing rates, and interactions
between genotype and environment (Marié et al.

2008). It is worth noting that there was no
statistically significant difference (p>0.01) between
the HWs of the MBWYV and those of the Canakkale,
Izmir, and Ankara KWYV. Similarly, in a study
conducted in Italy, Stagnari et al. (2008) found that
there was no distinction in the HW between durum
wheat and ancient Khorasan wheat. However, the
ancient emmer variety had a lower HW, measuring
less than 78 kg hl!, compared to both durum and
Horasan wheat. Csikvari et al. (2021) revealed
varieties with higher HW than the KWV and MBWV
examined in this study. The HWs were measured as
81.4 kg hl! in modern winter wheat, 75.7 kg hl! in
old/traditional winter wheat, 77.3 kg hl! in modern
einkorn, and 79.1 kg hl! and 80.1 kg hl?! in two
different ancient einkorn varieties.

KWS from the province of Konya had the highest
TKW value with an average of 44.74 g, followed by
Izmir with an average of 39.52 g and Canakkale with
37.75 g. These were then followed by the Antalya
sample with 33.0 g. It was found that the TKWs of
the other KWS and MBW were lower. This low TKW
may be due to the hot and dry climatic conditions.
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Because seasonal climatic conditions are a very
important factor in the grain yield and TKW of wheat,
This problem can be solved by irrigation under
certain conditions (Torrion & Stougaard 2017).

The samples collected from the province of Konya
exhibited the highest TKW, averaging 44.74 g. This
was followed by KW-Izmir with an average TKW of
39.52 g and KW-Canakkale with an average TKW of
37.75 g. Subsequently, the KW-Antalya weighed 33.0
grams. The study revealed that the TKWs of the other
KWV and the MBWV were comparatively lower. The
low TKW could potentially be attributed to the dry
and hot weather conditions. Seasonal climatic
variables significantly affect grain yield and TKW of
wheat, so irrigation can be used under certain
conditions to solve this problem (Torrion &
Stougaard, 2017).

The TKW of KW-Konya, which was measured to be
44.74 g, was found to be nearly equivalent to the
TKW of the Emmer variety examined in Italy, with
an average value of 45.05 g over a two-year period
(Stagnari et al., 2008). Ertop and Atasoy (2019) found
that the TKW of einkorn wheat was 27.94 g, which
was lower than the TKW of durum wheat, which was
54.6 g. Our analysis revealed that the TKW of KW-
Isparta was the only one that exhibited a lower value
compared to MBWV.

Wheat varieties that have larger kernels also exhibit
a higher TKW. According to Table 2 in the sieve
study, the varieties KW-Izmir, KW-Canakkale, and
KW-Konya had the maximum quantity of wheat left
on the 2.8 mm sieve, in that order. Conversely, it has
been established that the KW-Isparta and KW-
Osmaniye, which exhibit the lowest TKW, are
characterized by their small size and heterogeneity.
Furthermore, there was a significant proportion
(about 16%) of these KW samples that had passed
through the 2.2 mm screen. It 1s widely recognized
that there is a direct relationship between TKW and
the amount of flour produced. When the TKW and
kernel size distribution and homogeneity tests are
looked at together, they show that some KW samples
are bigger than the MBWYV, which means they will
produce more flour. As previously stated, the impact
of genotype-environment interactions on wheat
quality is considerable. Theorem is supported by the
fact that KWV grown in different provinces have
different sizes, shapes, levels of homogeneity, and
grain hardness, as well as different HW and TKW
values.

The ratios of vitreous, floury, and piebald kernels for
both MBWV and KWV are given in Table 1.
According to Hoseney (1986), floury grains have a soft
texture and a low protein content, whereas vitreous
grains typically have a hard texture and a significant
amount of protein. MBWYV, as a variety of bread
wheat, displayed a higher ratio of floury grains
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compared to KWV. The most similar result to MBW
was discovered in KW-Sakarya, which had a floury
grain rate of 55%. Following this were KW-Ankara
and KW-Konya, both of which had a 40% floury grain
rate.

The vitreous grain rate of KW-Osmaniye is higher
than that of the other samples, measured at 59.33%.
The MBWYV and KW-Sakarya had the lowest vitreous
grain ratios, respectively. It was noticed that both
MBW and KWS had a relatively high percentage of
piebald grain, which was an interesting observation.
The development of grain piebald may differ from
variety to variety, depending on the amount of protein
present, the area of planting, and the weather
conditions. It was found by Giil et al. (2012) that some
bread wheat cultivars that were cultivated in the
Lakes Region of Turkiye had a high piebald grain
ratio. The authors were of the opinion that the
climate conditions could be effective in this situation.

The mean values obtained through sieve analysis,
which is used to evaluate the size and uniformity of
wheat samples, are presented in Table 2. The KW-
Izmir, KW-Konya, and KW-Canakkale varieties
exhibited the highest proportion of large grains > 2.8
mm), whereas the KW-Adana, KW-Isparta, and KW-
Osmaniye varieties had the lowest proportion. The
KW-Samsun and KW-Antalya had a similar grain
size distribution to that of the MBWYV. The greatest
amount of medium-sized grains was found in KW-
Ankara, KW-Adana, and KW-Samsun, while the
lowest amount was recorded in KW-Izmir, KW-
Canakkale, and KW-Konya. The MBW, KW-
Canakkale, KW-Samsun, KW-Antalya, KW-Izmir,
and KW-Konya samples were determined to be large
and homogeneous, but the KW-Isparta, KW-Adana,
KW-Ankara, KW-Osmaniye, and KW-Sakarya
samples were found to be heterogeneous.

It is noteworthy that the grain size of the Karakilcik
variety cultivated in Izmir, Canakkale, and Konya
provinces was considerably greater than that of the
MBW variety. This outcome is in line with the
findings of Larsson and Bergman (2023), who
reported that different soil types and growing
conditions have a significant impact on grain size.
Researchers also determined that ancient wheats,
such as einkorn, which are generally cultivated in
nutrient-poor areas, exhibited an increase in grain
size compared with modern wheat types that had not
been treated with fertilizer. The presence of soil
moisture during the grain maturation stage, as well
as the presence of drought and irrigation, have an
important effect on the size of the grain (Torrion &
Stougaard, 2017). Hence, the presence of water in the
soil is considered a crucial determinant for the
reduced grain sizes observed in Isparta, Osmaniye,
and Adana KWV, as compared to other types.
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Characteristics of colour in wheat samples and their
whole grain flours

The colour values measured in the grains and whole

grain flours of the KWS and MBW can be seen in
Table 3.

Table 2. Kernel size distribution and homogeneity of wheat samples?2
Cizelge 2. Bugday orneklerinin tane bliyiikliigii dagilimi ve homojenligi

Sample Large Medium Small Undersize Size and homogeneity
(>2.8 mm) (2.5-2.8 mm) (2.2-2.5 mm) (2.2 mm)

MBWV®b 44.92¢4+1.38 30.5004+1.18 16.13¢+0.04 8.45P+0.29 Large-homogeneous
KWe-Canakkale 71.46P+0.75 21.84f+0.69 5.318+0.24 1.399¢+0.06 Large-homogeneous
KW-Samsun 47.67+5.18 41.332+£3.81 10.17t£2.04 0.83de+0.11 Large-homogeneous
KW-Antalya 46.09+0.70 35.74b+2.24 15.54+0.99 2.62¢4+0.67 Large-homogeneous
KW-Izmir 85.902+£1.74 11.308+1.53 2.32¢+0.36 0.48de+0.25 Large-homogeneous
KW-Isparta 16.53¢+0.80 27.269e+£0.96 39.812+1.73 16.402+2.22 Heterogeneous
KW-Adana 20.30e+£0.39 43.072+0.66 27.42¢+0.35 9.215+0.92 Heterogeneous
KW-Ankara 29.064+0.69 44.563+0.43 23.944+1.28 2.44¢de+(.86 Heterogeneous
KW-Konya 70.270+£2.28 24.77t£1.51 4.668+0.88 0.30e+0.07 Large-homogeneous
KW-Osmaniye 16.28¢+2.31 32.77v+0.79 34.94b+2.94 16.012+0.63 Heterogeneous
KW-Sakarya 31.444+0.41 35.98v+0.44 28.32¢+1.03 4.27<+0.77 Heterogeneous

aThe mean values in the table for the same column and shown with the different superscript letters are
significantly different p<0.01. PMBWYV: Modern Berad Wheat Variety (Esperya variety), cKW: Karakilcadk Wheat

Table 3. Colour values of wheat samples and their whole grain flours @
Cizelge 3. Bugday orneklerinin ve tam tane unlarinin renk degerleri

Sample Colour values of wheat grains Colour values of whole grain flours
L* a* b* L* a* b*

MBWYV?b 41.34+£0.1 7.4de+0.0 13.6f+£0.0 64.9f+2.2 2.3b+0.1 10.0e+0.3
KWe-Canakkale 44.5b+0.1 8.2b+0.2 16.6¢+0.0 79.6bcd+1.7 1.7d+0.1 13.6b+1.4
KW-Samsun 36.2g+0.1 6.1f+0.2 11.7h+0.1 75.0e+0.5 1.8d+0.2 12.1¢d+0.0
KW-Antalya 46.0a+0.7 7.5de+0.3 18.4a+0.3 82.7a£1.0 1.9¢d+0.1 16.4a+0.3
KW-Izmir 45.02v+0.9 7.05e+0.3 17.3b+0.1 80.9ab+0.1 1.3e+0.0 15.7a+0.1
KW-Isparta 42.9¢+0.9 7.5cde+0.3 15.7d+0.1 80.1bcd+0.7 2.2bc+0.2 13.1bc+0.1
KW-Adana 38.8+0.6 8.7a+0.1 14.2e+0.2 78.2bcd+1.4 2.5ab+0.1 13.8b+0.1
KW-Ankara 40.84e£0.7 7.9bcd=+0.0 14.5e+0.4 80.7abc+0.4 1.7d+0.0 11.8d+0.3
KW-Konya 44 .2¢+0.3 7.9bc+0.1 16.7¢+0.1 77.8d+1.0 1.7d+0.3 13.7b+0.1
KW-Osmaniye 39.6¢+0.5 7.5¢cde+0.2 13.2g+0.0 79.2bcd+0.4 2.8a+0.1 12.9bc+0.2
KW-Sakarya 39.5¢+0.3 7.2ex0.0 14.1ef+0.1 77.9¢d+0.2 1.6d+0.0 11.8d+0.2

a2 The mean values in the table for the same column and shown with the different superscript letters are
significantly different p<0.01., "M BWV: Modern Berad Wheat Variety (Esperya variety), cKW: Karakilcik Wheat

The variety KW-Antalya showed the highest L*
value, indicating it had the lightest colour among the
KW varieties. KW-Izmir and KW-Canakkale followed
in that order. The KWS acquired from Adana,
Osmaniye, and Sakarya provinces were found to have
a much darker colour compared to the others.
However, the Samsun KW grains had the darkest
colour among all the samples.

Figure 1 displays representative images of three
wheat samples: the MBWV sample (Figure 1A), the
lightest coloured KW from Antalya province (Figure
1B), and the darkest coloured KW from Samsun
(Figure 1C) province. The KW-Ankara is the one that
most closely matches the brightness value of the
MBWV.
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The KW-Adana had the highest measured redness
value (a*), while the KW-Samsun had the lowest. In
terms of the a* value, the MBWV and KWs of
Antalya, Izmir, Isparta, Ankara, Osmaniye, and
Sakarya were statistically placed together in the
same group. Among the wheat samples studied, KW-
Antalya exhibited the greatest level of brightness and
was also determined to have the highest level of
yellowness, as shown by its b* value (Figure 1B). The
highest b* values were measured in KW-Izmir, KW-
Konya, and KW-Canakkale, respectively, after KW-
Antalya. The b* values were measured in KW-Izmir,
KW-Konya, and KW-Canakkale, respectively, after
KW-Antalya. It was found that KW-Samsun had the
lowest b* value, as well as the lowest L* and a*
values (Figure 1C).
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When the color values of whole grain flours were
taken into consideration, it was found that the whole
grain flours with the lightest colors were KW-
Antalya, KW-Izmir, and KW-Ankara. On the other
hand, the samples with the darkest colors were KW-
Samsun and MBWYV, as shown in Table 3. The
remaining samples exhibited similar levels of
brightness. The increase in L* values of the whole
wheat flours indicates a significant lightening of the
wheat colors following the milling process.
Observations revealed an increase in the L* value

A

Physicochemical properties

The physicochemical study was conducted to evaluate
the technological features of whole grain flours
derived from KW and MBW varieties. The results of
this test can be seen in Table 4. The wet gluten and
dry gluten values in the MBWYV flour were measured
to be 45.3% and 13.2%, respectively. In samples of
Karakilgik wheat, the same values were found
between 22.7% and 50.4% and 6.9% and 14.8%,
respectively. The KW-Antalya showed the greatest
wet and dry gluten values, with the MBWV and KW-
Konya following slightly behind. This was followed by
Karakil¢ik wheat from Osmaniye, Izmir, and Samsun

and a notable decrease in the a* value throughout the
milling process. The a* value of whole grain flours
ranged from 2.8 to 1.3. Additionally, the b* value of
KW-Antalya and KW-Izmir flours, which exhibit high
levels of L* and b* in their grain colors, was found to
be substantially higher. The samples presenting
lower b* values compared to the others include KW-
Ankara, KW-Sakarya, and KW-Samsun whole grain
flours. The MBWV whole grain flour demonstrated
the lowest b* value.

C
Figure 1. Representative images of three wheat samples; A:Modern Berad Wheat Variety (Esperya variety),
B:Karakilgik Wheat-Antalya, C: Karakilgik Wheat-Samsun
Sekil 1. Ug farkl bugday oérneginin temsili goriintiileri; A‘Modern ekmeklik bugday érnegi (Esperya) B:Antalya
ile Karakilcik bugday érnegi, C: Samsun iline ait Karakilgik bugday ornegi

provinces. The KW-Ankara and KW-Sakarya had the
lowest wet and dry gluten levels. Comparatively, KW-
Antalya exhibited significantly higher wet and dry
gluten values in comparison to MBWV and other
KWVs. There was no significant difference in these
values between the MBW and the KW-Konya.

When the gluten index value, which is the indicator of
gluten quality, is examined, it is determined that the
MBW has the highest value, and there is no
significant difference between the MBW and KW-
Izmir and KW-Adana. After these three samples, KW-
Antalya ranked fourth in terms of gluten index value.

Table 4. Physicochemical characteristics of whole grain flours of wheat samples?
Cizelge 4. Bugday orneklerinin tam tane unlarinin fizikokimyasal ozellikleri

Sample Wet gluten Dry gluten Gluten Sedimentation Delayed Zeleny Falling number
(%) (%) index (%)  (ml) sedimentation(ml) (second)
MBWYV®b 45.3"+1.6 13.2b+0.0 96.72+0.5 32.02+£0.0 29.02+1.0 424.0cde£15.0
KWe-Canakkale — 28.7¢+0.9 8.9¢+0.1 70.6¢4+£3.2  16.0e+0.0 10.0s+0.0 408.7¢+10.5
KW-Samsun 34.9¢d+]1 .4 10.4¢d+0.5 66.2¢de£6.7  13.7+0.5 12.0££0.0 446.3<£18.1
KW-Antalya 50.42+£1.7 14.82+0.4 85.4b+1.0 22.7°+0.5 24.7°+0.5 423.0cde+4.0
KW-Izmir 37.0¢+0.6 11.2¢+1.2 88.4ab+4.7  17.04e+0.0 24.7°+0.6 445.0£10.0
KW-Isparta 32.24+0.3 9.9de+0.1 61.09+4.3  18.0¢9+1.0 10.7%+0.6 420.09e+6.0
KW-Adana 32.09+1.9 9.7de£(.2 88.6ab+£3.7  17.09+0.0 19.04+0.0 441.004£2.0
KW-Ankara 22.7+0.7 6.6f+0.2 59.3¢+5.1  16.0e+0.0 11.0%+0.0 348.7+3.5
KW-Konya 42.4+1.6 12.7%+0.5 75.1+£3.12  18.7<+0.5 14.7+0.6 473.77+6.5
KW-Osmaniye 37.3+1.3 11.0¢+0.2 65.0¢de+6.1  19.0¢+0.0 11.7:0.5 499.72+4.5
KW-Sakarya 22.8(+1.2 6.91£0.4 74.67£0.8 16.7¢£0.5 21.0c+0.5 372.08.0

a2 The mean values in the table for the same column and shown with the different superscript letters are
significantly different p<0.01., PMMBWYV: Modern Berad Wheat Variety (Esperya variety), cKW: Karakilcik Wheat
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Upon analyzing the gluten index value, which serves
as an indicator of gluten quality, it is evident that
MBW exhibits the greatest value. Furthermore, there
is no notable distinction between MBW, KW-Izmir,
and KW-Adana. KW-Antalya came in at number four
in terms of the gluten index value after these three
samples. As expected, the gluten index value of the
KW-Ankara, which exhibited the least amount of wet
and dry gluten content, was correspondingly the
lowest among all the samples. However, the gluten
index value of KW-Sakarya, which exhibited identical
wet and dry gluten values as KW-Ankara, was
determined to be better and fell within the same
category as KW-Konya.

Karakilgik wheat samples had more gluten than the
"Bozodi" einkorn variety (15.4%), which was studied
by Csakvari et al. (2021), but less than the
"Schiemann" variety (25.8%) in KW-Ankara and KW-
Sakarya. The gluten content of the other Karakilcik
wheat varieties, as assessed by Csakvari et al. (2021),
was significantly higher than that of the modern
einkorn variety (22.5%). Based on this information, it
may be inferred that the locally cultivated karakilgik
wheat in Tirkiye shows potential as a promising
variety.

In our study, we observed that the wet gluten content
and gluten index values of Karakilgik wheats were
greater than those of Kastamonu einkorn wheat, as
reported by Ertop and Atasoy (2019) (6.75% and 42%,
respectively). The dry gluten content for particular
KWV and MBWYV exhibited similarity to the findings
of the investigation conducted by Gélinas and
McKinnon (2016). In their study, Gélinas and
McKinnon (2016) determined that the dry gluten
content was 11.3% in tetraploid Khorasan wheat,
10.2% in emmer wheat, 10.4% in hexaploid spelt, and
ranged from 9.2% to 15.7% in hexaploid modern
wheat varieties. The dry gluten contents of KW-
Antalya and KW-Konya were higher compared to the
wheats examined in this study.

Significant differences were found between KWV and
MBWYV in terms of sedimentation and delayed
sedimentation values, based on statistical analysis.
The KW-Antalya sample, which had the highest wet
and dry gluten ratios, showed a sedimentation value
that closely approximated that of the MBW. The
lowest sedimentation value was found in KW-
Samsun. The sedimentation values of KW-Ankara
and KW-Sakarya, which exhibited the lowest wet and
dry gluten content, were also found to be the lowest.
The TS 2974 wheat flour standard (TSE, 2018)
classifies bread wheats based on their sedimentation
value. A sedimentation value of 37 or more 1is
categorized as 1st class, while a value between 31 and
36 ml is considered 2nd class. A number between 22
and 30 ml falls into the 3rd class category, while
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anything below 22 ml is regarded as as low-quality
wheat flour. Based on this categorization, MBWYV was
classified as belonging to the highest class, KW-
Antalya was classified as belonging to the third class,
and the other KWV were classified as belonging to the
low-quality bread wheat class.

The delayed sedimentation value indicates that the
KW-Antalya and KW-Izmir samples were the most
similar to the MBW. If the difference between the
delayed sedimentation value and the normal
sedimentation value exceeds 5 ml, the presence of sun
pest damage can be mentioned in these wheat
samples. It may be stated that the whole wheat flour
from KW-Canakkale, KW-Isparta, and KW-Osmaniye
has been affected by pest infestation. While the wet
gluten values of these samples were good enough, the
low gluten index values may be attributed to the
damage caused by sun pests. However, due to the
absence of sun pest damage, the gluten index value of
the KW-Sakarya was moderate despite the low levels
of wet and dry gluten.

The falling number values of the whole wheat flour
samples ranged from 499.7 seconds (at KW-
Osmaniye) to 372.0 seconds (at KW-Sakarya), as
shown in Table 4. The TS 2974 wheat flour standard
(TSE, 2018) classifies wheats as first-class bread
wheat if the Hagberg falling number is at least 250 or
higher. In this case, all wheat varieties—including
the MBWV—were in the first class in terms of falling
numbers. To ensure high-quality bread flour, it is
important to have adequate amylase activity, namely
about 250 + 25 seconds. None of the tested wheat
samples, including the MBW, fell within this range,
indicating that their amylase activity was inadequate.
To achieve a falling number of 250 + 25 seconds
during bread baking from these flours, it is advisable
to incorporate amylase in appropriate quantities.

CONCLUSION

Recently, there has been a growing interest among
consumers, farmers, and researchers in local and
ancient wheat types. One factor contributing to this
rise is the public perception that products derived
from ancient wheat are both more nutritious and
more flavorful. The primary factors increasing
attention towards old varieties among producers are
the rising demand and the good adaptation of these
kinds. Ancient varieties have survived and persisted
to the present day by adapting to unfavourable
weather conditions over an extended period of time.
In today's day, characterised by rising threats like
global warming, climate change, and drought, the
protection and development of wheat cultivars that
possess resilience to marginal cultivating and climatic
conditions have assumed greater significance. This
study examines the physical and physicochemical
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qualities of KWV grown by local producers in 10
different provinces in Turkey, which is known to have
rich wheat genetic resources. These features are then
compared to those of a MBWYV called Esperya,
highlighting the significance of the subject topic.
Significant variations were observed among the
Karakilgik wheats cultivated in various regions of
Turkey. Climate and soil conditions have a big impact
on the quality of Karaklck wheat. The results of this
study will contribute to future research on the
preservation, utilisation in cultivar development,
cultivation, and sustainability of ancient Karakilgik
wheat.
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OZET Gida Bilimi

Pinaceae familyasina ait olan Goknar agacinin Kastamonu Ilgaz

daglarinda yetisen Abies Nordmanniana tiri son yillarda saghk Aragtirma Makalesi
uzerine etkilerinden dolayrn halk arasinda yaygin olarak

kullanilmaktadir. Bu ¢alismada yoreye 6zgii Goknar (abies) agacinin Makale Tarihgesi
kozalaklarindan geleneksel yontemlerle elde edilen pekmez ve Gelig Tarihi  :11.05.2023

suruplarin pH, asitlik derecesi, renk ve elektriksel iletekenlik gibi bazi
fiziksel ve kimyasal analizleri yapildi. Fourier Dontisgimli Kizilotesi
Spektroskopisi (FTIR) yontemi ile de kimyasal karakterizasyon

Kabul Tarihi :02.11.2023

Anahtar Kelimeler

analizleri yapildi ve cihazin kiitiphanesinde tespit edilen bilegenler Goknar
yorumlandi. Spektrumlarin 1200-900cm? dalga boyu araliginda, Pekmez
sekerlerin eklenmesiyle birlikte yeni bantlar ortaya ¢iktigi gézlemlendi. Surup
Goknar kozalak pekmezinde ilave edilen pancar sekerinin dusik pH
sicaklikta uzun sture kaynatma yontemi kullanilarak uretilmesinin Iletkenlik

poliakrilamid olusumunu engelledigi tespit edildi. Goknar kozalak
surubunda ise 5- hidroksimetilfurufural (5-HMF) yapisal analiz
sonucunda tespit edilmemis olup yliksek sicaklikta tiretimin
gerceklesmesi ile poliakrilamid yapilarin oldugu belirlendi. Pekmez ve
surup numuneleri kendi aralarinda kiyaslandiginda, {retim
yonteminin, Uretim sicaklik ve siiresinin gidanin igeriginde meydana
getirdigi degisiklikler bu ¢alismada ilk defa ortaya konuldu.

Comparison of Some Physical and Chemical Properties of Goknar
Produced in Kastamonu Region

ABSTRACT

Due to its effects on health, Abies Nordmanniana species of the Géknar
tree, belongs to the Pinaceae family and grows in Kastamonu Ilgaz
mountains, has been widely used by the local people in recent years.
The some physical and chemical analyzes of molasses and syrups

Cone Molasses and Liquid Syrups

Food Science
Research Article

Article History

obtained from the cones of the local abies tree were examined in this Received ) 11.05.2023
study. For this purpose, physical and chemical analyzes such as color, Accepted +02.11.2023
pH, acidity and electrical conductivity of molasses and syrups produced Keywords

by traditional methods were performed. Chemical characterization Goknar

analyzes were also performed with the Fourier Transform Infrared Molasses

Spectroscopy (FTIR) method, and the components detected in the Syrup

device's library were interpreted. It was observed that new bands pH

appeared with the addition of sugars in the 1200-900 cm™ wavelength Conductivity

range of the spectrums. It was determined that the production of beet
sugar added fir cone molasses by using the method of boiling at low
temperature for a long time prevented the formation of polyacrylamide.
In the fir cone syrup, 5-hydroxymethylfurufural (5-HMF) was not
detected according to the result of the structural analysis, and poly-
acrylamide structures were determined with the realization of
production at high temperature. When the molasses and syrup samples
were compared among themselves, the effect of production method,
production temperature and time in the changes of the compenents
were revealed for the first time in this study.
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GIRIS

Goknar, camgiller (Pinaceae) familyasinin Abies
cinsinden igne yaprakli agac tiirlerine verilen addir.
Ormanlik alanlarda en fazla yayilis gosteren agac
tiiri mese (%29,42) olmakla birlikte, bunu %22,74 ile
kizilgam, %18,31 ile karacam, %8,19 ile kayin, %6,42
ile ardig, %6,15 ile saricam ve %2,23 ile goknar agag
tirleri takip etmektedir (Incemehmetoglu, 2021;
OGM, 2020). Tiirkiye'de Goknar agaci yayginhk
acisindan Karadeniz Goknari, Uludag Goknari, Kaz
Dag1 Goéknar1 ve Toros Goknar: seklinde bir dagilim
gostermektedir. Pekmez tulkemize yaygin olarak
tuketilen geleneksel bir gidadir. Genellikle tziim,
dut, gibi meyveler pekmez tretiminde hammadde
olarak kullanmilsa da Ilgaz daglarinda dogal olarak
yetisen Goknarin kozalaklari da Dbolge halka
tarafindan pekmez tretiminde kullanilmaktadar.

Son yillarda, gidalarin surdirilebilir ve saghga
faydali olmasi tercih edilen bir konu haline gelmistir.
Fonksiyonel gida kavrami ya da gidalarin saghk
uzerine etkileri arastirma konusu olmustur. Kozalak
surup ve pekmezlerinin 6ksiiriik, nefes darligi, astim
ve brongit gibi hastaliklarin tedavisinde fonksiyonel
gida olarak son yillarda tercih edilmektedir (Ermis,
1997; Yiicel, 2014). Yapilan calismalarda iilkemizde
yetisen bazi ¢am turlerinin kok, govde, kozalak, dal,
stirgiinlerinden elde edilen ekstraktlarin
antimikrobiyal (Eryilmaz ve ark. 2016; Kizil ve ark.
2002), yara iyilesmesi ve anti-enflamatuar aktivite
(Tumen ve ark. 2010) ve baz kanser tiirlerinde

antikarsinojenik etki gosterdikleri belirlenmistir
(Aydin ve ark. 2013; Ucar, 2008).
Aym1 zamanda dogal ve geleneksel yontemlerle

Uretiminin yapiliyor olmasi bu gidalarla ilgili
arastirma yapilmasi gerekliligini ortaya ¢ikarmistir.
Gidalarin sadece besleyici oOzellikleri degil ayni
zamanda sifali yonlerinden faydalaniliyor olmak bu
fonksiyonel gidalara ilgiyi giin gegtik¢e artirmaktadir
(Istk & Celik 2023). Ayrica yoresel ve geleneksel
yontemlerle {Uretiminin yapiliyor olmas1 katk:
maddelerinin kullanilmamasi da bu gidalar1 cazip
hale getirmigtir. Fakat bu o&zellikler beraberinde
gidalarin  igeriklerinin  bilinmemesi ve iretim
yontemlerinin son Uriine yapisal ne tur farkhiliklar
kazandirdigini bilmek o6nemli bir konu haline
gelmigtir. Bu amagla planlamig oldugumuz bu
calismada geleneksel yontemlerle tretilen ve saghk
tuzerine etkilerinden dolayr ¢okg¢a tercih edilen
Goknar kozalak pekmez ve surubunun baz fiziksel ve
kimyasal analizleri yapildi Analizlerin yapildig1
pekmez ve suruptaki Hidroksimetilfurfural (HMF)

686

meyve sulari, sit, bal, pekmez, tahil Griinleri ve regel
(Hepsag ve ark. 2017) gibi bircok gidanin iretimi ve
depolanmas1  stirecinde olugabilmektedir. HMF
miktarlarinin  belirlenerek  tretim  sureclerinin
kontrolii acisindan énem tasimaktadir (Batu ve ark.
2014). Bu amacla 5-HMF miktarina simirlama
getirilmistir. Turk Gida Kodeksi Bal Tebligine gore
balda 40 mg/kg (ppm) ‘a kadar bulunmasina izin
verilmektedir.

Bircok gidanin tretim metodlar1 ya da depolanma
stireclerindeki farkliliklardan dolayi olusan HMF ve
poliakrilamid yapilarinin varliginin tespiti 6nemli
oldugu i¢in yapinin fonksiyonel gruplari bu ¢alismada
degerlendirildi.

MATERYAL ve METOD

Kastamonu Ilgaz yoéresinde, Goknar kozalaklarindan
elde edilen pekmez ve suruplar o bolgede yasayan
yerel koyliler tarafindan asagidaki silireclerde
geleneksel yontemlerle tretilip tarafimiza génderildi.

Goknar Kozalak Sivi Surubu Hazirlama

Olgun Goknar (Abies Nordmanniana) kozalaklar1 1
litre suda 500 g olacak sekilde suda bekletilir. Daha
sonra kaynatma islemine gecilir. Su kaynamaya
bagladiktan sonra 4 saat kaynatilir. Geleneksel
yontemlerle tiretilen Goknar kozalak surubu, yliksek
sicaklikta (>120 °C) sicaklik araliklarinda ekstra
seker ya da kil ilavesi olmadan kaynatilarak
hazirlanmaktadir.

Goknar Kozalak Pekmezi Hazirlama

Olgun Goknar (Abies Nordmanniana) kozalaklar: 1
litre suda 500 g olacak sekilde suda bekletilir. Daha
sonra kaynatma iglemine gecilir. Pekmez elde
edilirken 100 L suya 50 kg seker ilave edilerek
(pancar sekeri) toplamda 10 saat renk degisimi olana
kadar diisiik 1sida  (ort.90-100 °C) kaynatilarak
hazirlanmaktadir. Seker ilavesi yapilirken 100 L 'ye
84 g sitrik asit eklemesi sekerin kristalizasyonu
onlemek ve tat vermek i¢in yapilmaktadir.

Fiziksel Analizleri

Titrasyon asitligi ve pH

Asitlik tayini analizi i¢in 6ncelikle 6rneklerden 10’ar
gram tartilarak lizerine 75 ml saf su eklendi. Erlene 3
damla daha 6nceden hazirlanan %1lik fenolftaleyn
indikatoér ¢ozeltisinden ilave edildi. Karigim 0,1 N
NaOH ¢ozeltisi ile pembe renk elde edilinceye kadar
titre edilmistir. 3 tekrarl iglemler sonucunda, renk
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degisimi gorildiginde harcanan NaOH’nin deger asit/kg numune cinsinden asagidaki formiil
miktarindan yararlanarak numunenin asitligi mili es yardimi ile hesaplandi:
asit (FXNXxXV)
Asitlik (mili E§degergnumune) =——x1000

Goknar pekmez ve gsuruplarinin pH degerleri probun
orneklerin icerisine 3 kez daldirilmasiyla HANNA
HI9124 (Hanna Instruments, Romanya) cihaziyla
6lciildi. Iki analiz de oda sicakhiginda gerceklestirildi.

Elektriksel Iletkenlik

Elektriksel iletkenlik degerleri WTW (Almanya)
portatif kondiiktometre cihazi kullanilarak o&l¢ulda.
20ml'lik  falkon tiplune aktarilan numunelerin
icerisine cihazin probu daldirildi ve 3 tekrarh
6lcimler yapild.

Renk Analizleri

Iki 6rnegin renkleri FRU Precise Renk okuyucu (WR-
10, Cin) cihaza kullanilarak 6l¢tilmiistiir. Parlakligin
gostergesi olan L degeri en yiksek 100 beyaz rengi,
en dusuk O siyah rengi ifade etmektedir. Pozitif a
kirmiziyi, negatif a yesili, pozitif b sariy1, negatif b ise
maviyi ifade etmektedir. Her o6rnek igin ti¢ o6lgiim
gerceklestirilerek ortalamalar: alindi.

Fourier Déniigiimlii Kizilotesi Spektroskopisi (FTIR)
Analizleri

FTIR analizi gidalarin  kimyasal yapilarinin
karakterize edilmesi i¢in yaygin olarak kullanilan
spektroskopik yéntemlerden biridir (Yaman, 2019).
FTIR verileri ATR cihaz ile donatilmis Perkin Elmer
Spektrofotometresi ile (Lambda 25, Waltham, MA) ile
4/cm ¢Ozlinlrlukte elde edildi. Numuneler iletim
modunda 4000-650 cm-1 dalga boyu araliginda
incelendi.

BULGULAR ve TARTISMA
pH ve Titrasyon Asitligi

pH degeri pekmezlerin lezzet ve dayaniklilig1 tizerine
etkili bir parametredir (Ozbey ve ark. 2013).
Cizelgeden de gorilecegi tlzere analizi yapilan
ornekler arasinda pH degeri acisindan farklilik
gozlenmigtir. Goknar pekmez 6rneginin Cizelge 1'de
gosterildigi gibi pH1 3,87 iken surubunki 4,82 olarak
bulundu.

Cizelge 1. S1v1 surup ve pekmez 6rneklerine ait fizikokimyasal sonuglar
Table 1. Physicochemical results of liquid syrup and molasses samples

Numune

Parametreler Pekmez S1vi Surup
pH 3.87+0.01 4.82+0.02
Titrasyon Asitligi 23.524+0.98 11.76+0.98
Elektriksel Iletkenlik (mS/cm) 0.0088+0.0002 2.28+0.0058
Renk L 36.70+6.09 28.42+1.34

a 15.46+3.69 1.23+£2.72

b 28.16+8.47 12.36+1.80
2007 yihnda  yaymlanan  Uzim  Pekmezi dlizenleyici miktarina ve g¢egidine bagl olarak
Tebliginde, tath kat1 tiziim pekmezi icin pH degeri degistigini gostermektedir. Bizim ¢alismamizdaki
<5.0-6.0 olarak, eksi kati tizim pekmezi i¢in ise 3,5— Goknar  kozalak — pekmezinin  asitlifinin = siv1
5.0> olarak belirlenmistir (Anonim, 2017). TS 3792 formundakine  gore digiik  olmas: seker

Uziim Pekmezi Standardi'na goére ise bu limitler tath
pekmez i¢in 4,90-6,0, eksi pekmez ic¢in 3,50-4,90
(harig) araligidir. Tiirkben ve ark. (2016) farkl tiziim
cesitleri ile yapilan pekmezlerle ilgili
arastirmalarinda pH degerlerini 3,59-5,23 arasinda
bulmusglardir. Kaya ve ark. (2012)‘nin calismasinda
ise tizim pekmezi érneklerinin pH degeri 4,40 ve 5,78
arasinda bulunmustur. Cizelgede verilen degerlerin
diger c¢alismalarin bulgulariyla uyumlu oldugu
goriilmektedir. Akbulut ve ark. (2007) yaptiklar:
calismada pekmez yapiminda kullanilan dutun

cesidine bagh olarak pH'da oOnemli farklhiliklar
oldugunu ve sonuglarin 3,50 ile 6,01 arasinda
6lcildigini  bildirmiglerdir. Yapilan c¢alismalar

orneklerde ol¢iilen pH degeri’nin hasat zamanina,
yetisen topragin 6zelliklerine kullanilan asitlik
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krsitalizayonunu engellemek amaci ile kullanilan
sitrik asit kaynakhdir. Titrasyon sonucunda elde
edilen asitlik degerlerinin pH ile uyumlu oldugu ve
Goknar kozalak pekmezinde suruba gore yuksek
olmas eklenen sitrik asitle dogru orantilidir.

Elektriksel Tletkenlik

Calismamizda kati pekmez ile sivi surup arasinda
elektriksel iletkenlik  degeri yoénunden fark
gézlemlenmis olup bu degerin glikoz (pancar sekeri)
eklenen pekmezde suruba gore olduk¢a diisiik oldugu
tespit edildi. Pekmez igin elektriksel iletkenlik
degerleri standartlarda belirtilmemistir (Tosun ve
ark. 2012). Ancak gidalardaki elektriksel
etkilesimlerin raf émri, renk, tekstir ve reolojik
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ozellikler gibi pek c¢ok faktori etkileyebildigi
bilinmektedir. Bal gibi urinlerde iletkenlik degeri
mineral bilesenlerine, organik asit miktarina ve
protein icerigine gore degisebilmektedir.

Yapilan calismalarda pekmeze eklenen seker cesidi
ve miktarinin bu degerleri etkiledigi bildirilmigtir.
Ornegin saf pekmez driinlerinde %50 geker
eklenenlere gore daha yiiksek elektriksel iletkenlik
degeri bulunmustur. Suruplarin elektriksel iletkenlik
degeri daha diisiik oldugundan eklenen surup miktari
elektriksel iletkenlik degerinin diigmesine 6nemli bir
rol oynamaktadir (Tosun ve ark. 2012). Erbil (2020)
pekmez gesitlerinin lizerine yaptig1 ¢alismada yiksek
seker konsantrasyonlarda kivam koyulasmasiyla
birlikte iyon hareketliligi azaldigim1 ve iletkenlik
degerindeki azalmanin seker ilavesinin gostergesi

olabilecegini ifade etmigtir.

Renk

Pekmezlerde 1s1l iglemin silire ve sicakligina bagh
enzimatik olmayan esmerlesme reaksiyonlari sonucu
renk farkliliklar:i olusabilmektedir. Goknar kozalak
pekmezi hazirlanirken seker ilavesi ile dusik
sicaklikta ortalama 10 saat kaynatilmasi pekmezin
rengini koyulastirirken surupta yiiksek sicakliktaki
kaynatmadan farkli bir renk olugsmasina neden
olmustur.

Pekmez tretiminde kaynatma slresinin uzun
tutulmasi rengi etkileyen 6nemli faktorlerden biridir
ve 181l iglem sirasinda meydana gelen karamelizasyon
olay1 pekmezin renginin koyulagsmasina neden
olabilmektedir (Incemehmetoglu, 2021; Kiigiik ve ark,
2022). Nitekim kaynatma siiresinin uzun tutulmasi
ile daha kivamli ve daha koyu renkli pekmezlerin
elde edildigi diger arastirmacilar tarafindan da
aciklanmigtir (Karatas ve Sengiil, 2018). Ote yandan
yiksek sicaklik uygulanan sivi surupta L degerinde
yaklagik %22,6'lik disiis gozlemlenmigtir. Karakavuk
(2014) tarafindan, tiziim 6zi Uretiminin 65 °C, 75 °C ,
85 °C ve 100 °C’de gergeklestirildigi calismada da, L
degerinin sicaklik artikca o6nemli oOlglide dustugu
belirlenmigtir. L degerinin yliksek olmasi kaliteli bir
pekmez icin istenen 6zelliktir. Ancak pozitif ylikselen
a degeri sekerlerin karamelizasyonun bir gostergesi
oldugundan ¢ok yiksek olmasi arzu edilmeyen bir
durumdur (Ozbey ve ark. 2013). Calismamizda kati
pekmezde pozitif yonde artigin kirmiziyr temsil ettigi
a degerinin 1,45ten 15,46 yilikseldigi, pozitif artigin
sariy1 temsil ettigi b degerinin de 12,36’dan 28,16’ya
artt1g1 tespit edilmigtir. Uziim pekmezi tebligine gore,
pekmez agik kirmizi kahverengiden koyu kirmizi
kahverengiye kadar degisen renklerde olabilmektedir
(Anonim, 2017). Sekil 1'deki fotograftan da
gorilecegi lizere kati pekmezde karamelizasyon ile a
degerinde artigs gozlemlenmis olsa da duyusal
gorinim o6zellikleri bu teblige uymaktadir.
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Sekil 1. Goknar kozalak pekmezi (koyu
kirmizims1) ve sivi suruplarinin
(kahverengimsi) gorsel fotograflar:.
Fotografik  goriintiiller  3024x4032
piksel ve 72 dpi'ye sahip cep telefonu
kullanilarak elde edildi

Figure 1.  Visual photographs of fir cone molasses

(dark reddish) and liquid syrups
(brownish). Photographic images were
obtained using a mobile phone with
3024x4032 pixels and 72 dpi

Pekmez ve surubun renginin farkli olmasi seker ve
asit eklemeye baglh olarak da degisebilmektedir.
Pisirmenin baslangicinda sira yuzeyinde olusan ve
kef adi verilen koplklerin yayvan kepcelerle
ortamdan alinmasiyla berrak bir pekmez gérinimiu
saglanmaktadir. Goknar kozalak pekmezinin
renginin surubuna gore daha parlak olmasi bu
duruma da baglanmaktadir.

FTIR analizleri
Gida urtinlerinin bilesenlerinin kimyasal
karakterizasyonunda o6nemli bir rol oynayan,

geleneksel analitik yontemlere kiyasla hizli sonug
veren basit bir yontem olan FTIR spektroskopisi ile
iki  farkli numunedeki gruplar ve igerikler
kiyaslanmigtir.

Her iki numunede 3600-2800 cm™, 2200-1900 cm,
1700-1500 cm', 1280-1200 cm! dalga boyu
araliklarinda ortak band bdlgeleri gozlemlenmisgtir.
Ancak yakindan incelendiginde bu bantlarin pik

yogunluklarinda  degisimler ve Cizelge 2'de
gosterildigi gibi taban noktalarinda kaymalar
gozlemlenmektedir. Ornegin O-H veya C-H

fonksiyonel gruplarini temsil eden 3600-2800 cm'
dalga boyu bandinin orta noktasi surupta 3309,7 cm'!
iken pekmezde 3271,4 cm Ve kaymigtir. 1638 cmde
ise band yogunlugu daha fazla iken bu yogunluk
pekmez numunesinde azalmig ve 1642,9 cmve
kayarak daha genis band araliginda ortaya ¢ikmagtar.
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Cizelge 2. Infrared spektrumdaki fonksiyonel gruplar, taban noktalarindaki kayma ve yeni olusan pikler
Table 2. Functional groups, shifts in base points and newly formed peaks in the infrared spectrum

S1v1 Surup Dalga boyu (cm™)

Pekmez Dalga boyu Kaynak

Fonksiyonel Grup (cm™1)
—OH, Amid A —OH gerilmeleri 3309.7 3271.4 Anjos ve ark. (2015),
Se ve ark. (2018),
Yaman, (2019)
CH/CHz gerilme vibrasyonlari 2099 2103 Wiercigroch ve ark.
(2017)
Karboksilik asitin C-H gerilmesi, - 2933.5 Anjos ve ark. (2015),
OH gruplarina bagh C-H Elzey ve ark. (2016),
gerilmeleri Se ve ark. (2018)
OH:, makaslama titresimleri veya 1638 1642.9 Cheng ve Lin (2006)
dig biikiilmeler
iki endosiklik CHz grubunun - 1416.8 Mathlouthi ve ark.
makaslama modu (1983)
—C-C-H/C-O-H gruplarinin agisal 1269 1264.9 Rizk ve ark. (2023),
deformasyonu Yaman (2019)
C-O ve C-C simetrik uzantilarimin - 922,6 Wiercigroch ve ark.
baglanmasi (2017)
C-0/C-C gerilme vibrasyonlari, C- - 1102 Wiercigroch ve ark.
O-H diizlem igi biikiilmeleri 1028.9 (2017)
866.9
818.3
777.5
702
C-C-H asitmetrik, C-C-H diizlem 866.9 Wiercigroch ve ark.

i¢i bukulmeler

(2017

Sonuclara goére pekmezde suruptan farkli olarak
birgok  yeni  pik, kirilmalar ve  omuzlar
gozlemlenmektedir (Sekil 2 ve Sekil 3). Bu yeni
kimyasal baglar iki Ornegin birbirinden tamamen
farkli oldugunu kanitlamakta ve goknar kozalak
pekmez numunesinde farkli bilesenlerin oldugunu
ispatlamaktadir. Bu farkhiliklar o6zellikle 1200-600
cm’! parmak izi bolgesinde ortaya cikmistir. Daha
onceki calismalarda 1500-800 cm arasindaki
bélgenin sekerler ile ilgili karakteristik absorpsiyon
bantlarimi kapsadigi belirtilmistir (Wang ve ark.
2010). Géknar kozalak pekmez numunesinde 1416,8,
1349,8, noktalarinda yeni zayif bantlar ve omuzlar
ortaya cikmagtir. 1268,5'ten 1264,8e kayan pikin
yogunlugu ise gliclenmis ve bant aralig1 genislemigtir.
Calismalarda 1500-1200 cm arasindaki bantlarin
CH: baglarinin deformasyonuyla ve —C-C-H/C-H-O
gruplarimin agisal deformasyonu ile iligkili oldugu
bildirilmistir (Gallardo-Veldzquez ve ark. 2009; Gok
ve ark. 2015; Hineno, 1977; Se ve ark. 2018).

1200-950 cm™de ortaya c¢ikan bir¢ok yeni yogun
bantlarin ise C-OH gruplarindaki C-O gerilmeleri ve
sekerdeki C-C gerilme piklerinden kaynaklanmisg
olabilir (Khurana ve ark. 2008; Rizk ve ark. 2023; Se
ve ark. 2018). Ozellikle 1028,9'daki pik numunede
glukoz oldugunu ispatlamaktadir. Cinkt daha énceki
calismalarda benzer olarak bu bélgede glukoz 1024
cml, 1027 cml, 1022 cm’l, ve 1029 cm! dalga

boylarinda maksimum band yogunlugu gostermistir
(Mellado-Mojica ve ark. 2016; Rizk ve ark. 2023; Se ve
ark. 2018; Yaman, 2019).

CCO gruplarinin deformasyon modlarinin hakim
oldugu 1000-800 cm™ araliginda 866,9 cm 818,3 cm”
1.777,5 em'! gozlenen pikler fruktoz varliginin sebebi
olabilir. Ciinkiu yine 6nceki ¢alismalarda da 817 cm't,
817 cm’l, ve 778 cmV’deki piklerin fruktoz ilavesinden
kaynaklandig: bildirilmigtir (Kaéurakova &
Mathlouthi, 1996; Wiercigroch ve ark. 2017)
Calismamizdaki Géknar kozalagin yapisinda bulunan
meyve sekeri olan fruktoz Goknar kozalagina asit
ilave edilip kaynatilmasi esnasinda pekmezin
yapisina ge¢cmis olabilir.

Ozdemir (2004) Toros Goknarr (A. cilicica subsp.
isaurica’min genel kimyasal yapisim1 inceledigi
calismada %79 oraninda holoseliiloz oldugunu
bildirmigtir. ~Goknar pekmez orneginde de FTIR
cihazinin taramasi sonucu, cihaz kitiiphanesinden
alfa seltloz ve seltloz yapilarina benzer spektrumlar
elde edildi. Géknar surup 6rneklerine bakildiginda ise
cihazin kutiphanesinde farkhi polimerik yapilara ait
bilegenler tespit edildi. Bunun sebebi sivi surupta
ham karbonhidrat yapilari bulunurken, pekmez
ornegine 1sitma uygulanmasi1 ve geker eklemesi
sebebiyle yeni yapilarin (jel yapilari, biyomolekiiller)
olusmasina baglanmaktadir. Bilindigi tizere gidalarin
1sitilmas1  sirasinda, indirgen sekerler ile amino
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asitler reaksiyona girerek Maillard reaksiyonu olarak (Feather, 1993). Bu nedenle yiiksek sicaklikla birlikte

bilinen gidalarin esmerlesmesine yol acan olaylar re¢ine maddelerinin ve diger molekillerin pekmezin
gerceklesir. Bununla birlikte 1sitmayla esmerlesme yapisina gecisi ve yeni bilesiklerin Uretilmesi s6z
reaksiyonundan sorumlu daha reaktif monokarbonil konusu olabilir.

ve dikarbonil bilesiklerinin tretildigi bilinmektedir

99.9

95
1268.50

2099.20

90
85
80

75

I
%T 1637.97

70
65
60

55

I
50 3309.68

48.0
4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650.0
cm-1
Sekil 2. Goknar sivi surup 6rneginin FTIR spektrumu

Figure 2. FTIR spectrum of Géknar liquid syrup sample
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Figure 3. FTIR spectrum of Géknar cone molasses sample

HMF, g@dalarin iglenisi esnasinda sicakhik ve deger.leri ile kavrbohidr.at .yap.llarlndan meydan
uygulama siiresi ile aym zamanda asitlik/bazhik gelebilen doza bagh toksik bir kimyasaldir. Goknar
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pekmezi Uretimi esnasinda geleneksel yontemler
uygulandigindan kullanilan pancar sekeri ve eklenen
sitrik asit degerlerinin herhangi bir standard: yoktur.
Yapilan bir ¢alismada, farkl pisirme siiresi, techizat
ve 1sitma yapilarak agik kazanlarda geleneksel
pisirme uygulanan c¢am pekmezlerinde HMF
degerleri genig bir aralikta (4,54-1101,58 mg/kg)
tespit edilmigstir (Incemehmetoglu, 2021).

HMF renk esmerlesmesinde rol oynayabilen ve
pekmezde o6nemli kalite unsurlarindan bir bilesen
olup, dusik pH degerinde, heksozlarin asidik
ortamda bozulmalar: ile olusabilmektedir (Yaman,
2019). HMF ile vizkozite arasinda dogrusal bir iligki
oldugu ifade edilmigtir. Cihaz kiitiphanesinde
HMFye rastlanmamigs ancak, hidroksietil seliiloz
bileseni tespit edilmistir. Bu bilesen Maillard
reaksiyonu sonucu yeni olusan melanoidin benzeri
iiriinlerinden biri olabilir. Ertop ve ark. (2017) baz
melanoidin  UrlUnlerinin  antioksidatif etkilerinin
oldugunu ifade etmistir bu nedenle pekmezde
antioksidan igeriklerinde de degisimler olmus olabilir.

Akrilamid karbonhidrat ve protein icerikli besinlerin
yiiksek ateste pisirilmesiyle (>120°C) ortaya cikabilen
monomerik ile polimerik olarak iki formu bulunan,
organik bir bilesiktir. FTIR cihazinin sonuglarinin
kiitiphanesinde monomerik forma gére kismen daha

az zararlhh olan ve toksik oOzellik gostermeyen
poliakrilamid formu tespit edilmistir. Bu da yuksek
ateste kaynatmayla Dbirlikte polimer yapidaki
akrilamidin olugsmus olabilecegini gostermektedir

(Sirikli ve Kara, 2022). Goknar pekmezin FTIR
sonuc¢larina gore cihaz kutiiphanesinde tespit edilen
yapilarin icerisinde herhangi bir poliakrilamid yapiya
rastlanmamistir. Mestdagh ve ark. (2008) yaptig
calismada sitrik asitin son Urtndeki akrilamid
icerigini O6nemli derecede azalttigimi ifade etmigtir.
Dolayisiyla daha diisik pH ve yuksek asitlige sahip
olan bu ornekte ortam asitligi poliakrilamid
olusumunu engellemis olabilir.

SONUC ve ONERILER

Goknar kozalak agacindan elde edilen ve yoresel
olarak tuketilen pekmez ve suruplarin son yillarda
tuketimi yayginlagsmigtir. Bu nedenle bu yo6reye ait ve
faydali diye lanse edilen geleneksel yontemlerle
uretilen gidalarin igerik analizlerinin yapilmasi
onemli bir hale gelmigtir. Turkiye'de, Pinaceae
familyasina ait olan iki tir Goéknar agaci olup
Kastamonu Ilgaz daglarinda yetigsen  Abies
Nordmanniana tiri bu ¢alismada degerlendirildi.

Goknar kozalak pekmez ve surubu kendi arasinda
fiziksel 6zellikleri ve kimyasal 6zelikleri agisindan bu
calismada arastirildi. Viskozitesi daha yogun olan
pekmezin elektriksel iletkenliginin diisiik olmasinin
icerisindeki  iyonlarin = hareket simirlihigindan
kaynaklandigi dustiintilmektedir. Ayni zamanda
yapilan renk analizinde ve gorsel degerlendirmede
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pekmezin sivi suruba goére daha koyu kirmizi renkte,
daha kivamli ve akigkan oldugu belirlenmistir. L ve a
degerlerinin duserek rengin kizilimtiraga dénmesi,
pekmezin igerdigi sekerin belli bir miktarinin
yanmasinin gostergesidir. Daha uzun stren 1s1l iglem,
renk kararmasina sebep olarak kurumadde
miktarinin da yiikselmesine ve boylece vizkozitenin
artmasina sebep olmustur.

Isil iglem, gidalarin raf Omrini uzatmasinin yani
sira, son Urin kalitesi Uzerinde tat ve goriinis gibi
onemli etkiler yaratan bir prosestir. Isil iglem,
Maillard reaksiyonu, karamelizasyon gibi bir dizi
kimyasal reaksiyona baghh  olarak gidalarda
degisikliklere sebep olabilmektedir. Pekmezler
meyvelerin 181l iglem uygulanarak isglenmesi ile
uretildiginden pekmezin ortaya c¢ikisinda meyve
siras1  istenilen duyusal  ozelliklere, seker
konsantrasyonuna ve kivama sahip olana kadar 1sil
islemle koyulastirilmigtir. Goknar meyvesinden daha
fazla besin maddelerinin alimi, meyvenin (kozalak)
suda bekletilip, kaynatilmasi ve sirasinin konsantre
edilerek pekmez haline getirilip tiiketilmesiyle
mimkiin olabilir.

Goknar pekmezinin FTIR analizlerinde cihaz
kitiphanesinde HMF’ye rastlanmamasinin
kullanilan 1s1l yontemin dusiik sicaklikta olmasi ile
alakal olabildigi distnilmektedir. Goknar
surubunun FTIR analizine bakildiginda da yine cihaz
kitiphanesinde HMF tespit edilemedi. Goéknar
suruplar1 tretim metodunda seker ilavesi olmamasi
bu durumu agiklamaktadir. Tim kaynatma iglemine
maruz kalan gekerli triinlerde HMF hem iglemin
dogru uygulanip uygulanmadigi hem de saghk
acisindan  uygunlugunu goésteren Onemli  bir
parametre oldugu icin bu iki fonksiyonel gidanin
kimyasal karakterizasyonunda tespit edilememis
olmasi olduk¢a 6nemlidir. Bu sonu¢lar FTIR cihaziyla
basit bir bir sekilde tiketiciler i¢in lirtiniin igeriginin
bilegenlerinin kalitesinin belirlenmesi noktasinda yol
gosterici olmustur. Bu yonteml ileriki calismalarda
farkli oranlarda HMF igceren trinlerin spektrumlari
incelenerek kiyaslama yapilmasi noktasinda o6rnek
bir yéntem olacaktir.

Aragtirmacilari Katk: Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catigsmasi olmadigini beyan ederler.
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Bu calismada, Kahramanmarag ilinde satisa sunulan dékme ve

ambalajli  pul kirmizibiberlerin aflatoksin acgisindan gida Aragtirma Makalesi
giivenlikleri arastirilmigtir. Kirmizibiberlerdeki aflatoksin

miktarlari HPLC cihaz ile belirlenmistir. D6kme 6rneklerin toplam Makale Tarihgesi
aflatoksin ve aflatoksin Bi igerikleri sirasiyla 2.75+0.02-71.10+0.64 Gelig Tarithi @ 10.08.2023
ve 0.26+0.01-53.01+0.57 pg kgl, ambalajli o6rneklerde ise O- Kabul Tarihi :19.10.2023
42.01+0.36 ve 0-36.01+£0.27 ug/kg araliklarinda bulunmustur. Yasal

sinirlar gbéz o6ninde bulunduruldugunda, dékme tipi Orneklerin Anahtar Kelimeler

%42’si en gok 10 pg kg toplam aflatoksin sinir1 ve %701 en ¢ok 5 pg Aflatoksin

kgl aflatoksin B:i smir1 igerisinde bulundugu belirlenmistir. Ambalajli1 Gida

Ambalajli 6rneklerin ise sirasiyla %681 ve %621 bu sinirin Ambalajsiz Gida
icerisindedir. Orneklerin toplam aflatoksin veya aflatoksin B: HLPC

igeriklerinin en az birinin yasal sinir1 agmasi baz alindiginda, dokme
orneklerin %60’nin, ambalajli 6rnekleri ise %36'nin sinir dig1 oldugu
tespit edilmistir. Tim &rneklerin (dékme ve ambalajli) aflatoksin
diizey dagilimlar: i¢in veriler belirli araliklarda gruplandirilmigtir.
Toplam aflatoksin i¢erigi bakimindan yasal sinir1 yaklagik 10 katina
kadar asan grupta dékme kirmizibiber orneklerine rastlanmilmagtir.
Calismadaki veriler, baharathik kirmizibiberlerin hasat, tiretim veya
satis asamalarinda yanlis uygulamalarin yapildiginin  bir
gostergesidir. Satis seklinin de 6nemli oldugu ¢calisgmadan gikarilacak
diger bir sonugtur.

Kirmizi biber

Determination of Aflatoxin Contamination of Bulk and Packed Spice Red Peppers

ABSTRACT
In the present study, the food safety of the bulk and packed spice red

Food Enginerring

peppers offered for sale in Kahramanmaras was investigated in Research Article
terms of aflatoxin. Aflatoxin amounts in the red peppers were Article Hi
determined by HPLC. It was determined that the total aflatoxin and R tlc_ € dlstory‘ 0.08.2023
aflatoxin B: contents of the bulk samples were 2.75+0.02-71.10+0.64 Aecelved : 19' 0'2023
and 0.26+0.01-53.01+0.57 pug kg'l, respectively, and 0-42.01+0.36 and Seeie S0
0-36.01+£0.27 pg kgl in the packed samples. Considering the legal
. . Keywords
limits, it was determined that 42% of the bulk type samples were Aflatoxin
within the maximum 10 pg kgt total aflatoxin limit and 70% were HPLC
within the maximum 5 pg kg? aflatoxin B: limit. On the other hand, Packed food
68% a nd 62% of packaged products are within this limit ackec 109
) Unpacked food

respectively. Since at least one of the total aflatoxin or aflatoxin Bi
contents of the samples exceeded the legal limit, it was determined
that 60% of the bulk samples and 36% of the packed samples were
off-limits. The present data for aflatoxin level distributions of all
samples (bulk and packed) are grouped within certain ranges. It was
found that bulk red pepper samples were in the group that exceeded
the legal limit approximately 10 times in terms of total aflatoxin
content. The data in the study is an index that incorrect applications
are made during the harvest, production or sale stages of spicy red
peppers. Another conclusion to be drawn from the study is that the
form of packaging is also important.
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GIRIS Aflatoksinler, en toksik mikotoksinler arasinda yer

Kirmizibiber, Solanaceae familyasina ait olan almakta olup en 6nemli treticileri Aspergillus flavus

Capsicum annuum L. tirine dahil tek yillik olarak
yetigsen ve Tirkiye'de de uretilen ¢ok 6nemli tarimsal
urtiinlerden biridir. Turkiye'nin her bolgesinde
tiketilen ve ekonomisinde &nemli yeri olan bir
baharat cesididir. Diinyada en ¢ok baharat kullanan
ulkeler arasinda Tiurkiye ilk siralardadir. Tiketilen
baharatlar icerisinde ilk sirayr  kirmizibiber
almaktadir (Akbay ve ark., 2012). Ekonomik
degerinin yaninda, A ve C vitaminlerince oldukca
zengindir (Doymaz & Pala, 2002). Ayrica, kalsiyum,
fosfor ve potasyum maddelerini de icermekte ve insan
vicudundaki zararli kimyasallara karsi micadele
etmektedir (Cuhadar, 2008). Tirk Gida Kodeksi
Baharat Tebligi'ne gore “Pul Kirmizibiber, Capsicum
(Solanaceae) cinsine giren bitkilerin tam olgunlasmis
meyvelerinin  teknigine uygun olarak saplar
alindiktan sonra kurutulup, su ile tavlamp, farkh
boyutlarda 6gutilerek ya da parcalanarak pul haline
getirilmisg, yemeklik bitkisel sivi yag ve yemeklik tuz
karistirilmis hali” olarak tamimlanmaktadir (Anonim,
2013).

Mikotoksinler; mantarlar tarafindan duretilir ve
insanlar ve hayvanlar i¢in toksik olduklar
bilinmektedir. Yaygin  mikotoksinler arasinda
aflatoksinler, okratoksinler, zearalenon, patulin,
sterigmatosistin, sitrinin, ergot alkaloidleri,
deoksinivalenol, fumonisinler, trikotesenler,

Alternaria toksinleri, tremorjenik mikotoksinler,
fusarinler, 3-nitrokloropropiyonik asit 6lum de dahil
olmak tzere hem hayvanlar hem de insanlar lizerinde
cesitli saglik riskleri bulunur (Awuchi et al., 2021).
Genel olarak, mikotoksinlerin olusumu en fazla 20-
30°C’ler arasinda, 3.5-5.5 pH’larda ve 0.85- 0.90 veya
izerindeki su aktivitesinde olmaktadir (Sahin &
Korukluoglu, 2000). Bugiine kadar 400 mikotoksin
tanimlanmig olmasina ragmen bunlardan bes veya
alt1 tanesi cok 6nemlidir (Jard et al., 2011; Anklam &
Stroka, 2002; Park, 2002). Mikotoksin iireten
mantarlar, bitkiyi hasat 6ncesi donemde veya hasat
sonrasinda enfekte edebilirler. Pek ¢ok cins mantar
biylime, gelisme ve mikotoksin tiretimi igin belli
kogullara ihtiya¢ duyar. Bu kosullar o6zetle; nem,
sicaklik, substrat tipi ve besinsel faktorler, atmosfer
oksijen ve karbon dioksit diizeyleri, diger mantar
tirlerinin varligi, cografi konum, genetik sartlar
olarak siralanabilir (Steyn & Stander, 1999; Concon,
1988). Kiif bulasisi, gelisimi ve mikotoksin iiretimi;

igleme, depolama, nakliye veya satig yerlerinde
olugabilmektedir. Is1 ve ylksek nem igerigi kuf
gelisiminde ani artiglara neden olabilmektedir

(Omaye, 2004).
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ve Aspergillus parasiticus’ tur (Bennet & Papa, 1988).
Aflatoksin kelimesi 3 kelimenin birlesiminden
olusmaktadir, Aspergillus cinsi i¢in a, Flavus tira
icin fla ve toksin zehir anlamina gelmektedir (Hossein
&Giirbiiz, Y., 2015). 20 farkh aflatoksin tanimlanmis
olmasina ragmen (Sherif et al., 2009.), tarimsal
urunlerde en sik rastlanan aflatoksinler B1, Be, G1 ve
G2dir (Sen & Nas., 2010). Uluslararast Kanser
Arastirma Vakfi TARC) tarafindan Grup I karsinojen
olarak smiflandirilmistir (Coskun & Unsal, 2020). Bu
gruptan en toksik ve en karsinojenik olani aflatoksin
Brdir (Koutsias et al., 2021). Aflatoksinler misir,
yerfistigi, ceviz, Brezilya fistig1, keten tohumu,
karbonhidrat igerigi yuksek olan diger gidalar ve
hatta  bitki ve  baharatlarin sik  gérilen
bulasilardandir (Farber et al., 1997; Steyn & Stander,
1999; Vidyasagar et al.,1997). Bilesmis Milletler Gida
ve Tarim Orgiitii (FAO)'nun bildirdigine gére diinya
tarim Urlnlerinin %251 mikotoksinlerle kontamine
olmustur (Anonymous, 2021).

Bugiin gelinen noktada insanlari bu toksik grubun
etkilerinden korumak amaciyla mikotoksinlerin gida
ve yemlerde bulunabilecek (tolere edilebilir) en
yiksek miktarlar: yasal diizenlemelerle
belirlenmekte, her iilkenin limit (sinir) degerleri
farkli olsa da uluslararasi ticarette belli normlara
yaklagmak icin caba sarf edilmektedir (Tunail, 2000).

Aflatoksin kontaminasyonun onlenemedigi
durumlarda tirtinden aflatoksinin uzaklastirilmasi ve
detoksifikasyon i¢in fiziksel, kimyasal ve Dbiyolojik
bircok yontem uygulanmaktadir. Fakat, uygulanan
yontemlerin hicbiri tam olarak saghkli sonug
vermemektedir. Aflatoksin {Uriinden tam olarak
uzaklagtirilamamakta veya uzaklagtirilsa bile bir yan
etki birakmaktadir (Ozkaya & Temiz, 2003;
Arslangray, 2015).

Mevcut c¢alismada HPLC analiz yontemi ile
Kahramanmarag'ta perakende satisa sunulmus pul
kirmizibiberlerin aflatoksin B:1 ve toplam aflatoksin
kontaminasyonlarinin belirlenmesi amac¢lanmagtir.

MATERYAL ve METOD
Materyal

Kahramanmaras ilinin farkli satis noktalarindan 1
kg’hk 50 adet ambalajli ve 1 kg 50 adet dokme
baharatlik pul kirmizibiber satin alinmigtir. Dokme
biber, perakende satigs yapan yerlerin 10 veya 25
kg’'lik gibi torbali Urtinleri satin aldiktan sonra
tezgahlarda kaba dokiilen agikta kirmizibiberlerdir.
Acikta satilan  kirmizibiberlerde, kirmizibiberi
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tanitan ambalaj, paket, dokiiman, bildirim, etiket gibi
higbir yazi, bilgi, ticari marka, marka adi, resimli
unsur veya isaret bulunmamaktadir. Ambalajli
kirmizibiberlerde ise tUretim bilgileri mevcuttur.
Ornekler numaralandirilarak kodlanmigtir. Dékme
ornekler rastgele 1-50, ambalajli 6rnekler ise 51-100
arasinda numaralandirilmisgtir.

Yontem
Kirmizibiberlerdeki aflatoksin (Bi, Bz, Gi, G2
miktarlarinin  belirlenmesinde = AOAC 999.07

(Anonymous, 2000) analiz metodu kullanilmigtir.
Gida maddelerinde aflatoksin tayini i¢in kullanilan
HPLC analiz yontemine gore 6rneklere uygulanan 6n
islemlerden sonra ornekleme, ekstraksiyon,
ekstraktin temizlenmesi, immunoaffinite ve HPLC’ye
enjeksiyon iglemleri gergeklestirilmigtir.

Isiktan korumak i¢in koyu renkli ambalajlara
konarak alinan oOrnekler ogitilerek homojen hale
getirilmistir. Blender kabina (1000 mL) 50 g 6érnek
0.01 g hassasiyetle terazide tartilmigtir. Uzerine 5 g
NaCl (Merck; Darmstadt, Almanya) ilave edilerek, 40
mL saf su ve 160 mL metanol (Merck; Darmstadt,
Almanya) eklenmistir. 30 dk. calkalayicida
karigtirilarak, cam huni kullanilarak kaba filtre
kagidindan ve Whatman No:4 filtre kagidindan
gecirilmis ve sonra membran filtreden gecirilerek
ekstraksiyon: iglemi gerceklestirilmistir.
Immunoaffinite (R-Biopharm Aflaprep P07) kolonu
énceden 10 mL fosfatlh tamponlanmis tuz (PBS)
¢ozeltisi gecirilerek sartlandirilmigtir. 20 mL’lik
enjektore 2 mL ekstrakt alinmis ve lizerine 10 mL
PBS ve 10 mL saf su ilave edilmistir. Kolondan
saniyede 1 damla akacak sekilde gecirilmigtir. Daha
sonra 2 kez 10 mL saf su gegirilerek yikama
yapilmistir. Akis hizi en fazla 5 mL dk?'ya
ayarlanmigtir. Kolondan birka¢ kez hava gecirilip su
tamamen gikarilmigtir. Tim metanol 15 mL’lik koyu
renkli vialde toplanmistir. Saf su (1 mL) ile islem
tekrarlanmis ve su aym viale alinmistir (toplam
hacim 2 mL’dir). Vortekste iyice karistirilmig ve 2
mLlik viale alinmagtir.

Orneklerin HPLC (Shimadzu LC-20 AT, floresan
dedektér adapteli (Shimadzu RF-20A) cihazina
enjeksiyonundan 6nce kalibrasyon egrisi hazirlanmig
ve standart soliisyonu kullanarak kontrol edilmigtir.
Standart enjeksiyon sonucu kabul edilebilir bir sonug
ise Orneklerin enjeksiyonu yapilmigtir. Her bir
ornekten 1 defa olmak tzere 100 plL enjeksiyon
yapilmistir. Ornek (50 g) 200 mLye seyreltilmis, bu
karigigmdan 2 mL alimmistir. Ornek (0.5 g 1 mL
metanol ve 1 mL saf su ile seyreltilmistir (seyreltme
faktorii: 4). Cihaza seyreltme faktorii yazlarak ve
cikan pikin integrasyonu alinarak sonu¢ pg kg!
olarak bulunmustur. Cihazin calisma kosullar,
pompa akis hizi1 1 mL dk!, detektér eksitasyon dalga
boyu 360 nm, emisyon dalga boyu 430 nm, Kobra Cell
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akim kaynagr 100 pA sekildedir. Karma aflatoksin
standart ¢ozeltisinden (CRM46304, Supelco) metanol
icerisinde aflatoksin standart ¢ozeltileri hazirlanarak
her bir aflatoksinin bes noktali kalibrasyon egrileri
cizilmigtir. Orneklerdeki aflatoksinler, alikonma
stireleriyle  tanimlanmig ve pik alanlarinin
kalibrasyon egrilerindeki alanlarla
kargilagtirilmasiyla miktarlar belirlenmigtir.
Aflatoksin Bi, B2, Gi1 ve G2 'iIn tutulma sireleri
sirasiyla 40.0, 29.5, 23.7ve 17.7 dk’dir. Her gaz
muamelesi i¢in U¢ tekrar yapilmistir. Degisik
aflatoksin konsantrasyonlarina (sirasiyla 0.025-0.5,
0.0073-0.150, 0.248-0.5 ve 0.0068-0.140 ng L1
aflatoksin Bi, B2, Gi ve G2 sahip kalibrasyon
egrilerinden tespit (LOD) ve miktar (LOQ) limitleri
belirlenmigtir.  Egrilerden, standart sapmalar
sirasiyla 3,25 ve 9.95 ile ¢arpilip kalibrasyon egrisinin
egimine bolinerek LOD ve LOQ degerleri
hesaplanmigstir. Aflatoksin Bi, B2, G1 ve Gz i¢cin LOD
degerleri sirasiyla 0.015, 0.015, 0.025 ve 0.04 pg Llve
LOQ degerleri sirasiyla 0.048, 0.049, 0.076 ve 0.12 pg
L1 olarak belirlenmistir. Genigletilmis belirsizlik k=2
(%95 giiven arahginda), geri kazamim oranlar:;
aflatoksin Bi: %95 ve toplam aflatoksin: %92.

Istatistik Analizler

Ornek  ortalamalarmmin  arasinda  istatistiksel
farkliliklarin belirlenmesinde T-testi uygulanmigtir.
Farkhiliklarai  belirtmek  icin  Duncan  ¢oklu
karsilastirma  testi kullamilmigtir. Istatistiksel
farkliliklar %5 6nem seviyesine goére belirlenmigtir.
Analizler 3 tekerriirli olarak yurutulmustir. Veriler
SPSS Statistics 27 paket programi (IBM, ABD)
kullanilarak degerlendirilmistir.

BULGULAR ve TARTISMA

Do6kme pul kirmizibiber 6rneklerin toplam aflatoksin
(AFtoplam) ve aflatoksin Bi (AFp1) miktarlar Cizelge
1’de verilmistir. En yiiksek AFtoplam (71.10£0.64 ug kg’
1) 27 nolu 6rnekte, en diisiik (2.75+0.02 pg kg?) ise 30
nolu 6rnekte gérilmiigtiir. Orneklerin AFg; igerikleri
0.26+0,01-53.01+0.57 pg kg'! arasinda bulunmustur.
Cizelge 2'de ambalajli pul kirmizibiber 6rneklerin
AFtoplam ve AFp1 verilmistir. Orneklerin ikisinde
aflatoksin miktar:1 tespit edilemeyen diizeyde oldugu
belirlenmigtir. Bu tespit edilemeyen degerler 0 kabul
edilirse, 6rneklerin AFioplam miktarlar1 0-42.01+0.36
pg kgt! araliginda, AFs: miktarlarinin ise O-
36.01+0.27 ug kg araliginda oldugu tespit edilmigtir.

Tiirk Gida Kodeksi Yénetmeligime (Anonim, 2013)
gore baharatlik kirmizibiberlerde bulunabilecek en
yiksek AFtoplam i¢in 10 pg kgl ve AFB: i¢in 5 pg kgl
sinir degerleri baz alindiginda, orneklerde tespit
edilen aflatoksin degerlerin herhangi birisinin iki

simir degerden yiksek olmasi gida gilivenirligi
agisinda o Urininin uygun olmayan 6rnek
kategorisinde degerlendirilmekte veya risk kabul
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edilmektedir. Bu acidan, doékme tip Orneklerin
30’unun, ambalajli tip Orneklerin 18inin uygun
olmayan 6rnek oldugu belirlenmistir.

Dékme ve ambalajli 6rneklerin ortalama AFioplam ve

AFp1 miktarlan

arasinda

istatiksel olarak fark

Cizelge 1. Dokme turiinlerin aflatoksin kontaminasyonu*
Table 1. The aflatoxin contamination of the bulk products

bulunmustur (p<0.5). Dékme 6rnegin ortalama
AFioplam miktari ambalajli 6rnege gore daha yiiksek
bulunurken, ambalajli o6rnekte ortalama AFs:
miktarinin daha fazla oldugu tespit edilmistir (Sekil

1)

Ornek AF'toplam AFn: Ornek AFtoplam AFB1
e 22.96 +0.35 4.71 £0.03 26 17.99 £0.14 5.53 +0.04
] 57.86 +0.79 43.37 £0.47 27 71.10 +0.64 53.01 £0.57
R 17.34 £0.17 0.26 +0.01 28 9.05 +0.09 3.87 £0.03

4 8.96 +0.06 3.22 £0.02 29 5.73 £0.05 1.00 £0.01
ER 12.48 +0.08 3.01 +0.03 30 2.75 +0.02 1.15 +0.01
6 20.76 0.15 5.95 +0.03 31 7.65 £0.06 1.58 £0.01
] 23.05 £0.18 4.41 £0.03 32 6.83 £0.05 0.48 £0.01

8 6.82 £0.07 1.98 £0.01 B 19.57 £0.16 3.87 +0.03

9 8.02 £0.08 4.21 +0.03 34 3.31 £0.03 1.98 £0.02

10 9.79 +0.09 4.89 +0.03 35 18.48 +0.14 12.31 +0.09
1 16.48 £0.12 7.25 +0.06 36 5.60 £0.03 3.67 +0.02
12 18.68 +0.13 3.91 +0.02 R 20.11 +0.14 13.63 +0.09
=R 19.44 +0.14 3.95 +0.03 38 36.01 +0.28 9.51 +0.08
14 37.38 £0.22 14.52 £0.09 39 11.35 £0.10 6.21 +0.05
N 20.13 +0.13 9.65 +0.09 40 18.44 £0.15 6.11 £0.05

16 8.17 +0.08 2.98 +0.03 41 9.99 £0.09 0.36 +0.01
] 10.35 £0.08 1.00 £0.01 42 3.77 +0.02 1.42 £0.01

18 9.01 £0.08 1.01 £0.01 43 6.89 £0.05 3.04 £0.02
19 22.62 +0.14 2.07 +0.02 44 1.93 £0.01 0.34 £0.01
20 15.38 +0.09 1.25 +0.01 45 2.89 +0.02 1.11 +0.01

21 8.72 +0.07 0.68 0.01 46 14.33 £0.09 3.89 +0.02
22 14.27 +0.14 1.26 £0.01 a7 17.44 £0.14 6.35 +0.04

23 3.62 +0.04 0.65 +0.01 48 26.11 0.17 21.9 +0.14
24 27.11 £0.17 3.63 +0.02 49 17.00 +0.10 1.22 +0.01

25 9.31 £0.06 7.93 £0.05 50 11.21 £0.09 2.88 £0.02
Ust Sinir** <10 <5

- Yonetmelige uygun olmayan 6rnek

*Veriler, ii¢ tekerriiriin ortalama degerlerini ve standart hatalarin ifade etmektedir. AFoplam’ toplam aflatoksin (ug kg), AFe:: aflatoksin B:

(ug kg

**Tiirk Gida Kodeksi Bulasanlar Yénetmeligine gére (29 Aralik 2011 tarih ve 28157-3. Miikerrer sayili Resmi Gazete)

TE: tespit edilemedi

Tiim o6rneklerin (dékme ve ambalajl) aflatoksin
dizey dagilimlari i¢in ¢izelgelerdeki veriler belirli
araliklarda gruplandirilmistir. En yiiksek degerler
ol¢t alinarak AFtoplam i¢in 10 pg kg birim araliginda
8 grup ve AFB1 i¢in 5 ug kg! birim araliginda 11 grup
olugmustur. Ornekler ise yiizde olarak ifade
edilmistir. Sekil 2’de AFtoplam ile % 6rnek sayisi iligkisi
gosterilmigtir.
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Ilk grup, hem dékme (%42) hem de ambalajli (%68)
ornek ylizdesi en fazla olan grup cikmagtir. Daha
sonra sirasiyla 2, 3 ve 4. gruplar gelmektedir. Grup 6,
7 ve 8de ambalajli o6rneklere rastlanilmamistir.
Dokme o6rnekler grup 5 ve 7'de bulunmamiglardir.
Grup 8'te dékme 6rnegin %2 dizeyinde oldugu tespit
edilmigtir.
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Cizelge 2. Ambalajli tirtinlerin aflatoksin kontaminasyonu*

Table 2. The aflatoxin contamination of the packed products

Ornek AFtoplam AFm Ornek AFtoplam N
51 1.97 £0.02 1.69 £0.01 76 0.53 £0.01 0.53 £0.01
52 0.37 £0.01 0.37 £0.01 77 3.5 +0.03 3.01 £0.03
53 0.26 £0.01 0.26 £0.01 78 3.98 £0.03 3.87 £0.03

. 54 14.55 +0.12 13.22 +0.10 79 TE TE
. 55 38.44 £0.25 31.01 £0.20 80 35.98 £0.38 33.45 £0.32
56 2.27 £0.02 1.95 0.01 81 1.58 +0.01 1.58 +0.01
57 1.41 £0.01 1.41 £0.01 82 0.48 +0.01 0.48 +0.01
58 2.01 £0.02 1.98 £0.02 83 1.36 £0.01 0.87 +0.01

59 39.33 +0.31 34.21 +0.24 84 TE TE
60 7.54 £0.05 6.89 £0.05 85 15.22 +0.13 12.31 £0.09
61 1.52 +0.01 1.52 £0.01 86 4.01+0.03 3.67 £0.02
62 4.22 +0.03 3.91 £0.03 87 25.44 +0.19 20.11 +0.14
63 5.21 £0.04 3.95 £0.02 88 42.01 +0.36 36.01 £0.27
64 4.82 +0.03 4.52 +0.03 89 7.58 £0.07 6.21 £0.05
65 28.11 0.17 23.65 +0.14 90 3.11 £0.02 2.11 £0.02
66 12.33 £0.08 9.98 +0.06 91 13.41 £0.09 9.99 +0.06
67 25.97 £0.17 21.00 +0.14 92 2.03 +0.02 1.42 £0.01
68 20.58 +0.14 18.01 +0.12 93 7.36 £0.05 6.89 £0.05
69 1.22 +0.01 1.01 +0.01 94 0.34 £0.01 0.34£0.01
70 1.51 +0.01 1.25 £0.01 95 3.11 +0.02 2.89 £0.02
71 0.70 £0.01 0.68 £0.01 96 4.87+0.03 3.89 £0.03
72 1.26 +0.01 1.26 £0.01 97 19.22 +0.12 17.44 +0.10
73 4.11 +0.03 3.62 £0.03 98 26.35 +0.20 26.11 +0.20
4 28.11 0.2 27.11 £0.17 99 3.14 £0.02 1.22 £0.01
j 10.05 +0.08 9.31 £0.06 100 5.01 +0.03 2.88 £0.02

Ust Sinir** <I0 <5

- Yonetmelige uygun olmayan 6rnek

*Veriler, ii¢ tekerriiriin ortalama degerlerini ve standart hatalarini ifade etmektedir. AFtopam® toplam aflatoksin (ug kg), AFg:: aflatoksin B,

(ug kgt

**Tiirk Gida Kodeksi Bulaganlar Yénetmeligime gore (29 Aralik 2011 tarih ve 28157-3. Miikerrer sayili Resmi Gazete)

TE: tespit edilemedi

AFB1 gruplari agisindan % ornek sayisi dagilimlar:
Sekil 3’de verilmistir. Dékme o6rneklerin %701 ve
ambalajli 6rneklerin %62’si grup 1’de yer almistir.
Dokme 6rneklere 5. grupta rastlanilmamistir.

Ambalajl1 o6rnekler ise grup 9, 10 ve 11'de
bulunmamigtir. Genel olarak bakildiginda satisa
sunulan doékme tipi kirmizi biberlerin ambalajl
olanlara gore daha fazla dagilim goésterdigi ve en
yiksek gruplarda aflatoksin igerdigi gorulmektedir.
Bununla  Dbirlikte; doékme  ornekler ambalajli
orneklerle karsilagtirildiginda, dokme o6rnekler daha
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fazla risk olusturmaktadir (Sekil 4). Burada; en az bir
sinir degerini  (toplam veya Bi) asmis ddékme
biberlerin ytizdesi %60, ambalajlilar i¢cin %36 oldugu
goriilmektedir. Atasoy ve ark. (2017) analiz ettikleri
isot orneklerinin %10’nunun AFB: agisindan yasal
sinirlar: astiklarim bildirmiglerdir. Dasbas1 (2022)’'da
yasal limitleri agsan yol kenarinda satilan ev yapimi
kirmiz1 biberlerin oldugunu belirlemigtir. Ambalajsiz
olarak satilan Van ilinde de benzer sonuglar tespit
edilmistir (Yiicel, 2022).
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Sekil 1. D6kme ve ambalajli 6rneklerin ortalama AFioplam ve AFB1 miktarlara
Figure 1. The mean AFiota and AFp: amounts of the bulk and packed samples
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Sekil 2. Orneklerin yiizdesel AFtoplam miktarlarina dagilimlar:
Figure 2. The percentage distributions of the samples to aflatoxin AFtopiam contamination
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Sekil 3. Orneklerin yiizdesel AFg: kontaminasyonlarina dagihimlary
Figure 3 The percentage distributions of the samples to aflatoxin AFp; contamination
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Sekil 4. Simir dig1 6rneklerin yizdesel dagilimlar:

Figure 4 The percentage distribution of samples exceeding legal maximum Ilimits

Baharatlik kirmizibiberlerde aflatoksin olusumu;
hava veya topraktan bulasan kiflerin varhigindan
dolayr meyveler bitki tzerinde iken baglamaktadir.
Hasat sekli de 6nemli 6l¢iide etkili olmaktadir, ¢linki
hasat islemi ekonomik sebeplerden dolay: tek seferde
yapilmaktadir. Erken olgunlagmigs meyveler, biber
tarlasinin tamaminin hasadina karar verilene kadar
bitki Uzerinde bekletilmesi temel sebep oldugu
soylenebilir. Bundan sonra aflatoksin igerigi
zincirleme birbirini takip eden islemlerle dogrudan
iligkili olabilmektedir (Or; depolama, kurutma ve
paketleme gibi). En son satis yerleri ve satis sekli
(ambalajli veya dokme) de onemlidir. Calismada
dokme tip orneklerin aflatoksin igerikleri ambalajli
tiplere gore daha yuksek bulunmasi, satis seklinin
onemini vurgulamaktadir. Yalmiz bu satis seklini
etkileyen en buylk sebep satis yerlerinin gevresel
sartlaridir. Ornegin, bagil nem ve sicaklik degerlerine
bagli olarak balik pazarlar1 gibi satig yerleri kuf
gelisimi i¢in ideal ortamlardir. Dékme biberlerin AFg:1
iceriklerinin grup 9 ve 11’deki gibi ¢ok yliksek olmasi
¢evre sartlarinin olumsuzlugunun gostergesi olabilir.
Grup 1 (yasal sinir grubu)’den 8 ve 10 kat fazla olan
grup 9 ve grup 11’de (biitiin 6rneklerdeki en yiiksek
AFp; icerigine sahip gruplar) %2 diizeylerinde érnek
bulunmas1 oldukga ciddi bir gida giivenligi sorununa
igarettir.

Son yillarda gidalardaki toksinlerin detoksifikasyonu
izerinde yogun c¢aligmalar bulunmaktadir. Pankaj et
al. (2018) cesitli gidalardaki aflatoksin iceriklerinin
azaltilmas1 ile ilgili uygulamalar1 6zetlemiglerdir.
Konvensiyonel 181 uygulamalari ilk
uygulamalardandir. Mikrodalga, kimyasal (laktik
asit, hidrojen peroksit, ozon veya ozonlastirilmig su
gibi), radyasyon (X, ultraviyole veya gama isinlari
gibi), elektrolize su ve soguk plazma uygulamalar: da
mevcuttur. Park ve ark. (2007) atmosfer basincinda
mikrodalga argon plazmasi uygulayarak AFpi'in cam
substrat tizerinde 5 saniyede tam bir bozunmasini
rapor etmiglerdir. Fakat uygulamalar hala ekonomik
degil ve genelde yeterli diizeyde basarn
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saglanamamigtir.  Tiketicilerin gida  givenligi
acisindan en gecerli uygulama devlet kontroliindeki
denetimlerdir. Gidalardaki sinir dig1 aflatoksin igerigi
sorunu sadece Turkiye’yve mahsus degildir, diger
bircok iilkede de aym sorun mevcuttur (Koutsias et
al., 2021; Tsehaynesh et al., 2021; Salari et al., 2012).
Kirmizibiber ftizerine Turkiye kaynakli benzer
calismalarda vardir (Agaoglu,1999; Dokuzlu, 2001;
Kanbur ve ark., 2006; Set & Erkmen, 2010;
Arslangray, 2015; Demir ve ark., 2019; Coskun &
Unsal, 2020.). Malatya ilinde baharat ticareti yapan
firmalardan temin edilen kirmizibiber oérneklerinde
Aflatoksin B1 0.20-79.37ug kg'lve AFtoplam 0.22-93.05
pg kgl aralklarinda olcilmistir (Ugur, 2022).
Kirmizi biberde Aflatoksin B: varliginin sistematik
derlemesi ve meta-analizinde en diisiik ve en yuksek
AFp; konsantrasyonlar: sirasiyla Kore (0.14pg kg?) ve
Tiirkiye'de (31.13ug kg!) kirmizi biberlerinde olarak
gozlemlenmistir (Sevdin ve ark., 2021). Cukurova ve
Dogu Akdeniz Bolgesi'nde Satigsa Sunulan kirmizi pul
biber 6rneklerinin %28inin (7 adet) AFp; acisindan
standartlara uymadigr tespit edilmistir. Biber
orneklerin %16’sinda (4 adet) AFoplam tespit edilmigtir
(Hepsag & Hayoglu, 2022).

SONUC ve ONERILER

Bu ¢alisma sonucunda, piyasada satiga sunulan pul
kirmizibiberlerde yasal sinirlarin tizerinde AFp: ve
AFtoplam sonuglarinin belirlenmesi hasat, kurutma,
isleme, paketleme ve depolama ve satis asamalarinda

yanhs uygulamalarin yapildigim1 géstermektedir.
Satis  seklinin de oOnemli oldugu c¢alismadan
¢gikarilacak diger bir sonugtur. Cunki dékme

biberlerde yasal simirin yaklagitk 10 katina kadar
aflatoksin bulunmasi bunun géstergesidir. Aflatoksin
detoksifikasyon  uygulamalari lizerine yogun
¢alismalar olmakla birlikte sanayiye uygulanabilirligi
tartismalidir. Halen gidalarda aflatoksin varligi, halk
saghgr ve gida gilvenligi i¢in potansiyel bir risk
olusturmaktadir. Bu nedenle uriinin tarladan
sofraya kadar olan olusum silireglerinde aflatoksinin
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olusmamas1 i¢in gerekli olan tedbirlerin &énceden
alinmasi gerekmektedir.

Cikar Catismas1 Beyani

Yazarin makale ile ilgili bagka kigiler veya kurumlar
ile ¢ikar ¢atigmasi bulunmamaktadar.
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OZET Gida Bilimi

Bu calismada, zengin folat igerikli yogurt yapiminda starter kiltur

olarak kullanilabilecek bakterilerin arastirilmasi hedeflenmistir. Bu Aragtirma Makalesi
amacla Tiirkiye'nin cesitli ilcelerindeki (Keciéren, Yenimahalle,

Cankaya, Sincan, Altindag/Ankara, Orta/Cankiri, Merzifon/Amasya, Makale Tarihgesi
Giilsehir/Nevsehir, Goyniik/Bolu, Silifke/Mersin, Sungurlu/Corum) Gelig Tarihi  :11.05.2023
geleneksel yontemlerle yapilan yogurtlardan 31 Lactobacillus spp. ve 32 Kabul Tarihi :28.11.2023

Streptococcus spp. olmak tlizere toplam 63 bakteri izole edilmigtir. Elde
edilen bakterilerin API 50 CH kiti ile biyokimyasal tanimlamasi

Anahtar Kelimeler

gergeklestirilmigtir. Tesadifen secilen 4 Laktobasil ve 4 Streptokok Intraselliiler folat

izolatinin 16S rDNA gen boélgesi ile molekiler tanimlamasi Ekstraselltiler folat
gerceklestirilmistir. Folat icermeyen kiiltiir ortami1 (FACM), yagsiz siit Lactobacillus delbrueckii subsp.
ve MRS/Elliker besi ortamlarinda ¢ farkli tampon uygulamasinda bulgaricus

(potasyum fosfat, sodyum fosfat ve sodyum asetat) bakterilerin hiicre ici

Streptococcus thermophilus

ve hiicre dig1 folat lretim miktarlar: tespit edilmistir. Kullanilan
besiyerleri ve tampon c¢ozeltiler arasinda anlamli bir farklilik olup
olmadig1 istatistiksel olarak incelenmigtir. Yagsiz sut Dbesiyerinde
potasyum fosfat tamponu uygulamasinda, Lactobacillus delbrueckii
subsp. bulgaricus ZN1181 susu 105,6 pg L' degeri ile en yiiksek
intraselliiler folat tiretimine sahip oldugu tespit edilirken, Streptococcus
thermophilus 7651 susu FACM Dbesiyeri ve potasyum fosfat
tamponunda en yiiksek ekstraselliller folat iiretimi (79,9 pg L)
gosterdigi belirlenmistir.

Production of Intra-/Extracellular Folate in Lactobacillus delbrueckii subsp. bulgaricus and
Streptococcus thermophilus Bacteria Isolated from Traditional Turkish Yoghurts

ABSTRACT

This study was aimed at examining the bacteria that can be used as
starter cultures in the generation of yoghurt with rich folate content.
For this purpose, 31 Lactobacillus spp. and 32 Streptococcus spp.—a
total of 63 bacteria were isolated from yogurt made with traditional
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methods in various districts of Turkey (Kecioren, Yenimahalle, Received :11'05‘2023
Cankaya, Sincan, Altindag/Ankara, Orta/Cankiri, Merzifon/Amasya, Accepted +28.11.2023
Gulsehir/Nevsehir, Goynuk/Bolu, Silifke/Mersin, Sungurlu/Corum). Keywords

Biochemical identification of the obtained bacteria was made with the Intracellular folate

API 50 CH kit. Molecular identification of four randomly Extracellular folate

selected Lactobacillus and four Streptococusisolates with 16S rDNA Lactobacillus delbrueckii subsp.
gene regions was performed. Intracellular and extracellular folate bulgaricus

production amounts of bacteria were designated in three different buffer
applications (potassium phosphate, sodium phosphate, and sodium
acetate) in folate-free culture medium (FACM), skim milk, and
MRS/Elliker broth. It was statistically examined whether there was a
significant difference between the media and buffer solutions used. In
the application of potassium phosphate buffer in skim milk
medium, Lactobacillus delbrueckii subsp. bulgaricus ZN1181 strain was
found to have the highest intracellular folate production with a value of
105.6 pg/L, while Streptococcus thermophilus 7651 strain showed the
highest extracellular folate production (79.9 ug L) in FACM medium

Streptococcus thermophilus
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and potassium phosphate buffer. rpose, 31 Lactobacillus spp. and 32
Streptococcus spp.—a total of 63 bacteria were isolated from yogurt
made with traditional methods in various districts of Turkey (Kecioren,
Yenimahalle, Cankaya, Sincan, Altindag/Ankara, Orta/Cankiri,
Merzifon/Amasya, Gulsehir/Nevsehir, Goynuk/Bolu, Silifke/Mersin,
Sungurlu/Corum). Biochemical identification of the obtained bacteria
was made with the API 50 CH kit. Molecular identification of four
randomly selected Lactobacillus and four Streptococus isolates with 16S
rDNA gene regions was performed. Intracellular and extracellular folate
production amounts of bacteria were designated in three different buffer
applications (potassium phosphate, sodium phosphate, and sodium
acetate) in folate-free culture medium (FACM), skim milk, and
MRS/Elliker broth. It was statistically examined whether there was a
significant difference between the media and buffer solutions used. In
the application of potassium phosphate buffer in skim milk medium,
Lactobacillus delbrueckii subsp. bulgaricus ZN1181 strain was found to
have the highest intracellular folate production with a value of 105.6
ug/L, while Streptococcus thermophilus 7651 strain showed the highest
extracellular folate production (79.9 pg L) in FACM medium and

potassium phosphate buffer.
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GIRIS

Vitaminler, yagsamimizda bir¢ok fizyolojik fonksiyon
icin gerekli olan organik bilegiklerdir. Folat (B9) gibi
baz1 vitaminler, Dbiyolojik 1iglevleri nedeniyle
fonksiyonel gida bilesenleri olarak kabul edilmislerdir
(Iyer ve Tomar 2009; Levit ve ark., 2020). Folat
metabolik enzimlerin kofaktorleri olarak,
deoksiribontikleik asit replikasyonu, hiicre bolinmesi,
onarim ve metilasyon, niikleotidlerin biyosentezi ve
amino asit metabolizmasi1 gibi 6nemli yollarda yer
almaktadir (Greppi ve ark., 2017; Albano ve ark.,
2020). Ayrica néral tiip defektleri, megaloblastik
anemiler, alzheimer ve koroner hastaliklar,
kolorektal, meme ve pankreas kanseri, bebek biligsel
eksiklikleri, otizm, inflamatuar bagirsak hastaliklari
ve rektal neoplazmalar gibi 6limcil ve kronik
hastaliklarin 6nlenmesinde de etkili rol
oynamaktadir (Da Silva ve ark., 2016; Zhang ve ark.,
2020; Agagunduz ve ark., 2022).

Folat agisindan zengin gida kaynaklari baglica yesil
yaprakl sebzeler, baklagiller, kuruyemisgler,
meyveler, karaciger, yumurta sarisi, turuncgiller,
bazi peynirler ve fermente siit tiriinleridir. Insanlar
vitaminleri  sentezleyemedikleri i¢in  digaridan
almalar1 gerekmektedir (Greppi ve ark., 2017; Khalili
ve ark., 2020). Folatlar cesitli gidalarda bulunmasina
ragmen, bu vitaminin diyet yoluyla alinmas1 ginliik
ihtiyaglar1 karsilamada yetersiz kalabilir. Bu sorunu
gidermek i¢in folik asit ilavesiyle guclendirilmis
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gidalar gelistirilmistir (Levit ve ark., 2020). Baz
ulkelerde belirli gida trinlerinde zorunlu folik asit
takviye programlari olmasina ragmen oOzellikle
hamile veya dogurganhik cagindaki kadinlarda ve
sosyo ekonomik acgidan disik gruplarda folat
eksikligi hala yuksek oranlarda gézlenmektedir. Folik
asit, folatin kimyasal olarak sentezlenmig seklidir ve
yaygin olarak gida takviyesi i¢in kullanilmaktadir.
Folik asit (pteroylglutamik asit) monoglutamat formu
iken, tamamen dogal vitamin formlari
poliglutamatlardir (Hildebrand ve ark., 2021).
Gidalarda bulunan veya belirli mikroorganizmalar
tarafindan {Uretilen folatlarin bireylerde olumsuz
saglk etkilerine neden olmadig1 bildirilmistir (Wright
ve ark., 2007). Bu nedenle folat takviyesi yerine,
fermente gida  Uriinlerinin  Uretiminde  folat
sentezleyebilen laktik asit bakterilerinin kullanilmasi
ve bu gekilde folat tiuketiminin dogal olarak
arttirilmasi 6nerilmektedir (Saubade ve ark., 2017).

Laktik asit bakterilerinin (LAB) hem fermente
edilmis hem de fermente edilmemis cesitli gidalarda
mevcut oldugu bilinmektedir (Mahara ve ark., 2021;
Kizilylldirnm ve Kéksal, 2023). LAB'lerinin cesitli
gidalarin fermantasyonu i¢in starter kultiir olarak
yaygin kullanimlarimin yam sira, fermente triinlerin
glvenligi, raf 6mri, besin degeri ve genel kalitesinin
iyilestirilmesinde oldukca etkili rolleri bulunmaktadir
(Levit ve ark., 2020). Cogunlukla Lactobacillus ve
Bifidobacterium cinslerine ait olan probiyotik
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bakterilerin  konakc¢i  i¢in  vitamin  Uretimi,
enflamasyon ve kansere kars1 daha etkili koruma gibi
cesitli faydali etkileri bulunmaktadir (Haghshenas ve
ark., 2014; Khalili ve ark., 2020). Bu nedenle bircok
calisma, laktik asit bakterileri tarafindan {retilen
yogurt, ayran ve peynir gibi bazi fermente siit
urunlerinde folatin sikhikla arttigini gostermis ve
birgok arastirmaci laktik asit bakterileri suglarim
kullanarak folatin biyosentezine odaklanmigtir (Le
Blanc ve ark., 2011; Zhang ve ark. 2020).
Mikroorganizmalarin folat tiretme yetenegi susa
ozgudir ve buylume kosullarindan etkilenmektedir
(Saubade ve ark., 2017; Levit ve ark., 2020; Mahara
ve ark., 2021). Bircok laktik asit bakteri susu
(Enterococcus spp., Lactobacillus spp., Lactococcus
spp., Lactobacillus  plantarum, Streptococcus
thermophilus) folat biyosentezini
gerceklestirebilirken, baz1 suslarin (Lactobacillus
gasseri, Lactobacillus johnsonii) folat biyosentez
sliirecini denetleyen genleri bulunmadigindan folat
iiretemedikleri gozlenmistir (LeBlanc ve ark., 2007;
Yuksekdag ve Zeydanlh, 2013; Agagunduz ve ark.,
2022).

Sut urunleri, 6zellikle yogurt, folat biyoyararlanimini
artiran folat baglayici proteinleri icermesi nedeniyle
folatin biyogiiclendirilmesi icin oldukca onemlidir.
Folatlarin ntukleotit sentezi, DNA replikasyonu ve
onarimi gibi hiicre i¢in 6nemli roller oynamaktadir ve
folat eksikligi sonucu c¢esitli saghk sorunlar:
gozlenebilmektedir. Bakteriyel folat, diisuk folat
durumlarini 6nlemek ya da tedavi etmek icin
potansiyel bir beslenme kaynag olarak gorilmektedir
(Pompei ve ark., 2007b; Rossi ve ark., 2011; Engevik
ve ark., 2019). Bu calismada, folat eksikligi nedeniyle
olusan hastaliklarin engellenmesi, gida uriinlerinin
folat icerigince zenginlestirilmesi ve folat eksikliginin
dogal yollarla gideriminin saglanabilmesi amaciyla
yiksek folat Uretim  kapasiteleri  sergileyen
mikroorganizmalar: belirlemek hedeflenmistir. Bu
amacla geleneksel yontemlerle yapilan yogurtlardan
63 bakteri (31 Lactobacillus spp. 32 Streptococcus
spp.) izole edilmis ve izolatlarin API 50 CH kiti ile
biyokimyasal tanimlamalar1 yapilmistir. Folat
tiretimine kullanilan besiyerlerinin ve tamponlarin
etkisini belirlemek amaciyla, izolatlarin farkli besi
ortami ve tampon ¢ozeltilerindeki intra-
/ekstraselliler folat Gretimleri tespit edilmistir.

MATERYAL ve METOD

Izolasyon

Tirkiye'nin gesitli bolgelerinden (Keciéren,
Yenimahalle, Cankaya, Sincan, Altindag/Ankara,

Orta/Cankiri, Merzifon/Amasya, Gulsehir/Nevsehir,
Goyniik/Bolu, Silifke/Mersin, Sungurlu/Corum) elde
edilen ve geleneksel yontemlerle yapilan yogurt
orneklerinden 0,1 g alinmis 2 mL’lik steril fosfat
tamponu (PBS, %0,02 KCl, %0,144 NasHPO., %0,8
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NaCl, %0,024 KH:PO., pH 7,2) ile siispanse
edilmigtir. 101”a kadar diliie edilen 6rnekler Man
Ragosa-Sharp (MRS, Merck, Darmstadt, Almanya) ve
Neutral Red Chalk Laktoz (NRCLA, HiMedia, USA)

kat1 besiyerine ekilerek 42°C’da 16-18 saat
inktibasyona birakilmigtir. Tek koloni segilen
orneklerin daha iyl gelismesi ig¢in sisteinli-
MRS/Elliker (MRSC, Merck, Darmstadt, Almanya)
sivi  besiyerlerine  ekim  yapilarak  yeniden
inktibasyona birakilmigtir. Bakteri kiiltiirlerinin

morfolojileri incelenerek Gram (+) basiller ve koklar
izole edilmigtir.

Tanimlama
Biyokimyasal tanimlama

Yogurt numunelerinden izole edilen 31 Lactobacillus
spp. ve 32 Streptococcus spp. Ornekleri tanimlama
i¢in sirasiyla MRS ve Elliker besiyerlerinde 42°C’da
16-48 saat geligtirilmistir. Izolatlarin biyokimyasal
tanimlamalar1 i¢cin API 50 CHL (Bio-Meriéux) test
kiti kullanilmigtir. Dehidrat substratlar bulunduran
mikrotiipciiklere bakteri yogunlugu [Laktobasiller
icin McFarland 2 (6x108 cfu/mL); Streptokoklar icin
McFarland 4 (12x10%®  cfu/mL)] ayarlanan
orneklerden eklenerek 42°C’de 48 saat inkiibasyon
islemi uygulanmigtir. Inkiibasyon siiresi bitiminde
bakterilerin metabolik son urinlerinde renk degisimi
gozlenmigtir. Mor rengin sariya doniismesi pozitif,
ayni kalmasi ise negatif olarak degerlendirilmistir.
API WEB (NTSYSpc 2.0) programinda izolatlar ile
standart ATCC suglarinin API sonuglari
kargilagtirilmigtir.

Izolatlarin molekiller tanimlamasi icin; tesadifen
secilen 4 Lactobacillus ve 4 Streptococcus 1zolatinin
genomik DNA saflastirma kiti (Thermo Scientific)
kullanilarak DNA 1izolasyonu gerceklestirilmigtir.
Ardindan izole edilen genomik DNA'nin safligi ve
miktar1 ELISA (Epoch) cihazinda  (ODaso/2s0)
belirlenmistir. 16S rDNATin amplifikasyonu, 27F (5'-

AGAGTTTGATCCTGGCTCAG-3) ve 1492R (5~
TACGGYTACCTTGTTACGACTT-3") evrensel
primerler kullamlarak gerceklestirilmistir (dos

Santos ve ark., 2019). Orneklerin DNA dizi analizi,
Gazi Universitesi Yagsam Bilimleri Uygulama ve
Arastirma Merkezinde Genetic Analyzer Applied
Biosystems, 3130 model genetik analizér cihaz ile
gerceklestirilmistir. Elde edilen sonuglar NCBI gen
bankas1 ile karsilastirilmistir (http://www.ncbi.nlm.
nih.gov).

Folat Uretimi

Sybesma ve ark. (2003 a,b) ve Aswathy ve ark.larinin
(2008) yontemlerinde birtakim degisiklikler yapilarak
bakterilerin folat tiretimleri gerceklestirilmigtir. Folat
tiretimlerinin tespit edilmesinde MRS (laktobasiller
icin), Elliker (streptokoklar icin), %10’luk yagsiz siit
(Oxoid, Irlanda) ve Folik Asit Casei Medium (FACM,



KSU Tarim ve Doga Derg 27 (3), 704-717, 2024
KSU J. Agric Nat 27 (3), 704-717, 2024

Aragtirma Makalesi
Research Article

HiMedia, USA) besiyerleri ve tampon olarak ise 0,1 M
potasyum fosfat, sodyum asetat ve sodyum fosfat
tamponlar1 kullamilmigtir. Bakteriler besiyerlerine
inokiile edilip, 42°C’da 16 saat gelistirildikten sonra
12000xg’de 10 dak santrifiij edilmistir. Intraselliiler
iretim i¢in pellet kullanilirken, ekstraselliiler iiretim
i¢in stupernatant kullanilmigtir. Ortamdaki besiyeri
ve diger kalintilarin uzaklagmasi igin 6rnekler PBS
tamponu ile yikanmigtir.

Intraselliiler folat {iretimi

Bakteri yogunlugu McFarland 5% (15%x108 cfu/mL)
ayarlanan ve 50 MHz frekansinta icerisine buz
eklenen ultrasonikasyon (VibraCell) cihazinda
orneklere 5 dakika siiresince sonikasyon iglemi
uygulanmigs ve numuneler sicak su banyosunda
100°C’da 15 dak bekletilmigtir. Ardindan 4000Xg’de
10 dak 4°C'da santrifiij ilemi yapilmigtir. Sicak su
banyosunda 5 dak yeniden bekletilen 6rneklere ikinci
santrifiij uygulamasimin ardindan elde edilen
stipernatant 0,45 pm’lik filtreden gegirilerek mikro-
kuyucuklara aktarilmigtir. ODsso nm dalga boyunda
O0lcim yapilarak kiltiirlerin  intraselliller folat
iretimleri tespit edilmistir (Sybesma ve ark. 2003a,b;
Aswathy ve ark., 2008).

Ekstraselliiler folat iiretimi

Stpernatant ile tampon c¢o6zeltileri 1:1 oraninda
sispanse edilmigtir. Ornekler sicak su banyosunda
100°C’da 15 dak tutularak folat baglayici1 proteinlerin
folattan ayrilmas: saglanmigtir. Ornekler 4000xg’de
10 dak 4°C'da santrifiij edilmigtir. 2 mL’lik
stipernatant, 0,4 mL insan plazmasi, 0,1 M 2-
merkaptoetanol, %0,5 sodyum askorbat soliisyonu ile
muamele edilerek 37°C’da 1 saat ¢alkalamali etiivde
bekletilmigtir. Sicak su banyosunda 5 dak bekletilen

ornekler santrifiij edilmis ve supernatant 0,45 pm’lik
filtreden gegirilerek mikro-kuyucuklara aktarilmagtir.
ODsso nm dalga boyunda 6lgim yapilarak kiltlirlerin
ekstraselliiler folat iiretimleri belirlenmistir (Wilson
ve Horne, 1982; Aswathy ve ark., 2008; Sybesma ve
ark. 2003a,b).

Istatiksel Analizler
Tim calismalar tg¢ paralelli ve ti¢ tekerriurli olarak
yapilmis ve c¢alismalarin ortalama sonuclari

verilmigtir. Bu calismalardan elde edilen veriler bu
tekrarlarin ortalamasi + standart sapma (SD)
seklinde verilmistir. Her bir bakterinin farkl besiyeri
ve tampon ¢ozeltilerdeki intraselliler ve
ekstraselliiler folat uretimleri arasindaki
farkliliklarin istatistiksel O6nem degeri iki yonla
ANOVA ve Tukey’s post hoc testi ile ve GraphPad
Prism (Www.glqaphpad.com) yazilimi kullanilarak
belirlenmigstir. Istatistiksel o6nem degerleri p<0,05
olarak belirlenmigtir.

BULGULAR ve TARTISMA
Bakteri Izolasyonu

Calismada izolatlarin alindig1 yer, 6rnek numarasi ve
kodu Cizelge 1'de gosterilmistir. Bolu-Goéynik ve
Amasya-Merzifon disindaki tim boélgelerden 32
Streptococcus sp., Nevsehir-Gillsehir ve Mersin-
Silifke disindaki tim bolgelerden 31 Lactobacillus sp.
olmak tzere toplamda 63 izolat elde edilmistir.

Laktobasil izolatlarimin MRS kati besiortaminda
yass1 ve krem renkli koloniler (Resim 1.a); Streptokok
izolatlarinin NRCLA kati1 besiortaminda diizgiin ve
mor renkli koloniler olusturduklar1 (Resim 1.b)
gbzlenmigtir.

Sekil 1. a. MRS kat1 besiortaminda Laktobasillerin koloni morfolojisi

b. Neutral Red Chalk Laktoz kati besiortaminda Streptokoklarin koloni morfolojisi
Figure 1. a. Colony morphology of Lactobacilli on MRS solid media

b. Colony morphology of Streptococci on Neutral Red Chalk Lactose solid media
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Bakterilerin Tanimlanmasi
Biyokimyasal tanimlama

API 50 CHL test kiti kullanilarak (Resim 2) yapilan
biyokimyasal tanimlama sonucunda laktobasil

Cizelge 1. Yogurttan izole edilen izolatlarin alindigi yerler, 6rnek numaralar: ve kodlar:

izolatlarinin L. delbrueckii subsp. bulgaricusa
benzerlik oramimin % 53-97, streptokok izolatlarinin
S. thermophilusia benzerlik oraninin % 71-95 oldugu

belirlenmistir (Cizelge 2).

Table 1. Locations sample numbers and codes of the isolates 1solated from yoghurt

Izolatlarin Alindig1 Yer Ornek No Lactobacillus sp. kodu Streptococcus sp. kodu

1. Ankara-Keg¢iéren 1.1 ZN141 714
1.2 ZN142 715
1.3 ZN171 7151
1.4 ZN172 7171
1.5 ZN18 7173
1.6 ZN19 718

2. Ankara-Yenimahalle 2.1 ZN251 7261
2.2 ZN252 7271
2.3 ZN272 7272
2.4 ZN281 7351

3. Cankir1-Orta 3.1 ZN342 7361
3.2 ZN361 7372
3.3 ZN362 -
3.4 ZN382 -

4. Ankara-Cankaya 4.1 ZN442 7472
4.2 ZN451 7482
4.3 ZN461 -

5. Amasya-Merzifon 5.2 ZN543
5.3 ZN551
5.4 ZN561
5.5 ZNb562 -

6. Ankara-Sincan 6.1 ZN641 7,662
6.2 ZN652 7651
6.3 ZN661 7672
6.4 ZN662 7682

7. Nevsehir-Gulsehir 7.1 - 7743
7.2 7752

8. Ankara-Altindag 8.1 ZN82 7861
8.2 7.862

9. Bolu-Goyniik 9.1 ZN961 -
9.2 ZN981 -

10. Mersin-Silifke 10.1 - 71051
10.2 71052
10.3 71061
10.4 71062
10.5 71081
10.6 71082

11. Corum-Sungurlu 11.1 ZN1151 71151
11.2 ZN1171 71152
11.3 ZN1181 71153
11.4 71161
11.5 71162
11.6 71171

- izolasyon gerceklestirilememigtir.
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Cizelge 2. Lactobacillus sp. ve Streptococcus sp. izolatlarinin API 50 CHL tanimlamasi ve % benzerligi
Table 2. Lactobacillus sp. and Streptococcus sp. of isolates API 50 CHL identification and % similarity

Kod API 50 CHL Tanimlama Benoz/((;rlik Kod ATEflfrglgII:: % Benzerlik
ZN171 L. delbrueckii subsp. bulgaricus 88 715 S. thermophilus 87
ZN19 L. delbrueckii subsp. bulgaricus 81 714 S. thermophilus 92
ZN141 L. delbrueckii subsp. bulgaricus 73 718 S. thermophilus 95
ZN172 L. delbrueckii subsp. bulgaricus 53 71171 S. thermophilus 82
ZN18 L. delbrueckii subsp. bulgaricus 80 7173 S. thermophilus 72
ZN142 L. delbrueckii subsp. bulgaricus 90 7171 S. thermophilus 79
ZN252 L. delbrueckii subsp. bulgaricus 90 7272 S. thermophilus 83
ZN272 L. delbrueckii subsp. bulgaricus 81 7682 S. thermophilus 67
ZN251 L. delbrueckii subsp. bulgaricus 84 7752 S. thermophilus 88
ZN281 L. delbrueckii subsp. bulgaricus 75 7743 S. thermophilus 80
ZN362 L. delbrueckii subsp. bulgaricus 84 7861 S. thermophilus 91
ZN382 L. delbrueckii subsp. bulgaricus 92 7.862 S. thermophilus 75
ZN342 L. delbrueckii subsp. bulgaricus 71 71062 S. thermophilus 90
ZN361 L. delbrueckii subsp. bulgaricus 90 71083 S. thermophilus 79
ZN461 L. delbrueckii subsp. bulgaricus 96 7261 S. thermophilus 90
ZN442 L. delbrueckii subsp. bulgaricus 55 7271 S. thermophilus 91
ZN551 L. delbrueckii subsp. bulgaricus 79 7372 S. thermophilus 79
ZN561 L. delbrueckii subsp. bulgaricus 81 7361 S. thermophilus 82
ZN562 L. delbrueckii subsp. bulgaricus 82 7351 S. thermophilus 90
ZN543 L. delbrueckii subsp. bulgaricus 93 7472 S. thermophilus 75
ZN451 L. delbrueckii subsp. bulgaricus 83 7482 S. thermophilus 67
ZN662 L. delbrueckii subsp. bulgaricus 94 7662 S. thermophilus 95
ZN661 L. delbrueckii subsp. bulgaricus 86 7651 S. thermophilus 80
ZN652 L. delbrueckii subsp. bulgaricus 55 7672 S. thermophilus 92
ZN641 L. delbrueckii subsp. bulgaricus 70 71061 S. thermophilus 89
ZN82 L. delbrueckii subsp. bulgaricus 67 71081 S. thermophilus 93
ZN981 L. delbrueckii subsp. bulgaricus 97 71051 S. thermophilus 80

ZN1181 L. delbrueckii subsp. bulgaricus 53 71162 S. thermophilus 89
ZN961 L. delbrueckii subsp. bulgaricus 95 71161 S. thermophilus 71
ZN1151 L. delbrueckii subsp. bulgaricus 76 71152 S. thermophilus 90
ZN1171 L. delbrueckii subsp. bulgaricus 91 71151 S. thermophilus 85

71153 S. thermophilus 91
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Resim 2. API 50 CHL testi
Picture 2. API 50 CHL test

Molekiiler tanimlama

Biyokimyasal  olarak  tamimlamalari  yapilmig
numunelerden rastgele se¢ilen 4 laktobasil ve 4
streptokok  izolatimin  16S rDNA  molekiiler
tanimlamalar1 gerceklestirilmistir. Laktobasillerden
izole edilen DNA'nin saflik (ODs2so/2s0 nm) derecesi
1,72-1,90 araliginda, streptokoklarin DNA’sinin ise
1,72-1,85 araliginda tespit edilmistir. Orneklerin

DNA’larmin dizi analizi sonuclari BLAST (Basic
Local Alignment Search Tool) fonksiyonu ile NCBI
(National Center for Biotechnology Information) Gen
Bankasi’nda taranarak belirlenmistir. Calismada
kullanilan tim bakterilerin molekiiler tanimlamasi
sonucunda model suglara %99 oraninda benzerlik
gosterdigi  bulunmus ve sonucglar Cizelge 3'te
verilmigtir.

Cizelge 3. Bakterilerin 16S rDNA sekanslarinin NCBI Gen bankasi sonuglarina gére benzerlik oranlar ve saflik

dereceleri (ODszso/280 nm)

Table 3. Similarity rates and purity levels of 16S rDNA sequences of bacteria according to NCBI Genbank results

(0D260/280 nm)
Kod Izolat EMBL/GenBank % Benzerlik OD260/280 nm
Numarasi
ZN281 L. delbrueckii subsp. bulgaricus HM218006.1 99 1.81
ZN382 L. delbrueckii subsp. bulgaricus HMO058989.1 99 1.76
ZN551 L. delbrueckii subsp. bulgaricus JX839763.1 99 1.72
ZN652 L. delbrueckii subsp. bulgaricus HMO058547.1 99 1.90
7173 S. thermophilus GU195647.1 99 1.72
7361 S. thermophilus HQ721278.1 99 1.74
7351 S. thermophilus HQ721251.1 99 1.83
71161 FEnterococcus faecium JN542513.1 99 1.85

Biyokimyasal yontemlerde, enzim substrat iligkisine
baghh olarak go6zlenen renk degisimi ya da gaz
olusumu ile elde edilen sonuclar tam ¢izelgeleri ile
karsilastirilmakta ve  bakteri tanimlamasi
gerceklestirilmektedir. Insan glici ve c¢alisma
alanindan tasarruf saglama, kisa strede hizli sonug
verme ve diisik maliyetli olma gibi 6nemli avantajlar
da bulunmaktadir. Ancak, API, Enterotube, Minitek,
Vitek gibi biyokimyasal tan1 yontemleri ¢ahgilacak
bakteri tiri hakkinda o6nemli Dbilgiler sunan
yontemler olsalar da, kiltirlerin
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identifikasyonlarinin daha dogru yapilabilmesi i¢in
bilgisayarlh otomatik okuyuculara ihtiyag
duyulmaktadir (Aras, 2011). Molekiiler tanimlama
teknikleri, bakterilerin hizli ve dogru bir sekilde
tanimlanmasinda yiksek bir potansiyel
gostermektedir. Bu tir yontemlerin, fenotipik olarak
yakindan iligkili olan ancak epidemiyolojik etkide
onemli farklhiliklar gosteren tiirlerin ve/veya alt
turlerin farklilagtirilmasi1 gibi 6nemli uygulama
alanlar: bulunmaktadir (Frey ve Nicolet, 1997). 16S
ribozomal RNA (rRNA) gen dizilemesi, bakteriler
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arasindaki filogenetik iligkilerin belirlenmesi i¢in
onemli bir ara¢ olarak hizmet etmekte ve bakteri
izolatlarinin tanimlanmasinda etkin olarak
kullanilmaktadir. Sekans tanmimlamasi, yavasg
biyliyen, olagandis1 ve gii¢ iireyen bakterilerin yani
sira geleneksel yontemlerle zayif bir gekilde
farklilagan bakteriler igin de kullanilan bir yéntemdir
(Patel, 2001). Molekiiler tamimlama teknikleri
potansiyel olarak bakteri turlerinin tespiti ve
tanimlanmasinin yani sira bir bakteri tirt igindeki
suglarin karsilastirilmasina da olanak tanimaktadir.
Calismada, hem biyokimyasal hem de molekiiler
tanimlama testleri gercgeklestirilen Lactobacillus sp.
ve Streptococcus sp. izolatlarinin, tanmimlama
sonuclarinin  birbirinden farklihik gésterdigi ve
molekiiler tanmimlama sonuglarimin L. delbrueckii
subsp. bulgaricus ve S. thermophilusa daha ylksek
oranda (%99) benzerlik gosterdigi tespit edilmistir.
Bu calismada tesadifen secilen 8 izolatin molekiiler
tanimlamasi yapilarak molekiiler tanimlamanin daha
dogru sonuglar verdigi ispatlanmigtir.

Folat Uretimi
Folatin kimyasal olarak sentezlenmis formu olan folik

asidin yiksek oranda alinmasi, B12 vitamini
eksikliginin erken hematolojik belirtilerinin
maskelenmesi,  hepatik  dihidrofolat  rediiktaz

enziminin aktivitesinde degisiklik ve kanserin tegvik
edilmesi gibi olumsuz saglk sorunlarina neden
olabilmektedir (Bailey ve Ayling 2009; Baggott, ve
ark., 2012; Da Silva ve ark., 2016; Albano ve ark.,
2020). Yogurt, ayran, peynir gibi baz1 fermente siit
tiriinlerinde  laktik asit bakterilerinin  (LAB)
biyosenteziyle folat miktarinda artigs go6zlenmesi
sonucu folatin biyosentezine yo6nelik ¢aligmalara ilgi
artis gostermistir (LeBlanc ve ark., 2011).

Dogal folat formlari turetilebilen LAB, olumsuz
etkilere neden olmadan folat eksikligini 6nlemek ic¢in
gidalara dahil edilebilmektedir. Sentetik folik asitle
zenginlestirmeye alternatif olarak LAB tarafindan
uretilen folat, bagirsak patolojilerine karsi terapétik
ve anti-enflamatuar/anti-neoplastik  tedavilerde
tamamlayici olarak kullanilabilmektedir (Levit ve
ark., 2021).

Intraselliiler folat tiretim miktarimmn yiiksek ¢ikmasi
bakterinin metabolik aktivite etkinligi hakkinda bilgi
verirken, ekstraselliler folat miktarindaki artig
tiketilen gidalarin folat icerigi bakimindan zenginligi
hakkinda fikir vermektedir (Sybesma ve ark., 2003a).
Sybesma ve ark. (2003a), Leuconostoc lactis ve L.
paramesenteroides suglar1 ile gergeklestirdikleri
arastirmalarinda bakterilerin trettikleri total folat
miktarim1 43-45 pg/L olarak bildirmiglerdir. Laino ve
ark. (2012) Arjantin yogurtlarindan elde ettikleri 4
Lactobacillus delbrueckii subsp. bulgaricus
kiltirtiniin hticre i¢ci ve hiicre dig1 folat tretim
miktarlarin1 belirlemek amaciyla, folat icermeyen
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kiiltiir ortaminda (FACM) ve yagsiz siitte kiiltiirleri
gelistirmiglerdir. FACM ortaminda, suglarin hiicre igi
folat uretimlerinin 8,6-16,2 pg/L, hicre dis1 folat
uUretimlerinin ise 3,6-86,2 pg/LL arasinda degiskenlik
gosterdigi  bildirilmistir. Cucick ve ark. (2020)
Brezilya kegi sut triinlerinden elde ettikleri beg S.
thermophilus (34v, 170v, 268v, 36lv ve 341pc)
bakterisinin folat tretim miktarini belirlemigtir.
Analiz sonuglarina gore en iyi folat tireten bakteriler
sirasiyla S. thermophilus 34v (0,208 pg/mL) ve S
thermophilus 268v (0,167 pg/mL) olarak rapor
edilmigstir. Yogurttan izole edilen 4 Propionibacterium
freudenreichii ssp. shermanii ve 4 P. freudenreichii
ssp. freudenreichii kullanildigr bagka bir ¢alismada
bakterilerin folat tUretimleri 21,2-31,9 pg/mL olarak
tespit edilmistir (Zahed ve ark., 2022). Liu ve ark.,
(2022) ¢ig inek siitiinden folat {reten alt1
Lactobacillus susu izole etmigler ve alt1 izolatin folat
veriminin 0,0055 ile 0,239 pg/mL arasinda degistigini
bildirmiglerdir. Elde edilen suslardan folat tretim
potansiyeli en yiksek olan izolatin Lactilactobacillus
sakei 1.Z217 (0,239 pg/mL) oldugunu bildirmislerdir.

Calismada, ti¢ farklh besiyeri tampon uygulamasinin
intraselliler ve  ekstraselliler folat Uretimi
uzerindeki etkisi incelenmigstir. L. delbrueckii subsp.
bulgaricus ve S. thermophilus suglarimin farkh
besiyerlerinde intraselliller ve ekstraselliiler folat
uretimleri Cizelge 4-7’de verilmistir.

MRS besiyerinde L. delbrueckii subsp. bulgaricus
suslar icin en yuksek intraselliler folat {iretiminin
ZN561 susunda potasyum fosfat tamponunda (83,3
png/l) en diigiik iiretimin ise sodyum asetat
tamponunda (6,9 pg/L) oldugu belirlenmistir (Cizelge
4). Ekstraselliller folat {iretimine bakildiginda
ZN1151 susu potasyum fosfat tamponunda (74,9
ng/L) en yiiksek degeri gosterirken, ZN961 susu
sodyum asetat tamponunda (1,1 pg/L) en diisiik
degeri gostermistir (Cizelge 6). S. thermophilus
suglarinda;  Elliker  besiyerinde en  yiksek
intraselliler ve ekstraselliler folat Uretimleri
sirasiyla Z482 ve 7862 suslarinda potasyum fosfat
tamponunda (103,8 ve 72,5 pg/L) belirlenirken, en
dustk folat tiretimi sirasiyla Z1161 susunda sodyum
fosfat tamponunda (7,9 pg/L) ve Z1051 susunda
sodyum asetat tamponunda (4,5 pg/L) bulunmustur
(Cizelge 5 ve 7).

FACM Dbesiyerinde intraselliler folat uretimi L.
delbrueckii subsp. bulgaricus suslarinda 8,5 ug/L
(ZN172)-88,5 g/l (ZN543) arasinda degisirken
(Cizelge 4), S. thermophilus suslarinda ise; 87,7 ug/L
(Z861)-9,5 g/l (Z682) araliginda degiskenlik
gostermistir (Cizelge 5). Ekstraselliiler folat {iretimi
ise L. delbrueckii subsp. bulgaricus suglarinda 2,9
ng/L (ZN562)-50,9 pg/L (ZN561 ve ZN1151) (Cizelge
6), S. thermophilus suslarinda 3,4 pg/L (Z351)-79,9
ng/L (Z651) (Cizelge 7) arahginda tespit edilmistir.
FACM besiyerinde potasyum fosfat tamponunun
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intraselliiller ve ekstraselliler folat tretimi i¢cin en
uygun tampon oldugu belirlenmisgtir.

L. delbrueckii subsp. bulgaricus ve S. thermophilus
suglarinin  yagsiz siit besiyerindeki en yiiksek
intraselliiler folat tiretimi ZN1181 (105,6 ng/L) ve
71162 (95,8 pg/L) suslarinda bulunmustur (Cizelge 4
ve 5). Ekstraselliiler folat iiretimlerine bakildiginda

ise; suslarin 66,3 ug/L (ZN641) ve 73,9 ng/L (Z272)
degerleri ile en yuksek hiicre digi1 folat tretim
yetenegi gosterdikleri tespit edilmistir. Yagsiz siit
besiyerinde potasyum fosfat tamponunun
intraselliiler ve ekstraselltler folat Gretimi igin en iyi
sonug veren tampon c¢ozeltisi oldugu belirlenmistir
(Cizelge 6 ve 7).

Cizelge 4. L. delbrueckii subsp. bulgaricus suslarinin farkl besiyerlerinde (MRS. FACM ve yagsiz siit) ve farklh
tamponlarda (potasyum fosfat. sodyum fosfat ve sodyum asetat) intraselliiler folat {iretimleri (ug/L)

Table 4. L. delbrueckii subsp. bulgaricus strains in different media (MRS. FACM and skim milk) and buffers
(potassium phosphate. sodium phosphate and sodium acetate) intracellular folate production (ug/L)
MRS FACM Yagsiz siit
Bakteri Potasyum Sodyum Sodyum Potasyum Sodyum Sodyum Potasyum Sodyum Sodyum
Kodu Fosfat Fosfat Asetat Fosfat Fosfat Asetat Fosfat Fosfat Asetat
Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu
ZN171 78.5+4.6 2 17.5+0.4b 9.3+0.1 P 53.943.4 2 25.3+0.3P 21.8+0.9" 35.9+1.32 38.3+3.22 6.9+0.1be
ZN19 47.2+1.62 22.9+£0.6P 11.9+0.1 be 55.4+1.3 2 25.1+0.1" 29.9+1.1° 34.4+4.42 28.3+1.32 16.8+0.1 bc
ZN141 26.1+3.12 20.2+0.4 2 13.8+0.6" 55.3+4.3 2 25.6x1.1P 33.44+0.6P 49.244.12 43.4+1.02 16.6+0.1 b
ZN172 39.444.12 19.2+0.4" 9.6+£0.0" 8.5+4.62 23.7+0.9P 19.3+1.12 44.842.92 41.142.22 11.7+0.0bc
ZN18 25.742.42 19.1+0.7? 14.5+0.3" 51.9£5.3 2 18.8+0.6" 32.9+0.9 b 70.845.52 65.2+4.42 25.3+0.1 be
ZN142 54.5+6.12 18.7+0.3P 6.9+0.0" 62.44+0.1 2 28.2+1.2P 18.8+0.4 be 72.1+£3.72 17.4+0.1" 6.6+0.1 be
ZN252 11.7£0.4 2 18.2+0.3" 8.0+0.1bc 29.6+3.7 2 22.3+0.6 2 19.7+0.1° 38.2+0.62 51.8+2.2P 13.2+0.3 be
ZN272 35.4+6.52 21.7+0.4 2 11.1+0.1P 38.842.2 2 28.4+0.4" 18.9+0.4 b 24.9+1.52 23.9+4.62 7.6+0.3 b
ZN251 60.7+3.72 21.9+0.1P 10.9+0.1" 64.7¢1.12 22.9+£0.6P 15.9+0.4 be 75.1+2.42 61.4+1.9b 16.9+2.9be
ZN281 42.9+1.52 19.2+0.4" 14.3+£0.1 < 51.245.72 23.7+0.1P 21.5+0.6" 56.8+1.32 55.7+1.82 6.4+0.1bc
ZN362 22.143.72 17.7£0.62 10.0+0.0" 14.4+3.1 2 13.2+2.22 14.7+0.3 2 43.9£1.92 39.5+1.32 14.5+0.3b¢
ZN382 27.1+£1.92 23.240.32 12.4+0.1b< 32.942.9 2 27.240.32 21.9+1.9P 33.8+2.72 25.842.52 7.6+0.1 b
ZN342 20.0+0.62 17.8+0.3" 11.6+0.1bc 60.9+1.1 2 29.2+0.6" 24.6+0.0 b 51.3+4.12 18.6+0.6" 16.1+0.4b
ZN361 40.9+0.62 24.7+0.7" 8.940.0bc 27.6x1.22 27.4+0.92 22.940.6 b 48.8+1.62 45.5+3.52 8.5+0.0 b
ZN461 26.5+2.52 23.56+1.52 9.5+0.1be 28.1+£2.5 2 22.440.12 21.5+0.4" 52.2+1.32 47.6+1.82 6.2+0.1 be
ZN442 37.4+0.32 23.9+0.1P 12.1+0.0b< 19.3+1.12 19.0+1.62 19.6+0.0 10.9+1.22 14.5+0.7 2 15.9+0.6P
ZN451 27.2+0.3 2 22.44+0.,7P 10.3+0.1 b 18.1+3.4 2 25.1+0.3 2 12.7+0.4 b 34.3+0.3 2 29.84+2.12 8.5+1.1b¢
ZN551 54.2+4.62 27.9+1.3P 10.9+0.3 b 66.4+3.4 & 36.2+0.3P 21.240.1 b 86.7+4.62 63.7+6.5P 14.1+1.5b«c
ZN561 83.3+1.92 26.3+0.4P 8.940.0bc 72.944.4 2 34.3£1.5P 23.7+£0.3P 92.5+1.92 79.9+2.2P 25.0+0.4 be
ZN562 20.7+4.72 17.0£0.72 12.5+0.02 16.2+0.9 2 27.7£1.9b 21.940.1 be 29.2+1.22 26.2+1.92 21.3+0.0"
7ZN543 65.2+2.92 27.8+0.1P 14.7+0.1bc 88.5+7.12 27.7£0.6 P 23.5+0.3P 96.9+2.42 92.2+1.12 35.9+1.2bc
ZN662 24.8+1.22 18.3+0.0" 10.14+0.1bc 23.9+3.12 28.2+1.22 18.5+0.3 ¢ 60.9+4.32 18.7+0.7" 24.3+0.3b
ZN661 21.8+0.12 26.1+1.6" 11.9+0.0b< 20.44+0.2 a 18.9+1.12 19.5+0.1 2 61.7+1.82 58.9+2.82 17.6+0.1bec
ZN652 72.2+3.82 23.5+0.9? 10.7+0.3 b 68.9+0.9 a 18.1+0.0P 10.1+0.1 b 94.94+4.62 75.6+0.4P 14.9+0.1 b
ZN641 68.3+4.4 2 27.1+0.4 P 8.1+0.0be 69.84+2.9 a 25.4+0.6" 21.44+0.3V 68.5+0.7 2 65.8+0.92 26.7+0.0 b
7ZN82 63.4+1.82 20.9+0.4P 10.2+0.0b< 67.3+0.6 2 32.2+1.1° 18.9+0.1 be 33.1+£5.22 19.7+£1.32 27.1+£0.12
ZN981 66.5+2.92 19.7+0.3" 10.3+0.0bc 34.8+4.6 2 18.8+0.6" 21.8+0.3" 60.7+0.3 2 56.1+1.6P 30.8+0.7 be
ZN961 54.9+0.72 21.840.12 13.8+0.6b< 53.444.7 2 25.6£1.1P 20.6£1.1P 82.9+0.42 61.7+0.4P 11.3+0.3be
ZN1151 54.1+1.92 18.8+0.6P 14.4+0.0" 66.3+3.5 & 25.4+1.5Y 35.5+0.1 b 60.6+4.62 55.9+1.22 25.24+1.1bc
ZN1171 34.5+0.92 29.1+0.3a 11.9+0.1bc 53.9+2.7 a 33.9+1.9? 13.2+0.3 b 16.4+1.32 14.2+1.22 6.8+0.1bc
ZN1181 61.5+3.92 63.2+1.2a 15.9+0.1 be 71.7+£3.7 2 19.2+0.6P 36.1+2.2bc 105.6+1.92 66.4+1.3P 37.4+0.9bc

+! Standart sapma seklinde sunulmustur.
abc Ayni stitunda farkl harflerle ifade edilen degerler Tukey testine gére P<0.05 diizeyinde istatistiksel olarak 6nemlidir.

L. delbrueckii subsp. bulgaricus suslarimin folat
tiretiminde farklh besiyerleri ve tampon uygulamalar
arasinda farkliligin olup olmadigini tespit etmek
amaciyla Tukey’s testi uygulanmigtir. Bir¢ok sus i¢in
tamponlar arasinda anlaml bir farkhilik gézlenmistir
(p<0,05). Ancak, intraselliiler folat iiretiminde MRS
besiyerinde ZN562 susunda (Cizelge 4), FACM
besiyerinde ZN172, ZN362, ZN442 ve ZN661
suglarinda (Cizelge 6) anlamhi bir farklihga
rastlanilmamigtir. Yagsiz stit besiyerinde
intraselliiler folat tUretim c¢alismalarinda tim
suglarda tampon uygulamalarinda anlamli bir fark
gozlenmistir (p<0,05) (Cizelge 7). Ekstraselliiler folat
uretiminde ise MRS besiyerinde ZN18, ZN451 ve
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ZN1171 suslarinda (Cizelge 4), FACM besiyerinde
ZN19, ZN18, ZN252, ZN281, ZN442, ZN551 ve ZN661
suslarinda  (Cizelge 6) anlamli bir farklihga
rastlanilmamigtir. FACM besiyerinde intraselliiler
folat tiretiminde Z1153 susu harig, ekstraselliiler folat
uretiminde 1ise Z18 susu hari¢ tim suslarin
besiyerlerinde  uygulanan tamponlar arasinda
anlaml bir farklihik oldugu gézlenmistir (p<0,05).
Yagsiz siit besiyerinde ise ZN981 susunda (Cizelge 7)
tamponlar arasinda anlamli  bir fark tespit
edilememistir (p<0,05).

Calismada en yuksek folat tiretim kapasitesi gésteren
L. delbrueckii subsp. bulgaricus 7ZN1181 susunun
(105,6 nug/L) Sybesma ve ark. (2003a) (45 pg/L), Laifio
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ve ark. (2020) (86,2 pg/L) calismalarinda
kullandiklarn1 en yiksek folat turetimine sahip
bakterilerden daha yiiksek degerde tiretim yetenegi
gosterdigi belirlenirken, Cucick ve ark. (2020) (31,9
pg/mL) , Liu ve ark. (2022) (239 pg/L), ve Zahed ve
ark. (2022) (208 pg/l)’min  calismalarinda
kullandiklar1 bakterilerin folat miktarindan daha

diustik degerde Uretim sergiledigi tespit edilmigtir.
Folat tretim miktarindaki farkhiligin kullanilan
mikroorganizmalarin ve izolasyon kaynaklarinin ayni
olmamasi, farklh besiyeri ve tampon c¢ozeltilerin
kullanilmasi gibi gelisme kosullarina baglh olarak
degiskenlik géstermis olabilecegi diisiniilmektedir.

Cizelge 5. S. thermophilus suglarinin farkl besiyerlerinde (Elliker. FACM ve yagsiz siit) ve farkli tamponlarda
(potasyum fosfat. sodyum fosfat ve sodyum asetat) intraselliiler folat tiretimleri (ug/L)

Table 6. S. thermophilus strains in different media (Elliker. FACM and skim milk) and buffers (potassium
phosphate. sodium phosphate and sodium acetate) intracellular folate production (ug/L)

Elliker FACM Yagsiz siit

Bakteri Potasyum Sodyum Sodyum Potasyum Sodyum Sodyum Potasyum Sodyum Sodyum

Kodu Fosfat Fosfat Asetat Fosfat Fosfat Asetat Fosfat Fosfat Asetat
Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu
715 24.4+3.7 2 27.5+£0.6 2 10.9+0.3 b 30.9+7.4 2 41.8+4.4 2 14.6+0.1 ¢ 25.6+4.4 b 63.1+4.4 2 36.2+0.4¢
714 75.440.4 2 18.4+2.1b 11.7+0.1 be 82.24+2.8 2 20.9£0.9 > 13.140.7 be 26.3+1.2 b 40.5+0.7 2 25.5+1.8¢
718 54.44+6.6 37.2+1.1P 11.1+£0.3 b 54.0+£0.2 2 47.843.8 2 16.6+0.3 b 41.1+0.77P 47.840.3 2 12.7+£1.9bc
7173 30.2+1.52 19.1+£0.7? 10.5+0.1 be 48.3+1.3 2 18.2+0.3 12.5+0.4 b< 38.7+1.57P 67.2+1.82 21.1+0.6bc
7171 48.6+1.6 2 45.1+44.3 2 11.840.4 b 51.4+2.4 2 27.8+£2.7" 16.3+0.6 b 77.8+0.7 2 47.1+£2.71 23.1+0.9 b
7272 58.8+1.12 25.1+£0.1P 13.1+0.3 be 60.6+1.12 35.5+0.1 P 17.941.2 be 78.5+0.0 a 37.9+1.5P 15.2+0.9be
7261 50.9+0.3 2 26.3+£3.7P 11.5+0.1 be 48.7+1.9 2 32.1+1.6 P 17.740.0 be 43.1+3.9P 60.5+0.6 2 35.1+0.1¢
7271 58.8+3.2 2 21.9+0.6° 10.6+0.4 be 43.7+0.3 2 30.7+1.1P 15.740.3 be 73.3£1.52 40.9+0.1 P 18.442.2be
7372 71.842.92 21.9+0.1P 11.6+0.7 be 70.3+0.1 2 22.9+0.6 » 16.5+0.2 b 61.6+£0.9 2 61.5+2.2 2 32.5+0.6bc
7361 29.746.3 2 50.9£1.82 14.1+£0.9 be 34.4+1.6° 48.1+0.9 19.4+1.2 be 19.9+4.70 59.1+1.8 24.1+1.2bc
7351 52.3+3.12 17.740.4 2 10.7+0.1 be 50.4+£3.9 2 26.7£1.2° 16.7+0.1 b 61.3+0.0 ® 70.7£0.7 2 29.8+0.4 be
7472 44.9+0.4 2 31.5+0.1P 13.1£0.7 be 41.5+1.82 29.9+0.1° 17.6+£0.7 b 65.6+0.4 2 28.3+1.3 7P 24.9+3.2P
7482 103.8+1.1 2 33.9+0.6 P 14.5+0.3 be 70.2+1.1a 38.4+1.6P 17.340.6 be 80.1+4.9 2 43.6+0.7P 29.2+2.2bc
7662 56.9+1.3 2 32.1+0.6 b 11.14+0.1 be 59.5+1.3 a 31.4+1.8P 15.340.3 be 38.7+0.3 2 33.6+2.2 2 19.9+1.5bc
7651 34.3+2.4 2 36.4+0.4 2 10.6+2.4 be 32.2+1.12 23.6+1.1° 12.6+1.2 be 32.8+0.1 2 24.56+0.9 b 20.9+0.6"
7672 72.3+1.6 2 10.5+0.6 2 13.9+0.6 b< 62.5+3.2 19.0+0.2 P 17.2+0.3 b 50.5+0.6 a 40.7+3.2 b 25.94+0.1bc
7682 48.2+0.6 a 31.2+1.9°% 10.7+0.1 be 9.5+2.4 1 48.7+4.8 2 16.8+0.5 ¢ 68.1+2.1 a 69.9+0.4 a 21.7+2.5bc
7752 71.9+2.8 2 15.2+1.9 2 10.3+0.1 be 79.2+1.6 2 18.8+0.6 P 14.9+0.1 P 91.6+0.9 a 17.1+0.1 P 30.1+1.3Pc
7743 61.5+2.12 21.9+£1.82 14.9+7.2 be 55.943.2 2 20.7+1.6 > 19.8+0.4 b 79.142.9 2 26.7+2.7 " 21.1+0.7 be
7861 82.6+2.7 2 25.1+0.6 » 11.6+0.3 b 87.7£0.4 2 26.3+0.1 " 14.3+0.4 be 58.2+0.1 2 26.2+0.4 » 19.6+0.1 be
7.862 76.944.3 2 27.1+£1.27 14.4+0.6 b 71.1+£2.1 2 34.4+£1.5°P 19.440.6 be 74.1+£2.9 a 79.9+2.2 2 17.1+1.1be
71062 74.3+2.8 2 32.7+1.1b 16.6+0.9 be 59.1+0.9 a 40.7£3.1 b 19.4+1.1 be 63.8+2.7 a 64.14+2.4 2 18.2+0.3 be
71083 55.7+2.2 a 33.3+0.4 ® 11.8+0.7 be 48.5+0.3 a 22.1+1.9 P 19.5+0.3 b 84.24+3.7 a 27.8+4.9V 17.6+3.8bc
71061 53.6+1.1a 17.6+2.2 2 11.9+0.3 be 9.6+2.12 26.5+1.6 P 22.9+0.4 b 56.7+2.1 a 31.1+1.6P 19.5+1.9b«
71081 70.5+1.6 2 37.3+0.4 ® 11.2+0.4 be 52.7+1.12 18.2+1.2 b 15.5+0.3 b 63.5+2.4 a 24.94+0.4b 22.1+3.4)
71051 36.8+1.12 24.9+0.2 b 14.9+1.3 be 69.8+0.4 2 17.5+1.6 > 18.1+0.9 b 46.3+0.7 2 38.4+0.7" 22.3+2.5b¢
71161 48.1+3.4 2 7.9+0.9 b 17.2+£1.2% 33.8+2.7 2 12.4+0.1 " 12.5£1.6} 60.1+1.3 2 6.4+0.3" 21.6+0.3 b
71152 37.7+1.12 28.1+0.0 b 10.7+£1.2 be 68.8+0.6 2 27.8+0.7b 14.5+0.9 be 40.7+1.8 2 30.7+0.3 P 32.8+0.1"
Z1171 56.8+0.4 a 19.5+0.9 b 12.2+0.3 be 53.8+1.6 2 20.8+0.4 b 25.1+0.3 b 74.24+2.7 a 34.9+0.9b 37.9+0.6P
71151 37.94+0.1 a 30.6+1.5" 12.2+0.3 be 68.4+4.1 a 33.5+1.5"% 17.7+0.9 be 44.5+1.8 a 31.6+£0.7P 19.7+0.3 b
71153 62.1+1.1a 40.6+0.4 28.1+0.9 be 38.1+2.1 a 37.3+1.52 31.8+0.7 a 25.2+1.8 a 11.7+0.2P 23.1+0.9¢
71162 69.5+4.72 8.9+0.41 29.8+1.1be 74.7+1.52 15.7+0.6> 17.9+1.1% 95.8+1.92 6.3+0.6" 19.941.5be

+! Standart sapma seklinde sunulmustur.

abe Aym stitunda farkh harflerle ifade edilen degerler Tukey testine gore P<0.05 diizeyinde istatistiksel olarak énemlidir.

SONUC ve ONERILER

LAB'nin fermente triinlerde folat konsantrasyonunu
artirmadaki roli yaygin olarak rapor edilmektedir
(Laifio ve ark., 2012, Da Silva ve ark., 2016; Zhang ve
ark., 2020). LAB arasinda S. thermophilus, susa bagh
olarak fermantasyon sirasinda buylk miktarlarda
folat tretme kabiliyeti gosteren oOnemli starter
kiiltiirlerden  birisidir (Laifio ve ark., 2012;
Albuquerque ve ark., 2019). LAB tarafindan iiretilen
folatin, gida igleme sirasinda kullanilmasiyla daha
saghkhh gida trinlerinin elde edildigi bildirilmistir
(Rad ve ark., 2016; Meucci ve ark., 2018). Cogu LAB,
bir¢ok vitamin i¢in oksotrofik olmasina karsin bazi
suglarin B grubu vitaminleri sentezleme yetenegi

bulunmaktadir. Bu durum LAB ile fermente edilmis
gidalarin  tiiketilmesinin 6nemini arttirmaktadir
(Albuquerque ve ark., 2019).

Bu arastirmada, yerel gida kaynaklarindan (yogurt)
elde edilen L. delbrueckii subsp. bulgaricus ve S.
thermophilus suglarinin farkli besiyeri ve tampon
uygulamalarinin hiicre i¢gi ve hiicre dis1 folat
Uretimine etkisi incelenmigtir. Ayrica kullanmilan
besiyerleri ve tampon c¢ozeltiler arasinda anlamli bir
farklilk  olup  olmadig1  istatistiksel  olarak
incelenmisgtir. Yapilan literatir taramalari
neticesinde yuksek folat tiretimine sahip probiyotik
mikroorganizmalarin tiiketimiyle digaridan folik asit
takviyesine gerek duyulmadan folat eksikliginin
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dogal yollarla gideriminin mumkin olabilecegi hastaliklarin olusumunun engellenmesi agisindan
belirlenmistir (Laifio ve ark., 2019; Fayemi ve ark., gida uygulamalarinda tercih edilebilecegi, ayrica
2023). S. thermophilus ve L. delbrueckii subsp. starter 6zellikleri detayli olarak belirlendikten sonra
bulgaricus bakterileri arasindan yuksek folat tretim yogurt yapiminda alternatif starter kultir olarak
yetenegi gosteren suslarin, canlinin metabolik kullanilabilecegi diistiniilmektedir.

faaliyetlerini  yerine  getirebilmesi ve  cesitli

Cizelge 6. L. delbrueckii subsp. bulgaricus suslarimin farkli besiyerlerinde (MRS. FACM ve yagsiz siit) ve farkh
tamponlarda (potasyum fosfat. sodyum fosfat ve sodyum asetat) ekstraselliiler folat tiretimleri (ug/L)
Table 6. L. delbrueckii subsp. bulgaricus strains in different media (MRS. FACM and skim milk) and in different

buffers (potassium phosphate. sodium phosphate and sodium acetate) extracellular folate production

(ug/L)
Bakteri Elliker FACM Yagsiz siit
Kodu Potasyum Sodyum Sodyum Potasyum Sodyum Sodyum Potasyum Sodyum Sodyum
Fosfat Fosfat Asetat Fosfat Fosfat Asetat Fosfat Fosfat Asetat
Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu
ZN171 30.9+1.62 18.2+0.0" 7.240.5be 11.6+0.5 2 28.2+1.1P 23.1+1.8P 40.5+1.7a 21.5+0.9P 1.9 +1.1be
ZN19 9.7+0.6 2 9.240.12 3.3+0.2bc 21.942.12 20.5+£1.7 2 17.7£0.0 2 16.1+0.52 13.6+£0.22 2.4+1.3bc
ZN141 12.7£0.0 2 15.6+£0.5" 1.5+0.1b< 33.0+0.5 2 28.4+£2.92 12.9+1.9bc 32.7+1.52 17.9+0.6" 1.140.2bc
ZN172 2.940.12 14.7+0.8? 6.7+0.2bc 28.9+3.9 23.9+2.1 2 15.5+0.5" 19.7+£0.62 7.240.0P 1.6+£0.6P<
ZN18 7.6£3.32 8.6£1.42 2.1+0.22 12.3£3.3 2 13.9£1.52 16.8+0.2 2 17.9+1.42 8.2+0.2P 1.54+0.9b<
ZN142 37.7+0.3 2 35.4+1.8 2 1.940.1be 46.0£1.5 2 24.4+0.6P 21.3+0.8P 40.5+1.12 8.2+1.3) 0.9+0.1be
ZN252 16.2+0.1 2 20.44+2.1 2 4.24+1.0bc 25.442.1 2 25.940.1 2 24.04£0.1 2 3.0+1.82 4.7+¢0.12 1.1+0.32
ZN272 29.3£1.6 2 31.5+1.7a 3.6+0.3 be 34.0+0.6 2 23.7+0.6P 22.3+0.1P 38.24+1.42 7.1+0.1b 0.3+0.2bc
ZN251 22.3+1.4 2 26.7+0.8b 3.3+0.2be 42.443.9 2 26.8+1.1P 16.5+0.6b< 30.9+0.52 7.3£0.9b 1.3+0.1b<
ZN281 8.5+1.82 8.9+0.22 1.2+0.0b< 21.5+0.2 2 19.3£0.3 2 19.5+1.12 17.5+¢2.12 6.6+0.3" 2.1+0.8"
ZN362 22.7+£1.92 20.5+1.6 3.9+0.0bc 31.1+1.32 28.0+0.5 2 4.9+0.1bc 8.3+1.32 8.0+0.82 2.1+0.1bc
ZN382 36.1£1.12 30.5+£6.2 2 5.3+1.7be 10.5+1.1 2 23.9£1.4b 18.1+0.1bc 14.4+0.62 7.1+0.3P 2.7+0.5bc
ZN342 29.5+1.1 2 21.5+2.3P 4.8+0.3be 45.9£0.5 2 29.5+0.5P 21.940.3 b 15.9+1.1a 8.8+0.2" 2.4+0.3 b
ZN361 22.3£0.6 2 20.7£2.3 2 1.6+0.1 b 13.6+0.9 2 19.8+0.5" 19.1+0.3" 10.2+0.12 7.6+1.62 1.240.0 b
ZN461 8.7+0.6 2 8.2+0.6 2 2.3+0.1 be 33.7+1.1a 25.7+£0.1P 16.3+2.1 b 16.5+0.72 9.1+0.7a 1.5+0.1 b
ZN442 13.1+0.6 2 14.8+0.8 2 5.5+0.1 b 18.9+7.2 2 22.7+2.3 2 22.7+1.1 2 25.3+3.12 10.6+1.52 2.9+0.8bc
ZN451 46.1+0.2 2 46.4+4.2 2 36.0+1.42 45,9+2.5 a 26.8+0.6" 16.5+0.9 b 27.0+£0.52 11.8+1.6P 14.6+0.2P
ZN551 42.3+0.2 2 31.1+6.9 a 4.9+0.0bc 38.5+4.9 a 27.7+3.6 2 25.6+0.8 2 14.9+3.42 6.8+0.32 2.4+0.6"
ZN561 58.2+0.6 = 44.3+0.8P 6.7+0.0be 50.9+2.6 2 30.5+0.8P 24.9+0.0° 61.44+0.72 10.8+1.3" 1.7+0.5b<
ZN562 11.3£2.2 2 23.4+1.1P 5.0£0.2 b 2.940.7 2 24.0£1.1P 26.2+0.6" 3.7£1.4P 8.2+0.32 2.2+0.2¢
ZN543 47.4+0.5 2 33.3+0.1P 3.6+0.3 be 48.8+0.7 2 27.1+1.1b 20.940.0 b 39.8+1.8% 8.9+0.1" 2.0+0.2be
ZN662 10.7+0.6 2 9.5+0.3 2 5.7£0.7 be 30.4+2.3 2 29.5+0.0 2 24.2+0.9b 19.3+0.82 8.7+0.3" 3.5+1.4be
ZN661 19.9+0.5 2 18.7+1.3 2 4.7+£0.9bc 22.8+2.2 2 20.4+0.1 2 21.8+0.6 12.1+1.32 7.6£1.62 2.6x£1.4P
ZN652 45.9+0.2 38.5+3.1 2 8.3+0.7bc 46.3+1.9 2 21.0+0.7P 23.9+0.1P 45.3+2.72 11.1+1.3P 4.7+0.1"
ZN641 70.2+0.9 a 39.3+2.9P 5.3+0.6 b 38.8+1.0 a 24.2+0.8P 18.9+0.1 b 66.3+0.3 2 9.2+1.3% 3.2+0.6 b
ZN82 28.4+4.1 2 15.8+0.5b 6.6+0.1" 49.3+0.2 2 27.3£0.1P 29.4+0.6 b 27.9£0.92 15.2+0.3" 4.5+1.1bc
ZN981 41.0£2.52 31.146.9 2 4.440.3bc 40.74£0.6 2 27.7+£3.6P 21.6+£0.1P 27.440.12 10.2+1.5a 3.7+0.12
ZN961 14.9£1.3 2 13.7+1.6" 1.1+0.1 b 29.741.62 20.6£1.3P 21.1+£0.1P 23.940.22 8.9+1.5b 0.940.1 be
ZN1151 74.9+£0.7 a 27.8+0.6" 1.6+0.5b< 50.9+1.1 23.6+0.6" 14.0+0.2 bc 29.1+0.2 2 12.3+0.6P 0.9+0.1 be
ZN1171 33.2+0.6 2 30.1+3.4 a 33.6+1.8 2 21.6+0.8 2 26.8+0.1P 17.2+0.2bc 19.8+1.1a 6.5+0.6" 6.3+0.9"
ZN1181 44,7+2.7 2 33.1+0.6" 1.8+0.1b< 37.7+1.6 a 37.8+5.1 a 16.7+0.3 bc 36.9+2.52 40.6+0.7 2 1.0+£0.2 b

+! Standart sapma seklinde sunulmustur.
abc Ayni stitunda farkl harflerle ifade edilen degerler Tukey testine gére P<0.05 diizeyinde istatistiksel olarak 6nemlidir.

TESEKKUR yapilmasi, malzemelerin temin edilmesiZehranur
Bu calisma, Gazi Universitesi Fen Bilimleri Yiksekdag: Fikir/Kavram, planlama ve tasarim,
Enstitiisii Biyoloji Anabilim Dalinda, 2014 yilinda  kaynak saglama, denetleme ve damgmanlik
tamamlanan  “Geleneksel Yontemlerle Yapilan Berat Cinar Acar: Literatiir taramasi, makalenin
Yogurtlardan Izole Edilen Lactobacillus delbrueckii yazimi, istatistiksel analizlerin yiritilmesi

subsp. bulgaricus ve Streptococcus thermophilus

Tiirlerinde Folat Uretimi” isimli yiuksek lisans Cikar Catigmasi Beyani

tezinden tlretilmigtir. Ayrica, calismamiz Gazi
Universitesi Bilimsel Arastirma Projeleri (BAP)
Birimi tarafindan 05/2013-07 kodlu proje ile
desteklenmisgtir.

Makale yazarlar1 aralarinda herhangi bir ¢gikar
catigsmasi olmadigini beyan ederler.

Aragtirma ve Yayin Etigi Karar

Yazarlar bu calismanin arastirma ve yayin etigine

Aragtirmacilarin Katk: Oran1 Beyan Ozeti N
uygun olarak yapildigin1 beyan ederler.

Meryem Nur Zeydanli: Literatir taramasi, deneylerin
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Cizelge 7. S. thermophilus suglarinin farkl besiyerlerinde (Elliker. FACM ve yagsiz siit) ve farkli tamponlarda
(potasyum fosfat. sodyum fosfat ve sodyum asetat) ekstraselliiler folat iiretimleri (ug/L)
Table 7. S. thermophilus strains in different media (Elliker. FACM and skim milk) and in different buffers
(potassium phosphate. sodium phosphate and sodium acetate) extracellular folate production (ug/L)

Elliker FACM Yagsiz siit
Bakteri Potasyum Sodyum Sodyum Potasyum Sodyum Sodyum Potasyum Sodyum Sodyum
Kodu Fosfat Fosfat Asetat Fosfat Fosfat Asetat Fosfat Fosfat Asetat
Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu Tamponu
715 44.7+0.6 2 11.7+1.4% 6.1+1.6bc 11.9+0.32 9.5+0.52 16.1+1.3 b 29.4+0.62 6.7+0.7b 6.4+0.7"
714 53.6+0.9 2 11.3+1.7b 5.4+1.4b 49.1+£2.57 8.8+0.6" 15.5+0.9 be 50.2+0.02 6.2+0.1" 4.9+0.9"
718 12.6+0.2 2 7.9+0.3P 4.8+0.0b< 9.9+0.82 10.5+3.22 8.9+3.92 18.7+0.32 6.2+0.2P 4.7+0.5b
7173 38.3+1.52 28.2+1.6P 8.1+0.6 b 27.0+1.62 22.5+0.22 12.940.2be 46.8+0.62 8.1+0.2% 5.5+0.6
7171 32.7+1.32 12.6+0.2P 10.1+2.5P 6.6+1.12 10.9+0.5P 13.9+0.7P 27.0+0.7 2 8.5+0.5P 5.9+0.5b
7272 48.9+3.52 46.6+2.12 5.3+0.5bc 52.7+0.82 25.0+0.1P 15.14+0.1bc 73.9+6.42 8.1+0.2% 3.9+0.2%
7261 25.540.12 21.2+0.9b 4.8+0.0bc 64.5+0.52 25.9+0.1P 12.7+0.8 b 70.1+£2.72 6.5+0.2" 6.1+0.5"
7271 8.44+0.2" 54.6+3.82 5.6+1.1¢ 19.1+£2.92 19.6+£0.62 14.34+0.2bc 53.2+0.52 7.1£0.0P 4.7+0.3"
7372 49.943.52 28.2+1.5P 5.7+0.1be 52.5+0.62 28.4+1.4V 16.2+£0.2b< 58.6+3.82 6.1+0.1" 4.8+0.8"
7361 36.1+0.82 9.5+0.6" 9.2+0.1° 3.5+0.62 12.9+0.6" 11.4+0.3Y 3.6+0.52 6.6+0.1" 5.9+0.7"
7351 7.6+1.7P 31.9+0.92 7.5+£0.3¢ 3.4+1.42 27.2+0.7P 14.9+0.5b< 42.842.22 6.5+0.9" 4.4+1.3P
7472 28.8+0.3P 40.8+9.12 5.8+0.6¢ 47.7+1.12 22.8+0.6P 10.1£1.7 b 40.1+0.3 2 8.3+0.7" 4.4+0.6"
7482 55.7+2.12 17.2+1.8P 9.240.8bc 55.4+1.12 10.8+0.5" 13.2+0.5bc 57.3+2.92 7.3£0.2P 6.9+0.3"
7662 64.5+1.32 36.9+3.9b 5.7+0.1 be 39.8+0.3= 27.0+1.0P 10.241.4 be 49.7+0.82 7.8+0.1b 6.4+0.3"
7651 13.3+1.7} 21.4+0.52 6.8+0.6 b 79.9+0.2a 37.2+4.2° 11.8+0.8b« 15.8+0.11 7.2+0.3b 6.3+0.6"
7672 57.4£0.12 12.5+£2.2° 8.7+0.1" 47.5+1.52 11.5+£2.10 15.1+1.1° 54.0£0.52 11.4+0.5" 3.9+0.6 b
7682 3.0+0.8P 25.6+0.32 5.4+1.4% 42.2+0.22 11.8+1.4% 14.4+£0.5" 59.944.12 9.9+0.2P 6.3+0.6"
7752 55.4+1.52 10.9+0.8? 5.8+0.5bc 65.0+£0.12 12.3+0.9? 9.4+1.1" 60.7+0.92 9.4+0.5" 6.3+0.5"
7743 56.9+3.9a 6.7+1.5P 5.1+0.7b 57.0+1.3a 9.1+0.1" 6.9+0.5" 56.6+3.14 6.5+0.2 6.5+1.3"
7861 52.3+2.42 43.2+2.6° 9.440.6 b 15.2+1.7" 29.9+0.32 19.3+0.8¢ 44.2+3.62 7.5+0.3b 7.8£0.1P
7862 72.5+2.9a 44.6+1.5" 6.440.7 be 61.6+0.94 30.5+0.8P 5.940.5 be 51.3+£0.0= 6.1+0.1" 4.7+1.4P
71062 56.7+2.22 27.0+1.1° 5.8+0.8bc 51.9+0.82 25.9+0.1P 9.5+0.3bc 51.0+0.22 6.7+0.3" 4.841.1b
71083 37.7£1.12 6.1+0.1" 4.8+0.5" 5.7+0.62 9.9+0.3P 16.5+£0.2b< 38.4+0.12 7.240.0P 6.7+0.7"
71061 33.9£0.32 24.8+0.7P 6.5+0.7be 12.6+£0.52 24.1+1.0P 16.6+£0.3 b 4.2+0.62 8.5+0.7P 6.1+0.1"
71081 37.6+0.84 25.3+0.5P 8.3+0.6 b 64.1+2.62 15.2+2.6" 16.8+0.8b< 40.1+4.12 11.4+1.1b 5.5+0.1b
71051 53.3+0.7a 9.3+0.9?b 4.5+0.9bc 28.3+1.12 16.1+0.7" 6.3+1.6bc 28.2+0.32 7.7+1.83) 4.4+0.6"
71161 4.6+£0.52 8.9+0.22 6.2+0.32 26.1+1.52 14.6+0.2> 5.940.7 be 31.8+0.7a 34.9+1.72 5.3+0.3 be
71152 53.0+1.64 27.4+2.3b 6.1+0.1 be 67.8+1.82 23.3+0.3P 13.7+0.5be 59.4+2.62 9.7+0.1% 4.7+0.5"
Z1171 36.4+0.3 2 20.3+1.2P 6.5+1.3bc 61.6+0.12 12.1+0.8P 9.9+0.8P 60.0+1.82 7.6+0.6P 3.5+0.3"
71151 55.4+1.12 28.6+1.3P 5.3+0.5b¢ 57.1+1.12 23.4+1.4Y 15.3+0.3 b 51.7+0.62 6.8+0.5" 4.1+1.3%
71153 53.2+0.92 10.4+0.2P 9.4+0.6bc 54.3+2.32 11.9+0.6P 7.2+0.2P 28.1+0.52 29.24+0.52 4.9+0.3bc
71162 50.6+0.02 7.8+0.1b 7.3+1.8P 56.3+0.14 17.8+0.6" 6.5+0.5be 62.5+3.12 25.2+0.9P 5.9+0.8 b
+ Standart sapma seklinde sunulmustur.
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ABSTRACT

The aim of this study is to determine the Trichoptera species distributed
in the Kura-Aras river basin and Eastern Black sea coastal rivers
within the borders of Turkey. For this purpose, samples were taken
from a total of 51 stations, each individual was separated according to
its morphological characteristics and species identification was
completed. A total of 44 Trichoptera species were recorded as a result of
the samplings made from two different river basins with flow within the
borders of Turkey. Although Trichoptera species distributed in the
Eastern Black Sea basin have been identified before, this study was
conducted for the first time for the Kura-Aras river basin. Species
identified from the Kura-Aras river system are new records for the
basin.
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Kura-Aras Nehir Havzasi ve Dogu Karadeniz Akarsulari Trichoptera Faunasi Uzerine Bir

Aragtirma
OZET

Bu ¢alismanin amaci, Turkiye sinirlar: icinde Kura-Aras nehir havzas:
ve Dogu Karadeniz kiy1 nehirlerinde yayilis gosteren Trichoptera
turlerini belirlemektir. Bu amagla toplam 51 istasyondan numuneler
alinmig, her bir birey morfolojik o6zelliklerine gore ayrilmig ve tir
tamimlamasi tamamlanmigtir. Turkiye simirlar: igerisinde akisi olan iki
farkli nehir havzasindan yapilan o6rneklemeler sonucunda toplam 44
Trichoptera tirt kayit altina alinmistir. Kaydedilen tiirlerden 14’4
sadece Kura-Aras havzasinda bulunurken, 20’s1 sadece Dogu Karadeniz
havzasinda bulunmustur. 10 tir ise her iki havza ic¢in ortaktir. Dogu
Karadeniz havzasinda yayilis gosteren Trichoptera tiirleri daha 6nce
tanmimlanmig olmasina ragmen, bu calisma Kura-Aras havzas: i¢in ilk
kez yapilmigtir. Kura-Aras nehir sisteminden tespit edilen tiirler havza
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